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In this issue 


Pressure-induced phase chan¬ 
ges in CdW04 

Studies in pressure-induced phase 
transformation in sheelite type 
ABO 4 compounds by Raman 
spectroscopy have demonstrated 
that such transformations are a 
rule in these systems. Do 
Wolframite type ABO 4 com¬ 
pounds exhibit pressure-induced 
transformation (PIT) is a logical 
question. A. Jayaraman et al. 
answer this question in their ar¬ 
ticle ‘New pressure-induced phase 
changes in CdW04 from Raman 
spectroscopic and optical micro¬ 
scopic studies’ on page 44. 

Employing a gasketted Mao- 
Bell type diamond cell, the beha¬ 
viour of CdW04 (Wolframite 
stmcture) at high pressures have 
been studied up to 40 GPa with 
the help of high pressure Raman 
spectra. The results show that 
wolframite phase disappears 
above 30 GPa and reappears at 
16 GPa on release of pressure. 
This transition is completely re¬ 
versible at room temperature and 
the high pressure phase is not 
quenchable. It is a first. order 
transition and is hysteritic. 


Identifying the highest wave 
number peak with Vj mode of 
WOg, the authors argue that the 
decrease of the frequency of this 
peak by about 120 cm~* in the 
high pressure phase (as compared 
to the wolframite phase) is indi¬ 
cative of a tmly octahedral W-0 
coordination in the high pressure 
phase. They point out that the 
description of octahedrally coor¬ 
dinated WOg as building blocks 
in wolframite CdW04 is a highly 
distorted picture. It should really 
be regarded as tetrahedral and 
that is also consistent with the 
Raman frequency of WO4 in 
wolframite CdW04. 

Comparing their results with the 
V, mode of the octahedral WOg 
in Ba2CaW06, they conclude that 
in the high pressure phase of 
CdW04, the coordination of W 
becomes truly octahedral. They 
suggest that the WOg octahedrons 
may form chains in the structure 
sharing four corners with the 
neighbouring octahedra or from 
zig-zag chains sharing the edges 
to preserve the W-0 ratio. They 
point out the need for additional 
input from high pressure X-ray 
study to identify the other weak 


peaks of Raman spectrum. 

Optical observations under 
•microscopic (in unpolarized and 
crossed polarized light) with 
thick (~ 50 pm) as well as thin 
(~ 20 pm) samples of CdW04 
revealed a remarkable PIT near 
10 GPa. This is also shown in 
Raman spectra, in a less pro¬ 
nounced way, as small changes 
of slope in pressure vs Raman 
shift plot. This subtle transition 
in the wolframite phase is inter¬ 
preted as the wolframite lattice 
12/a taking on the C2/c symmetry 
of HgW04. 

The authors show in the case 
of sheelite CdMo04, the sheelite 
to wolframite transition near 12 
GPa. Near 25 GPa, CdMo04 exhi¬ 
bits another transition similar to 
that observed in CdW04. 

Based on the above results, the 
authors suggest that the picture 
for the high pressure transition 
sequence in A^'^B^'^04 compounds 
is sheelite to wolfi:amite or 
wolframite-like phase and then to 
a phase with truly octahedrally 
coordinated BOg units. 


S. R. Rajagopalan 
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Fancy and facts in science and art 


Science is often defined as the search 
for truth. In a true sense, art can also 
be considered as the search for truth. 
This leads us to the often-debated fun¬ 
damental question - What is truth 
CSatyam’)! 'Saf in the Sanskrit word 
'Satyam' means ‘that which exists 
forever’. This eternal fact was aptly 
presented by our predecessors as - "Ekam 
sat vipra bahudhavadanti' (Truth is one; 
scholars present it in many ways). 

It is, therefore, not uncommon to feel 
the intermingling of the scientific quest 
for precision with artistic values of aes¬ 
thetics. History does provide many inspir¬ 
ing examples. I was impressed by a 
statement from Charles Lindberg, whose 
exploits with aircrafts are legendary: 
‘Science, freedom, beauty, adventure: 
What more could you ask of life? Aviation 
combined all the elements I loved. There 
was science in each curve of an airfoil, 
in each angle between strut and wire, in 
the gap of a spark plug or the colour of 
the exhaust flame. There was freedom in 
the unlimited horizon, on the open fields 
where one landed. A pilot was surrounded 
by beauty of earth and sky. He brushed 
treetops with the birds, leapt valleys and 
rivers, explored the cloud canyons he had 
gazed at as a child. Adventure lay in 
each puff of wind’. 

Barbara McClintock, undoubtedly one 
of this century’s outstanding scientists, is 
a shining example whose work has em¬ 
bodied the elements of beauty and adven¬ 
ture. She dared to think differently and 
firmly placed her work and vision on 
genetic instability, duly earning a Nobel 
prize in 1983, though it is almost 34 
years late! Aren’t the anthocyanin colour 
patterns on the maize kernels, which 
incited the interest of McClintock, aes¬ 
thetically appealing and beautiful in their 
own right?! 

Probably, every scientist who takes 


pride in his/her work consciously realizes 
the innate artistic beauty of the subjects. 
I was, therefore, not so surprised to read 
the following statement by Chandra- 
shekaran* in an article on biological 
research: ‘What under the sun can pos¬ 
sibly surpass the beauty of the feedback 
physiological principles involved in the 
capture of a moth by an insectivorous 
bat in the pitch darkness of a new moon¬ 
light?’ 

Doesn’t art involve scientific elements? 
What better example can there be but 
the graphic work of M. C. Escher? Al¬ 
though he declared himself as ‘absolutely 
innocent of training or knowledge in the 
exact sciences’, Escher’s drawings in the 
early part of this century gave expression 
to abstract concepts of infinity from finity, 
symmetry, self-similarity, precision and 
periodicity, stimulating the interest of 
mathematicians and crystallographers^. 
Aren’t all these elements reflected in a 
good measure in the biological world as 
‘pattern formation’, whether it is the 
colour patterns in the butterfly wings, 
anthocyanin patterns on a maize kernel, 
spatial periodicity of plant organs or the 
exine architecture of pollen?! So much 
so, Nijhout^, a pioneer researcher on wing 
colour patterns, remarks: ‘Few things in 
nature match the beauty and variety of 
the patterns on the wings of the butterflies 
and moths.’ 

Although there are several unifying 
principles in science and art, an important 
point to consider, in this context, is the 
degree and freedom of ‘creativity’. I do 
find (as many must have) a basic dif¬ 
ference in the ‘creative potential’ of 
science and art. Although science does 
give every scientist unlimited opportuni¬ 
ties (at least theoretically) for demonstrat¬ 
ing his own ego, talent, imagination and 
industry as in arts, the creative potential 
and the freedom of imagination of a poet 


or a writer are indeed far greater than 
that of a scientist. A poet could thus 
grant imaginative boons to a 'rakshasa' 
(Hiranyakaship) that he could neither be 
killed by man nor by an animal, neither 
by a living nor by a dead weapon, neither 
in the day nor at night, neither on the 
earth nor in the sky and neither in the 
house nor outside. Having set all these 
variables, he comes out with a wonderful 
answer by creating a marvel.of irnagina- 
tion - 'Narasimha’ (the Lion God) and 
the rest is an awe-inspiring mythological 
story. It is, therefore, said: 'Apaare 
kavyasamsare kavireva prajapathihi; 
ethamsmyi rochite viswam tathedham 
parivartate\ broadly meaning that poet 
is a ‘brahma’ of the vast literary family; 
as he wishes, so he creates. 

The imagination and the infinite expres¬ 
sions from a finite means thus depend 
on the talent of an artist, whether in 
music, painting, poetry or even in film- 
making, where a Spielberg can recreate 
dinosaurs (aided by computer technology, 
of course), give ‘life ’ to these and 
instantly appeal to a worldwide audience. 

The ability of a scientist in playing the 
role of a ‘creator’ has increased manifold 
in the recent years in the biological field 
after the advent of genetic engineering. 
For instance, let us consider the recent 
manipulations of floral colour patterns 
through molecular techniques, termed 
‘molecular flower breeding’In nature, 
we do not find brick-red petunias or blue 
roses for the simple reason that these 
plants lack appropriate enzymes that cata¬ 
lyse certain chemical reactions in the 
anthocyanin biosynthesis to produce 
respective colour pigments. Researchers 
have been recently successful in intro¬ 
ducing and expressing the gene coding 
for the enzyme dihydroquercetin reductase 
from maize into petunia, thus producing 
a novel brick-red petunia variety. This is 
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a fairly successful, commercially beneficial 
and environmentally harmless (apparently) 
application of plant genetic engineering. In 
contrast, several restrictions do exist in 
carrying out similar exercises in the 
animal world. The point I make is that 
a scientist cannot and perhaps should not 
have a free hand in his ‘creations’ as 
much as an artist has, and his pursuits 
are most often, if not always, limited by 
nature and other regulations imposed by 
man himself. Except for this variable 
degree of ‘freedom’, there may not be 
any fundamental difference between scien¬ 
tific and artistic quests for truth. The 
underlying similarities between science 


and art have been presented in a brilliant 
portrayal of Newton and Michelangelo 
by Prof. Chandrasekhar^. 

Finally, it is tempting to quote Leonardo 
da Vinci (cited by Dobzhansky^), the 
multifaceted personality par excellence: 
‘Even though the genius of man might 
make various inventions, attaining the 
same end by various means, it will not 
invent anything more beautiful or more 
economical or more direct than nature, 
for in nature’s inventions nothing is want¬ 
ing and nothing is superfluous.’ 


1. Chandrashekaran, M. K., Curr. Sci., 1991, 
61, 309-311. 


2. Schattschneider, D., Sci. Am., 1994, 271, 
48-53. 

3. Nijhout, H. R, Sci. Am., 1981, 245, 104- 
115. 

4. Mol, J., Stuitje, A., Gerats, A., van der 
Krool, A. and Jorgenssen, R., Trends 
Biotech., 1989, 7, 148-153. 

5. Chandrasekhar, S., Curr. Set, 1994, 67, 
497-499. 

6. Dobzhansky, T., Cold Spring Harbor Symp. 
Quant. Biol., 1959, 24, 15-30. 


B. M. Prasanna 

Division of Genetics 

Indian Agricultural Research Institute 

New Delhi 110 012, India 


Distortion of Indian degrees 


It is rather common to find that authors 
of research papers who are of Indian 
origin but now settled abroad mention 
their Indian degrees in a distorted form 
in their biographies. Here are some 
examples from recent IEEE publications: 

1. . received the B Eng from the Indian 
Institute of Science, Bangalore, in 1964 

2. .. received the B S E E degree from 
the Indian Institute of Science in 1976 

5 

3. ‘...received the BSEE degree in 
Electrical Engineering from Bangalore 
University, India, in 1969 .. ’ 

4. ‘... received the B S degree in 
electronics from the Bangalore University 
in 1981...’ 

5. ‘... received the B Eng (Electronics 
and Telecommunication Engineering) 
degree from the Bengal Engineering Col¬ 
lege, University of Calcutta in 1980 ...’ 

6. , received the B S degree from Agra 


University, India in 1969 and M S degree 
from Aligarh University, India ... ’ 

7. ‘...received a BS (Honours) degree 
in Physics from the University of Delhi, 
St. Stephens’s College, in 1956...’ 

8. ‘... received the B S in Electrical 
Erigineering from the University of 
Madras, India...’ 

The names and references have been 
suppressed for obvious reasons. All the 
degrees mentioned above are distorted 
versions, as one may easily verify. IISc 
neither offers a B Eng nor a BSE E; 
neither does Bangalore University award 
aBSEEorBSin Electrical Engineering 
or a B S degree in Electronics. Calcutta 
University awards a B E and not a B Eng 
degree. None of the three Universities at 
Agra, Delhi or Madras offers a B S degree. 
Also, Aligarh University does not award 
an M S degree. 

Why do these authors, who are some 
of our very best products, distort their 


Indian degrees? Is it their wish to conform 
to the us/Canadian degree? If so, why? 
If conformity is important, why is it that 
scientists of European origin do not have 
to resort to such distortions? Or, is it a 
reflection of an inferiority complex? Are 
B Sc, M Sc and B E inferior nomen¬ 
clatures as compared to B S, MS and 
BSEE? 

It is my impression that Indian degrees 
are well understood and well respected 
throughout the world. Such disrespect for 
Indian degrees, as shown by some authors, 
is, in my opinion, totally uncalled for, 
and almost amounts to falsification. What 
would happen to the individual concerned 
if one of our institutions writes to his/her 
employer that he/she was never awarded 
the stated degree? 

S. C. Dutta Roy 
Electrical Engineering Department 
Indian Institute of Technology 
New Delhi 110 016, India 
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On 17 April 1995 the National Working Group on Patent Laws (NWGPL)-a nationwide non-government 
organization active in the area of Intellectual Property Rights (IPRs) - issued an appeal for preservation 
of the essential elements of the Indian Patents Act, 1970. Although it is no one’s case that changed 
circumstances do not call for reappraisals, the scientific community has, so far, been admitted to only 
the outer periphery of the present debate and national decision-making on IPRs. This is all the more 
surprising because the generators, preservers, advancers, users, transmitters and first owners, of the 
products of the intellect - intellectual property - are, in large measure, scientists and engineers, working 
within, and receiving approbation and remuneration from, the larger polity. 


— Editors 

Ammending the Patents Act-An appeal from the National Working 
Group on Patent Laws 


In its appeal, the National Working Group 
on Patent Laws reiterated that what is at 
stake is not a narrow technical or legal 
issue. ‘We are witnessing nothing short 
of an ever-expanding annexation of our 
sovereign spaces of vital decision-making. 
The proposed amendment of the Patents 
Act is being imposed on the nation. 
... in line with the exclusionist and in¬ 
equitable approach of the industrialized 
countries and their transnational corpora¬ 
tions. The TRIPs agreement is nothing 
but a comprehensive and meticulous 
embodiment of that approach. ... [the] 
proposed amendment to the Indian Patents 
Act of 1970 [is] to make it consistent 
with the TRIPs agreement.’ 

The issue is political and transcends 
“technical” or “legal” considerations. It 
is therefore, inappropriate to think of 
introducing “safeguards” in the proposed 
amendment. . . . For the same reason, it 
is misleading to confine one’s outlook to 
sectoral or superficial adverse effects and 


then to plead that there will be no real 
damage for say “seven” years.’ 

There is also no question of our 
country ceasing to be a member of the 
World Trade Organization (WTO) auto¬ 
matically if the proposed amendment falls 
through [in Parliament]. Leaving aside 
the question of whether it is the national 
interest to be member of the WTO, with 
all its detrimental contents and its conti¬ 
nuing, intrusive legislative mandate over¬ 
riding the sovereignty of its members, 
there is no way of our being expelled 
from the WTO, only because our 
sovereign Parliament has decided not to 
approve the amendment. In many inter¬ 
national agreements, the US executive 
committed itself to the requirements of 
these agreements after thorough negotia¬ 
tions, but such commitments were rejected 
or modified by the US legislature in the 
exercise of its sovereign power. The result 
was that the agreements were amended 
to accommodate US and not that the US 


was expelled from the agreements. 
Moreover, the expulsion from the WTO 
requires a decision by a three-fourths 
majority of its members. Such mobiliza- 
iio» in WTO against India on this issue 
is next to impossible. ...’ 

‘An apprehension is voiced that 
unilateral punitive action may follow. 
First, for any WTO-legal action, the mem¬ 
ber concerned will have to follow the 
route of dispute settlement procedures, 
which can be activated only if there is a 
specific cause of action. Moreover, the 
normal working of a democratic process 
can hardly provide such a cause of action 
for other members. However, this does not 
mle out unilateral, WTO-illegal action on 
the part of any member who wishes to 
bully us. But ab initio such action is WTO- 
illegal. And all the so-called protection of 
a mle-based system then becomes a mirage.’ 

A detailed analysis by the NWGPL of 
the provisions of the Patents (Amendment) 
Bill, 1995, follows. 


S. no Provision in the Patents (Amendment) Bill, 1995 

1 Preamble 

Whereas India is a signatory to the Agreement for the establishment 
of the World Trade Organization including the Agreement on Trade 
Related Aspects of Intellectual Property Rights for the purpose of reduction 
of distortions and impediments to international trade and promotion of 
effective and adequate protection of intellectual property rights. 

2 Section 24A(1) 

Notwithstanding anything contained in sub-section (1) of Section 
12, the controller shall not, under that sub-section, refer an application 
in respect of a claim for a patent covered under sub-section (2) of 
Section 5 to an examiner for making a report till the 31st day of 
December 2004 and shall, where an application for grant of exclusive 
right to sell or distribute the article or substance in India has been 
made in the prescribed form and manner and on payment of 
prescribed fee, refer the application for patent, to an examiner for 
making a report to him as to whether the invention is not an 
invention within the meaning of this Act in terms of Section 3 or 
the invention is an invention for which no patent can be granted 
in terms of Section 4. 


Remarks 


There is nothing to show that the Indian Patents Act, 1970, creates 
distortions and impediments to trade. In the light of this it would 
not be desirable to resort to self-condemnation of our Patent Laws. 


It would not be desirable to keep the patent application unattended. 
It IS important to examine the patent applications in accordance 
with Section 12 of the principal Act, in addition to Sections 3 
and 4. 

The TRIPs Text specifies that exclusive marketing right is to be 
given and not exclusive right to ‘sell or distribute’. Exclusive right 
for distribution may not be tenable under the MRTP Act. It is 
important to examine whether the article or substance is not in 
public domain. The invention has to be new, involve an inventive 
step and should be capable of industrial application to qualify for 
an exclusive marketing right. 
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3 Section 24A(2) 

Where the Controller, on receipt of a report under sub-section (1) 
and after such other investigation as he may deem necessary, is 
satisfied that the invention is not an invention within the meaning 
of this Act in terms of Section 3 or the invention is an invention 
for which no patent can be granted in terms of Section 4, he shall 
reject the application for exclusive right to sell or distribute the 
article or substance. 

4 Section 24A(3) 

In a case where an application for exclusive right to sell or distribute 
an article or a substance is' not rejected by the Controller on receipt 
of a report under sub-section (1) and after such other investigation, 
if any, made by him, he may proceed to grant exclusive right to 
sell or distribute the article or substance in the manner provided 
in Section 24B. 

5 Section 24B(1) 

Where a claim for patent covered under sub-section (2) of Section 
5 has been made and the applicant has: 

(a) where an invention has been made whether in India or in a 
country other than India and before filing such a claim filed an 
application for the same invention claiming identical article or 
substance in a convention country on or after the 1st day of January, 
1995 and the patent and approval to sell or distribute the article 
or substance on the basis of appropriate tests conducted on or after 
the 1st day of January 1995, in that country has been granted on 
or after the date of making a claim for patent covered under 
sub-section (2) or Section 5; or 

6 Section 24B(l)(b) 

Where an invention has been made in India and before filing such 
a claim, made a claim for patent on or after the 1st day of Janu^ 
1995 for method or process of manufacture for that invention relating 
to identical article or substance and has been granted in India the 
patent therefor on or after the date of making a claim for patent 
covered under sub-section (2) of Section 5, 

7 Section 24B(1) (b) - sub-para 

and has received the approval to sell or distribute the article or 
substance from the authority specified in this behalf by the Central 
Government, then he shall have the exclusive right by himself, his 
agents or licensees to sell or distribute in India the article or the 
substance on and from the date of approval granted by the Controller 
in this behalf till a period of five years or till the date of grant 
of patent or the date of rejection of application for the grant of 
patent, whichever is earlier. 

8 Section 24B(2) 

Where the specifications of an invention relatable to an article or 
a substance covered under sub-section (2) of Section 5 have been 
recorded in a document or the invention has been tried or used, 
or the article or the substance has been sold, by a person, before 
a claim for a patent of that invention is made in India or in a 
convention country, then the sale or distribution of the article or 
substance by such a person, after the claim referred to above is 
made, shall not be deemed to be an infringement of exclusive right 
to sell or distribute under sub-section (1). 

9 Section 24C 

The provision in relation to compulsory licences in Chapter XVI 
shall, subject to the necessary modifications, apply in relation to 
an exclusive right to sell or distribute under Section 24B as they 
apply to and in relation to a right under a patent construed 
accordingly, namely: to sell or distribute and for that purpose the 
following modifications shall be deemed to have been made to the 
provisions of that chapter and all their grammatical variations and 
cognate expressions shall be construed accordingly, namely: 

(a) throughout Chapter XVI, 

(i) working of the invention shall be deemed to be selling 
or distributing of the article or substance, 

(ii) references to ‘patents’ shall be deemed to be references 
to ‘right to sell or distribute’, 

(iii) references to ‘patented article’ shall be deemed to be 
references to an ‘article for which exclusive right to sell 
or distribute has been granted’. 


as above 


In the TRIPs Text, the connotation used is exclusive marketing 
right and not exclusive right to sell or distribute. Public objection 
should also be invited. 


(i) Patent must be obtained in the country of invention on a product 
prior to the claim made under sub-section (2) of Section 5. 

(ii) If the patent application has been rejected in other convention 
countries, it would be desirable to know the status of such 
applications. 


Process patents are already granted in India and therefore EMR on 
products arising out of patented processes cannot be granted. 


(i) The relevant authority, e.g.. Drug Controller, from whom marketing 
approval is to be taken should specifically be mentioned in the 
text. 

(ii) Public opposition to marketing approval should be invited. 


Since the article or the substance is already in the public domain, 
no exclusive right can be given. 


(i) Indian Patent Act, 1970, provides for Licences of Right which 
is more appropriate as compared to compulsory licences. 

(ii) Licences of Right should only be granted to encourage local 
production and not marketing. 


Local production, and not ‘selling and distribution’, should be 
considered as working. 
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Binding and release of polypeptides during groEL-mediated folding: 
Its cellular significance? 

Amitabha Chaudhuri 


groEL is an E, coli homologue of the 
hsp-60 family of chaperone proteins called 
chaperonins. Besides groEL, the 
chaperonin family of proteins includes 
mbisco subunit-binding protein and hsp-60, 
which share 60% amino acid identity 
among themselves*’^. The eukaryotic 
protein t-complex polypeptide-1 (TCPl), 
although unrelated to hsp-60 class of 
proteins, is also a member of the 
chaperonin family^ 

The groEL protein was originally iden¬ 
tified in E. coli as a component whose 
deficiency resulted in defective mor¬ 
phogenesis of bacteriophage X, T4 head 
structures and T5 tail structures'^’^ thus 
suggesting for it a role in protein assem¬ 
bly. The gene encoding the groEL protein, 
groE, is essential for bacterial growth at 
both normal and heat shock temperatures^. 
During heat shock, the groEL protein 
increases 10-fold, thereby constituting 
10% of the total cytoplasmic proteins^. 
The induction of groEL under stress sug¬ 
gests that the function of the protein is 
required to a greater extent under stressful 
conditions, when cellular proteins are 
likely to be destabilized with the loss of 
their native stmcture. 

Evidence for the participation of groEL 
in protein folding comes from experiments 
done both in vivo and in vitro. Mutants 
of groEL failed to promote proper folding 
of their cytoplasmic proteins^, suggesting 
that groEL assists newly synthesized 
cytoplasmic proteins to reach their native 
tertiary structure. groEL also promotes 
oligomerization of rubisco^ and folding 
of a host of other unfolded E. coli proteins 
in vitro^^\ 

groEL is a large cylindrical oligomeric 
protein with 14 subunits arranged as two- 
stacked rings of seven subunits each**'*". 
Each ring forms a cage-like stmcture'-^ 
which binds polypeptides in a central 
cavity*'^ (Figure 1). Cryoelectron micro¬ 
scopy of groEL and complexes of groEL 
with ATP and groES have revealed con¬ 
formational changes in the molecule with 
the formation of each complex Each 
subunit of groEL probably has an ATP- 
binding site**^. The stoichiometry of sub¬ 
strate binding indicates that the 840 kDa 


groEL particle binds one or two substrate 
molecules. The substrate protein is 
believed to be sequestered in a 6 nm 
central cavity as a compact-folding inter¬ 
mediate*^. 

The crystal stmcture of groEL at 2.3 A 
resolution*^ has thrown light on the 
stmcture-function relationship of the 
chaperonin protein*^. Each ring of seven 
subunits is folded into three distinct 
domains: the apical domain, which binds 
the substrate polypeptide; the equatorial 
domain, that forms the contact surface 
between the two rings; and the inter¬ 
mediate domain that connects the apical 
to the equatorial domain. The latter har¬ 
bours the ATP-binding site. 

The stmcture of groEL has been used 
as a framework for an extensive muta¬ 
tional analysis by Fenton et al}^. Mutant 
groEL molecules defective in the bind¬ 
ing of one or more of its three ligands - 
unfolded polypeptide, groES and 
ATP — have been obtained. The polypep¬ 
tide-binding domain mapped exclusively 
to that segment of the apical domain that 
faces the central channel. In this domain 
there are eight highly conserved hydro- 



Figure 1. A diagrammatic representation 
of groEL-groES~ATP complex. groEL is 
shown as two-stacked rings with bound 
ATP (■). The shaded region represents 
the cavity within the groEL cylinder in 
which the substrate polypeptide is se¬ 
questered. 


phobic amino acids, and changing any 
one of them is sufficient to abolish 
polypeptide binding. The amino acid 
composition of the polypeptide-binding 
domain confirms the prediction that the 
chaperonin protein interacts with the sub¬ 
strate polypeptide through hydrophobic 
patches. 

The same mutations that abolish 
polypeptide binding also affected the 
binding of groES. This raises the inter¬ 
esting possibility that the release 
mechanism of the polypeptide may in¬ 
volve a physical displacement by groES. 
The crystal stmcture of groEL and the 
mutational analysis has, therefore, vindi¬ 
cated many of the predictions that were 
derived from biochemical evidences. 

Contribution of groEL in 
protein folding 

The classic in vitro studies of Anfinsen^* 
showed that folding of proteins is appa¬ 
rently a spontaneous process solely dic¬ 
tated by the primary stmctures. This 
conclusion seems now to be an over¬ 
simplification owing to markedly different 
conditions of protein folding in vitro and 
in vivo. 

Whereas in vitro folding reactions are 
initiated at low temperatures, at low 
protein concentrations and with a com¬ 
plete polypeptide chain, in vivo folding 
occurs at high temperatures, at high 
protein concentrations and even before 
complete synthesis of polypeptide has 
occurred. As a consequence of the con¬ 
ditions in vivo, a nascent unfolded 
polypeptide chain is likely to interact 
with other unfolded protein molecules 
through their interactive surfaces, forming 
aggregates. The role of the chaperonin 
protein is to prevent unproductive incor¬ 
rect interactions between these polypep¬ 
tides which would otherwise act as kinetic 
dead-end traps^. This function is accom¬ 
plished by noncovalent binding of groEL 
to exposed interactive surfaces of proteins, 
producing stable complexes. groEL might 
also interact with proteins trapped in mis- 
folded forms, enabling them to assume 
productive correctly folded conforma- 
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tions^^. These functions of the chaperonin 
protein require that they interact with the 
substrate proteins promiscuously and also 
bind unfolded proteins with higher affinity 
than their native counterparts. 

groEL binds to a large fraction of 
denatured E. coli proteins Using 
labelled pre-P-lactamase and chloram¬ 
phenicol acetyl transferase it was shown 
that upon their synthesis in a bacterial 
translation system, these proteins form 
complexes with groEL. The bound 
proteins could be displaced only by dena¬ 
tured myoglobin, indicating affinity of 
groEL for denatured substrates^^. groEL 
also prevents proteins from undergoing 
aggregation upon dilution from a 
denaturant. Using rhodanese and dihydro¬ 
folate reductase it was shown that both 
the proteins bound groEL in a state inter¬ 
mediate between unfolded and the native 
state as characterized by proteinase sensi¬ 
tivity^^, affinity to ANS and intrinsic 
fluorescence properties'^’Thus, groEL 
provides a microenvironment where un¬ 
folded proteins are kept isolated from the 
bulk - milieu, preventing unproductive 
interaction and thereby enabling proper 
folding. 

The binding of unfolded proteins to 
groEL does not assure their proper fold¬ 
ing. Complete folding requires the par¬ 
ticipation of a co-chaperonin groES, and 
ATP hydrolysis^’The role of groES 
is not well-characterized except that it 
increases the cooperativity of binding and 
hydrolysis of ATP by groEL^^. 

The hydrolysis of ATP during groEL- 
mediated folding suggests that unlike 
protein folding in vitro, protein folding 
in vivo is energy-consuming. This energy 
barrier is likely to serve three functions: 
(a) preventing free exchange of 
groEL-bound proteins with the other un¬ 
folded polypeptides; (b) allowing limited 
folding of the polypeptide on the surface 
of groEL and (c) facilitating the release 
of the protein from groEL. 

The release of the protein from the 
chaperonin protein raises the question of 
whether the protein is released in its 
native or nonnative conformation. If a 
protein is released in its native confor¬ 
mation, it will not interact further with 
the chaperonin protein. However, if the 
protein is released in a nonnative con¬ 
formation, it is likely to interact with 
ofhei groEL molecules till it reaches the 
native state. Therefore, groEL-mediated 
folding of proteins involves either one 


or several rounds of binding and release 
of the polypeptides. How does one dis¬ 
tinguish between these possibilities? 

This question has been addressed rather 
elegantly in a paper by Weissman et al?^, 
who have developed a technique to cap¬ 
ture partially folded substrate proteins 
should they be released intermittently 
during their folding in the presence of 
groEL. In this technique mutant groEL 
molecules are employed, which bind sub¬ 
strate proteins only in their unfolded/par¬ 
tially folded form but do not release them 
even in the presence of Mg-ATP. Using 
^^S-labelled rhodanese and ornithine 
transcarbamylase, they have shown that 
when mutant groEL protein is added in 
a folding reaction initiated with wild-type 
groEL, groES and Mg-ATP, it results in 
the capture of labelled proteins by the 
mutant groEL. In the absence of either 
groES or Mg-ATP, the mutant groEL 
fails to trap the enzymes. This observation 
suggests that the substrate protein is in¬ 
deed released from groEL during folding 
and this release requires the participation 
of groES and ATP hydrolysis. A kinetic 
analysis of the process revealed that 
whereas complete folding requires 7 min 
(judged by the recovery of enzyme acti¬ 
vity), the mutant groEL was able to trap 
the folding intermediates within 0.5 min 
of initiating the folding reaction, indicat¬ 
ing that the substrate protein was unable 
to attain its native conformation upon 
interaction with one chaperonin molecule. 
To determine whether the process of 
binding and release of polypeptides occurs 
throughout the folding reaction, mutant 
groEL was added at different time inter¬ 
vals after the folding reaction was in¬ 
itiated. Addition of mutant groEL to the 
folding reaction 2 min after initiation 
resulted in the capture of more than 60% 
of the substrate polypeptides. When the 
mutant groEL was added 5 min after the 
initiation of the folding reaction, about 
50% of the substrate protein was captured. 
This observation of Weissman et 
suggests that the release of the polypeptide 
occurred throughout the folding reaction, 
and with increased time interval the 
amount of unfolded protein in the reaction 
mixture declined. Therefore, chaperonin- 
mediated folding of proteins involves 
several rounds of binding and release 
from groEL. Each cycle of binding and 
release is expected to require hydrolysis 
of 14 ATP molecules, suggesting that the 
requirement of 100 ATP molecules for 


the in vitro folding of one rhodanese 
molecule may not be an overestimation 

Why cannot a protein complete its fold¬ 
ing without going through iterative cycles 
of binding and release? It could save the 
cell a substantial amount of energy. The 
fact that this process has been selected 
for in spite of it being energy-inefficient 
suggests that there may be something 
important associated with this process 
such that the cycles of binding and release 
become indispensable. The iterative inter¬ 
action of a polypeptide with groEL may 
help to serve the following important 
functions: 

1. As mentioned earlier, the host 
polypeptide is noncovalently associated 
with groEL through its interactive sur¬ 
faces. These surfaces are, therefore, un¬ 
available for any intramolecular 
interaction during the folding of the 
polypeptide. This is likely to result in an 
impasse in which the release of these 
interactive surfaces from groEL becomes 
a prerequisite for folding to proceed. In 
such a situation, the partially folded 
polypeptide has two options: (i) it can 
fold within the cavity of groEL by sequen¬ 
tial release of the interactive surfaces 
from one or more subunits of the groEL 
molecule, as has been suggested by 
Hendrick and Hartl^^; (ii) or it can get 
released from the chaperonin protein into 
the bulk milieu and undergo in¬ 
tramolecular interactions to reach their 
native state. The first option to be fmitful 
requires that the noncovalently associated 
interactive surfaces of the polypeptide be 
released from groEL in a sequential man¬ 
ner as defined by the folding pathway 
of the protein. Since this is difficult to 
achieve mechanistically, the second option 
of dissolving all interactions simul¬ 
taneously and releasing the polypeptide 
in the bulk solution is expected to occur. 

2. In the assembly of oligomeric 
proteins individual subunits interact with 
each other to form the oligomer. The 
interaction between subunits during 
oligomerization requires that each subunit 
bear specific patches on themselves that 
are recognized by other subunits. The 
presence of such exposed interactive 
patches is likely to promote aggregation, 
especially if the subunits are allowed to 
interact with each other randomly. The 
role of the chaperonin protein is, therefore, 
to hold the monomers, thereby preventing 
any unproductive interaction, and release 
them at a time when fruitful interaction 
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will result in proper oligomerization. 

3. Proteins with sulphydryl groups or 
proline residues undergo thiol/disulphide 
exchange reaction and proline cis/trans 
isomerization during folding^^’These 
reactions are catalysed by the enzymes 
protein disulphide isomerase and proline 
cis/trans isomerase, respectively. Release 
of partially folded polypeptide from groEL 
is a prerequisite for it to interact with 
these enzymes. 

4. Proteins may be marked for degrada¬ 
tion during rounds of binding and release 
from the chaperonin molecule. The par¬ 
ticipation of groEL and groES in the 
breakdown of CRAG (a fusion protein 
containing at its amino terminus 12 amino 
acids of the cro repressor, followed by 
a truncated form of protein A and 14 
amino acids of p-galactosidase at its car- 
boxy terminus) has been demonstrated'"^'. 
Although the mechanism is not under¬ 
stood, association of CRAG with groEL 


seems to be the rate-limiting step in 
CRAG degradation. This observation 
reveals yet another complexity in the 
function of groEL. 

5. The release of a polypeptide from 
groEL may be important in limiting the 
amount of time a polypeptide may spend 
on the chaperonin molecule. This is likely 
to prevent the chaperonin proteins from 
remaining locked up in a bound state for 
a long time, thereby making them un¬ 
available for other unfolded proteins. This 
is expected to assume importance during 
stressful conditions, under which the un¬ 
folded proteins are. likely to outnumber 
the chaperonin molecule. In the groEL- 
mediated folding, the release of polypep¬ 
tides, therefore, assumes importance in 
defining the number of cycles of inter¬ 
actions each polypeptide undergoes before 
reaching its native state. In other words, 
some proteins may require one round of 
binding and release while other proteins 


may require many before reaching their 
respective folded conformations. 

The requirement of groEL in assisting 
the folding of a host of proteins both 
in vivo and in vitro raises the question 
whether all proteins require chaperonins 
for folding in vivol If not, how do 
chaperonins distinguish between these 
proteins, especially when every protein 
molecule starts its life from an unfolded 
polypeptide chain? One explanation can 
be that a protein which does not require 
a chaperonin for folding in vivo has less 
interactive surfaces for the binding of the 
chaperonin protein, or the interactive sur¬ 
faces may become inaccessible during 
early steps of folding. These proteins, 
therefore, not only obviate the need of 
a chaperonin but also avoid unproductive 
interactions with other protein molecules 
during the course of folding. In this light, 
one can, in fact, classify proteins as being 
slow- or fast-folding, and'in line with 



Figure 2. The working of a chaperonin machine. 
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this argument, the slow-folding type is 
likely to require the assistance of 
chaperonin proteins for their proper fold¬ 
ing. The trapping method developed by 
Horwich’s group will be invaluable in 
classifying proteins into these two groups. 
This can be achieved by determining the 
relative amount of time a protein spends 
on a chaperonin molecule before com¬ 
pletion of chaperonin-mediated folding. 
For this, different proteins can be tested 
for their ability to fold in vitro in the 
presence of groEL. After the folding reac¬ 
tion is initiated with wild-type groEL, 
groES and Mg-ATP, the mutant groEL 
can be added to the reaction mixture after 
different periods of time and the relative 
amount of substrate protein that is trapped 
by the mutant groEL determined. A 
protein which goes through less number 
of iterative cycles of binding and release 
before reaching its native stmcture will 
be inefficiently trapped by the mutant 
groEL in contrast to proteins which com¬ 
plete fold through many such iterative 
cycles. The former can be classified as 
fast-folding and the latter as slow-folding 
types. A comparison of the sequences of 
these two classes of proteins is likely to 
reveal sequence motifs that are important 
in limiting the interaction of any protein 
with the chaperonin. 

In conclusion, the detailed working of 


a chaperonin machine is depicted in Fig¬ 
ure 2 with the help of a cartoon diagram. 
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COMMENTARY 

Importance of basic research in the context of global change* 

R. Chidambaram 


This is a time of transition for Indian 
science. There is economic liberalization 
at home and there is the end of the cold 
war - at least in its earlier avatar — abroad. 
And there is a demand for environ¬ 
mentally benign and eco-friendly sus¬ 
tainable development. How should the 
Indian science and technology system 
react to these changes? 

Any activity - political, military, eco- 


*Based on the lecture given at the Symposium 
on S & T Policy and Economic Reforms, 
organized by Dr P. S. Lokanathan Memorial 
Society, Bangalore, on 15 March 1995. 


nomic, scientific or cultural - must have 
only one objective in view, namely, how 
to improve the quality of life of our 
citizens while ensuring the security of 
the country. We should quickly put India 
on to the fast track of national develop¬ 
ment and keep it there, without sacrificing 
the values for which the country has 
always stood for. We have the unfortunate 
tendency, as Indians, to denigrate our¬ 
selves too much. I do not think we have 
done too badly in any sphere since inde¬ 
pendence, though our talents and our 
resources could have made higher levels 
of achievements possible. 


The attack on the Indian university 
system explicit in the proposal for the 
National Science University - discussed 
so well in recent issues of Current Science 
-is a case in point. The arrogance of 
that proposal is matched only by its 
absurdity. How can one ignore the 
excellent work done by a very large 
number of Indian scientists who have 
spent all the time of their professional 
careers in this country and imagine that 
a group of NRI scientists, working part- 
time and starting from scratch, will trans¬ 
form the scientific education scenario in 
the country? Have these people heard of 
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the green revolution and the oil explora¬ 
tion effort which led to the discovery 
and exploitation of Bombay High? Are 
they aware of the impact that some na¬ 
tional laboratories like the NCL and some 
university departments like the UDCT of 
Bombay University have had on the Indian 
chemical industry? How have Indian 
scientists and technologists been able to 
build nuclear reactors, launch satellites 
or build sophisticated missile systems, 
using young men trained indigenously? 

And these achievements have been pos¬ 
sible in spite of technology control 
regimes that are operating now in strategic 
areas of high technology, which deny 
India some kinds of equipment and tech¬ 
nologies in the name of non-proliferation 
and missile technology control. They also 
serve the interests of rich and developed 
countries by preventing diffusion of tech¬ 
nologies needed for development by other 
countries. As long as Indian industry in 
non-strategic areas tends to generally use 
yesterday’s technology, it will not be 
affected much by these technology control 
regimes. But as India becomes globally 
more competitive, Indian industry will 
find such regimes becoming operational 
for commercial reasons also and outside 
sources of technology will dry up. That 
is when the Indian industry will begin 
to feel more and more the need for 
indigenous R & D support. 

What we are talking about above is 
applied research (where the motivation is 
to gather new knowledge with utilitarian 
objectives) and technology development 
(where the motivation is to create a 
product or a process). The reasons to 
support basic research (where the motiva¬ 
tion is to gather new knowledge to satisfy 
curiosity) have to be sought elsewhere. 

Support to science 

The spurt in support to science, both 
basic and applied, in USA and in erstwhile 
USSR, was driven by the exigencies of 
the Second World War and then by the 
Cold War. There is perceptible change 
now in their approach to science - perhaps 
temporary - which seems to be caused by 
systemic boredom, accompanied by per¬ 
sonal disinterest, with only a few young 
native Americans and Russians opting for 
a career in scientific research. In USA 
there seems to be a feeling ‘What more 
can Science deliver?’. In Russia, whose 
economy has collapsed for the present in 


spite of their outstanding achievements 
in science and technology, the tendency 
could be to blame the latter for their 
present difficulties. The situation in India 
is very different. 

We should not lose sight of our long¬ 
term perspective while pursuing short¬ 
term goals. In pursuing short-term and 
essential objectives, we should also not 
forget that India is not a small country. 
I am convinced that there is no frontier 
area of science and no area related to 
, any high technology to which India should 
not commit itself - the extent of the com¬ 
mitment should depend on how far in 
the future such areas are likely to have 
an impact on India. To take a few ex¬ 
amples, we should take measures to 
eliminate vitamin A deficiency in children 
and pursue other aspects of preventive 
health care but also participate in the 
global search for cures for AIDS and 
cancer. There is also no conflict between 
delivering economical non-conventional 
energy systems to rural areas and doing 
research on fast breeder reactors. India’s 
relatively higher thrust must, of course, 
be in areas related to critical and strategic 
technologies and to agriculture, biotech¬ 
nology, information technology and 
materials technology. But other areas must 
not be neglected. 

Basic and applied research 

The distinction between basic research 
and applied research is often blurred. The 
study of the origin of life or of the origin 
of the universe are fascinating fields but 
are clearly examples of basic research. 
But there are many situations where 
motivations for both kinds of research 
coexist. One of my colleagues is studying 
the structure of the HIV protease enzyme 
using the X-ray crystallography technique, 
which is an interesting basic research 
problem in itself. But his other purpose 
is to design an inhibitor for this enzyme 
which is the one which opens the protein 
coat of the AIDS virus and makes it 
infectious. My own studies on the equa¬ 
tion of state and phase transformations 
at high pressures have had both a basic 
research motivation and an earlier applied 
research one related to peaceful nuclear 
explosion phenomenology. Similarly other 
studies in BARC on fission phenomena 
have had both basic research interest and 
an applied one related to the design of 
better and safer nuclear reactors. 


Why support basic research? 

The primary motivation for government 
or industry support to research is to help 
technology development for peaceful or 
defence purposes. But government support 
to basic research should have other 
motivations, which should be analysed in 
a national perspective. There is, of course, 
the duty of the state in any civilized 
country to allow intellectuals the oppor¬ 
tunity to let their curiosity wander in 
trying to understand natural phenomena 
or ask and to answer questions of all 
kinds. Imagine the possible achievements 
of Srinivasa Ramanujan - ‘the magical 
genius’ as Kak once called him-if he 
had been supported by the government. 

After a lecture by Michael Faraday 
(1791-1867) in the Royal Society, on the 
newly discovered phenomenon of 
electricity, a politician asked him: ‘That 
was very interesting, but will it ever be 
used for anything?’. Faraday replied: ‘Sir, 
one day you will tax it’. Some results 
of basic research do get converted into 
products and processes producing a great 
deal of wealth. But the support to basic 
research in India cannot be based on such 
possibilities. 

Basic research is needed in Indian 
Universities to improve the quality of 
teaching. A teacher who is also doing 
research is much more in touch with the 
latest developments in his subject. Basic 
research is needed in national laboratories 
to support applied research and technol¬ 
ogy development and to attract the best 
intellects. In both the Manhattan Project 
and the Pokharan PNE Experiment 
Project, there was need for basic research 
scientists. The gaps in advanced applied 
research and technology development 
efforts can often be filled only by the 
expertise and knowledge available with 
basic research scientists. 

International interactions and 
flow of information 

Success in basic research at the interna¬ 
tional level is a matter of national pride. 
Applied research scientists and technology 
developers, though they create national 
wealth, are unfortunately less visible. 

The national psyche needs eminent 
scientists like C. V. Raman, Srinivasa 
Ramanujan, M. N. Saha, S. N. Bose, 
Hargobind Khorana and S. Chandrasekhar 
to make us feel proud. But these are 
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basic research scientists. So was H. J. 
Bhabha, who transformed himself from 
a basic research scientist to a science 
manager. 

There is another important aspect of 
basic research which is very relevant to 
Indian interests. The flow of information 
is free in the international basic research 
community and this is the knowledge that 
could form the basis for future technology 
development. Information flow gets 
restricted when you come to applied re¬ 
search and is totally blocked, unless you 
pay for intellectual property rights, once 
technology development is complete. In 
the field of crystallography, for example, 
with which I am familiar, a great deal 


of information on drug design is freely 
available in the basic research community 
and could be profitably used by the Indian 
pharmaceutical industry for its own tech¬ 
nology development. 

It may appear a contradiction of sorts 
but it is a fact that the latest technologies 
are needed for basic research and are, 
therefore, often first developed in large 
basic research laboratories. It is in India’s 
interest to participate in international 
mega-projects in science. 

Conclusion 

Basic research is, of course, the foun¬ 
tainhead of ideas for technology develop¬ 


ment. The applied research edifice in 
India today is weak, except in mission- 
oriented agencies. Its growth in the future 
will be sustained by building a strong 
basic research foundation now. Otherwise, 
we run the risk of stifling our future S & 
T agenda. Of course, the S & T community 
must have a commitment to indigenous 
technology development. And the nation 
and its political system must have faith in 
the scientists. As Frederick Seitz once said: 
‘The advance of science requires money 
given with appreciation and wisdom.’ 


R. Chidambaram is in Anushakti Bhavan, 
Chhatrapati Shivaji Marg, Bombay 
400 039y India. 


Census of India’s biodiversity: Tasks ahead 


T. iV. Khoshoo 


There are varying and often conflicting 
estimates floating around nationally and 
internationally regarding India’s biodiver¬ 
sity, particularly the number of animal 
species. Thanks to A. K. Ghosh (Direc¬ 
tor, ZSI), reliable information has been 
collated on animal species. Based on the 
current knowledge as summarized by 
Ghosh ^ Khoshoo^ and Singh^ the total 
number of living species identified in 
India so far is 126,188 (Table 1). With 
the publication of this table, speculations 
about the extent and nature of species 
richness in India should be set to rest 
till such time a formal census is under¬ 
taken. 

According to the World Conservation 
Monitoring Centre (WCMC)'^, the total 
number of species described at the global 
level so far is 1,604,000. However, this 
Centre estimates that at the global level 
there are likely to be 17,980,000 species, 
i.e. about 11 times more than the presently 
known species. The increase is likely to 
be primarily from the tropics and sub¬ 
tropics. However, a more realistic and a 
working figure for species'^ at the global 
level is around 12,250,000. 

Out of the 126,188 species described 
from India (Table 1), Monera (bacteria) 
are 850 species (0.67%), Protista 
(Protozoa only: minus their multicellular 


descendants) 2577 species (2.04%), Fungi 
23,000 species (18.23%), Animalia 74,875 
species (59.27%) and Plantae 24,886 
species (19.79%). Nearly 72% of India’s 
biowealth is constituted by fungi 
(18.23%), insects (40%) and angiosperms 
(13.50%). This tallies generally with the 
overall trend seen in tropics and sub¬ 


tropics. Although India has only 2.4% of 
the land area of the world as a whole, 
according to the present estimates, India’s 
contribution to the global biodiversity is 
around 8% species. While India stands 
seventh as far as the number of species 
contributed to agriculture (including 
animal husbandry) is concerned, qualita- 


Table 1. Number of biota in India^”^ 


Taxon 

Number of 
species 

Percentage 

Bacteria 

850 

0.67 

Algae 

2500 

2.00 

Fungi 

23,000 

18.23 

Lichens 

1600 

1.30 

Bryophyta 

2700 

2.14 

Pteridophyta 

1022 

0.80 

Gymnosperms 

64 

0.05 

Angiosperms 

17,000 

13.50 

Protozoa 

2577 

2.04 

Mollusca 

5042 

4.00 

Crustacea 

2970 

2.35 

Insecta 

50,717 

40.00 

Other invertebrates 

11,252 

9.00 

including hemichordata 
Protochordata 

116 

0.10 

Pisces 

2546 

2.02 

Amphibia 

204 

0.16 

Reptilia 

428 

0.34 

Aves 

1228 

1.00 

Mammalia 

372 

0.30 

Total 

126,188 

100.00 
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tively India’s contribution to agribiodiver¬ 
sity is indeed very impressive^. Among 
other species, Indian region has con¬ 
tributed zebu, mithun, chicken, water buf¬ 
falo, camel, rice, sugarcane, banana, tea, 
mango, cucumber, egg plant, citrus, jute, 
minor millets, Asiatic vignas, brassicas, 
rice bean, tree cotton, jackfruit, edible 
dioscoreas, alocasia, colocasia, amorpho- 
phallus, cardamom, black pepper, ginger, 
turmeric, vegetable amaranths, cucurbits, 
several umbellifers, bamboos, a number 
of medicinals, aromatics and ornamentals, 
etc. (Figure 1; refs. 5 and 6). Besides, 
India has also been a secondary centre 
of domestication for horse, goat, sheep, 
cattle, yak, donkey, tobacco, potato, red 
pepper, grain amaranths, maize, soyabean, 
oil palm, etc. Some of these species are 
very early introductions into India. These 
have undergone evolution in the Indian 


region and have been selected in historical 
time to meet the human needs suiting 
Indian conditions. India has also con¬ 
tributed very important genes to world 
agriculture and animal husbandry which 
have made significant difference to better 
the human welfare^. 

All the present-day crops and domes¬ 
ticated animals known today were spotted 
and initially domesticated by the so-called 
early humans (particularly women). There 
have not been any additions to the tradi¬ 
tional crop and domesticated animal 
species for the last 10,000 years. This 
shows the intuitive power of the ancient 
agriculturists for picking the right kind 
of animals and plants for domestication. 
Thereafter, modem science of genetics 
and breeding has not added any new crop 
or domesticated animal, but has no doubt 
increased their productivity beyond 


measure. However, in time to come, new 
additions are likely to be from amongst 
microorganisms for providing new 
products. They are likely to be the future 
biofactories as is the case for human 
insulin. Microorganisms have a big 
arsenal of enzymes which can perform 
varied and often weird tasks. Furthermore, 
these organisms have been performing a 
unique function from the day plants began 
to first emerge from sea and colonize 
totally sterile and barren land devoid of 
any organic matter. This was rendered 
possible on account of the mutualistic 
association between plants on the one 
hand, and bacteria and fungi on the other, 
thus helping in the uptake of nutrients 
by plants. Such mutualistic associations 
between land plants and microorganisms 
is seen in most of the fossil species of 
the then land plants colonizing the earth 
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2 
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12 
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22 
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32 
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44 
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36 
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51 Mithun 

52 Chicken 

53 Waterbuffalo 
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58 Mango 
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69 Vegtamaranths 

70 Asiatic Vignas 


Figure 1. Centres of origin and domestication of agribiodiversity (after Boyden®; modified). 
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nearly 408 to 387 million years ago. For 
instance, microscopic examination of most 
fossil plants shows ectomycorrhiza and 
endomycorrhiza. 

Taxonomists: A vanishing tribe 

At present good taxonomists are indeed 
highly endangered specialists among 
biologists, although India is among the 
very few countries to have Botanical and 
Zoological Surveys (BSI and ZSI) which 
have been rendering yeoman service 
against all odds. These Surveys in par¬ 
ticular and taxoilomists in general are 
today overshadowed by the so-called and 
more often second-rate biotechnologists 
and environmentalists. There is, however, 
no doubt that more investments (accom¬ 
panied by strict accountability) have to 
be made in genetics, breeding, biotech¬ 
nology, and pharmaceutical sciences for 
gene and drug prospecting and product 
development. But the country has to real¬ 
ize that all wisdom begins by calling all 
living (including humans) and nonliving 
things by their proper names. This makes 
the role of taxonomists most important 
for all development involving biologicals. 

Up to early 1980s, Indians have made 
world-class contributions in modem 
taxonomy, biosystematics, experimental 
taxonomy, circumscription of gene pools 
and the allied applied aspects. From this 
work a large number of products (by 
way of new cultivars) were developed 
which helped the country in food 
self-sufficiency and better varieties in 
horticulture and floriculture and economic 
animals. Such contributions emerged from 
some universities in general, but princi¬ 
pally from some of the laboratories under 
the Indian Council of Agricultural 
Research (ICAR) and the National Botani¬ 
cal Research Institute under the aegies 
of the Council of Scientific and Industrial 
Research (CSIR). 

Apart from taxonomists, a large number 
of persons in different trades use 
taxonomic and floristic information in 
their work. These are: teachers from 
primary to adult, to college and to univer¬ 
sity level for purposes of education in 
biology, land-use managers, environmen¬ 
tal surveyors, geneticists and breeders, 
biotechnologists, biochemists, micro¬ 
biologists, pathologists, anatomists, 
palynologists, embryologists, physio¬ 
logists, pollination biologists, seed 
laboratories, nurserymen, forest managers. 


silviculturists, weed and pest control 
specialists, fertilizer manufacturers, food 
quality controllers, agricultural consultants 
and extension workers, animal feed com¬ 
panies, indigenous medical herbalists 
using natural medicine, pharmacognostical 
and pharmaceutical researchers, dmg com¬ 
panies, natural dye specialists, der¬ 
matologists, toxicologists, allergy 
specialists, forensic science specialists, 
ecologists, environmentalists, mining 
engineers, real-estate appraisers, 
municipal and regional planners, recrea¬ 
tion planners and managers, sports-field 
managers, landscapists, architects, civil 
engineers, interior designers, water-way 
managers, flood control engineers, 
craftsmen, custom officials, border and 
enforcement agencies, lawyers, mathe¬ 
maticians, computer scientists and a host 
of other specialists^. 

The kind of information needed for 
basic biological, agricultural, biotech¬ 
nological and pharmaceutical research is: 
correct identification and accurate naming, 
reference, systematic relationship, infor¬ 
mation on intraspecific variation, cul¬ 
tivars, hybrid^ size of population, 
host-parasite relationship, phenology, 
economic factors, variation, distribution, 
habitat preference, protection status, etc. 
This involves many disciplines like 
anatomy, chenndstry, embryology, palyno- 
logy, cytology/cytogenetics, crossability, 
genetics, ecology, evolutionary biology, 
molecular biology, population biology, 
size of gene pool, etc. Such information 
need not be generated for all the species, 
but for those that are related to 
agribiodiversity and drug industry. Fur¬ 
thermore, conservation biology is becom¬ 
ing a very important field of study and 
taxonomy is the first and foremost input 
into this emerging discipline. 

Biology at molecular and cellular levels 
has to be funded, particularly because in 
India there are some outstanding per¬ 
formers at two or three centres in the 
country. India has a major stake in this 
area so as to acquire bargaining power 
while buying and selling biotechnology 
and its products. However, the general 
clan of biotechnologists is not likely to 
make any worthwhile contribution in the 
foreseeable future despite heavy invest¬ 
ments. This is clear from a critical apprai¬ 
sal of the work done so far with hot 
much on the horizon. However, biology 
at a grosser level poses equally interesting 
problems which are likely to be of 


immediate benefit to science and society. 
Bawa^ has rightly concluded that in India 
world-class work has been done in the 
past and can be done in future also in 
such areas involving much less fiscal 
inputs but with equal if not greater utility. 

Partly, the decline in taxonomy is the 
result of apathy of the biologists them¬ 
selves, who have willingly taken to the 
bandwagon of second-rate environmental 
and biotechnological work. Then followed 
the increasingly lower priority given to 
taxonomy and allied subjects not only by 
the Ministry of Environment and Forests 
(MoEF) but also by the University Grants 
Commission, CSIR and ICAR, Depart¬ 
ment of Science and Technology (DST), 
etc. According to Father C. Saldanha, 
taxonomy is unfortunately now regarded 
as ‘tax-on-me’. Such an image of this 
subject must change at the earliest. 

In USA, thanks to the Systematics 
Agenda 2000 (SA 2000)^, taxonomy has 
got a shot-in-the-arm and is poised to 
become a money-spinner. Proper iden¬ 
tification of taxa is of fundamental impor¬ 
tance and is going to be a lucrative 
business on account of tremendous stress 
on biological products. 

SA 2000 is an important study which 
involved three American Societies of 
taxonomists and systematists supported 
by the US National Science Foundation. 
Initially, they resolved themselves in 27 
Standing Committees involving over 300 
scientists representing a broad array of 
institutions and specialities. Their reports 
were reviewed critically both nationally 
and internationally. The result was iden¬ 
tification of three interrelated missions: 
namely, (1) to discover, describe and 
inventorize global species diversity (i.e. 
discovering biological diversity); (2) to 
analyse and synthesize the information 
derived from this global discovery effort 
into a predictive classification system that 
reflects the history of life (i.e. under¬ 
standing biological diversity); and (3) to 
organize the information derived from 
this global programme in an efficiently 
retrievable form that meets the needs of 
science and society (i.e. managing sys¬ 
tematic knowledge). 

The value of the study lies in the use 
of biodiversity for human health, medicine 
and pharmaceuticals, agriculture, genetic 
resources, forestry, fisheries, species 
economics, understanding and conserving 
earth’s life support system, enhancement 
of quality of everyday life and scientific 
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research base, etc. In short, this effort is 
an initiative to discover, describe and 
classify the biota of the world. 

In India, special attention has also to 
be paid to the marine biodiversity, inclu¬ 
ding mangroves. Let us not forget that 
our country has been endowed with a 
long coastline and an extended economic 
zone (EEZ) which is nearly as large in 
area as the country itself. We know almost 
next to nothing about this treasure trove. 

It is high time that Indian authorities 
(especially DST and MoEF) consider 
bringing together a group of informed 
biologists to do some deep introspection 
and chalk out a strategy to halt the decline 
in taxonomy, and revitalize the subject 
so as to meet the newer and unforeseen 
challenges of the future. - 

Biological Survey of India 

Another task that merits attention of such 
a committee is to bring together BSI and 
ZSI into one connected whole, as Biologi¬ 
cal or Ecological Survey of India, where 
botanists, zoologists, ecologists, conser¬ 
vation biologists and others using the 
most modern tools and skills, including 
space science, bring out a consolidated 
picture about Indian biota, their distribu¬ 
tion, composition, endemism, rarity, ex¬ 
tent and nature of bioenrichment/ 
biodepletion, early warning signals and 
‘hot spots’ of the Indian biota in space 
and time. Furthermore, based on their 
study, they establish trends so that mean¬ 
ingful action can be planned for an overall 
ecological restoration in general, and res¬ 
toration of endangered species in par¬ 
ticular. Gone • is the time when the 


members of the five kingdoms (Monera, 
Protista, Fungi, Animalia and Plantae) 
occupying a common habitat and existing 
as in interacting system are treated as 
bits and pieces. One cannot delink a 
flowering plant from its pollinator or 
mycorrhiza, a carnivore from its prey, a 
herbivore from herbage that it eats, above 
all different biota from their common 
habitat, and numerous other associations. 
There is a need to understand processes 
like mutualism, co-adaptation, co-evolu¬ 
tion, predation/parasitism and competition, 
and speciation together with fundamental 
processes of mutation, recombination and 
natural selection leading to survival of 
the fittest. Equally important are the 
ecological processes and the role of people 
living harmoniously in an ecosystem, and 
especially the lessons to be learnt from 
such associations. 

This does not mean that there is a 
need to disband the staff of the Surveys, 
but the need is to revitalize and establish 
a cadre of taxonomists who look at all 
biota in a given habitat as an interacting, 
interconnected, interrelated, interdepen¬ 
dent and holistic system rather than as 
isolated bits and pieces. This would need 
creating a new brand of dedicated 
taxonomists who do not look at plants, 
animals and microorganisms with a dry 
lens and a dry mind, but as ecologic and 
economic entities. There will have to be 
specially designed and designated training 
centres. This has to be done even if it 
requires the advice and help of foreign 
experts and agencies. In time to come, 
enormous gains would accrue out of this 
exercise. Advanced genetics, breeding, 
biotechnology and pharmaceutical scien¬ 


ces have to be backed by advanced 
taxonomy, both classical and experi¬ 
mental. 
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SCIENTIFIC CORRESPONDENCE 


Record of opal phytoliths and associated palynofossils from Indian 
crude oils 


Opal phytoliths are recorded from the 
crude oils along with palynofossils. These 
indicate the Paleogene source for the 
Bassein crude oils of the Bombay offshore 
area. The phytoliths, the associated 
palynofossils and dominant humic organic 
matter suggest a terrestrial origin for the 
crude oils. 


Five new phytoliths are recorded and 
described. They are grouped as oval, tri¬ 
angular, ellipsoidal, circular and polygonal 
phytoliths. 

The study of crude oils is an effective 
tool to determine the age of source rock 
and source organics of these oils. It is 
termed as oil palynology. Different types 


of spores, cellular structures, cuticular 
structures and wood fragments have been 
extracted earlier from the crude oils of 
Digboi field of Assam, India, to find out 
the source of the oils*. Panicoid and 
elongate type of phytoliths have been 
recorded from the subsurface sediments 
of North Bassein Well No. A, Bombay 
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offshore area, and the historical back¬ 
ground of phytolitharians has been dis¬ 
cussed^. Microfossils have been extracted 
from the nine crude oils of Jurassic, 
Triassic and Permian reservoirs in 
Australia to explain the controversy of 
Permian/Jurassic origin of oil. Crude oil 
studies have demonstrated that the oils 
were derived from the Jurassic source 
and not from a Permian source^. The 
presence of the spore and pollen assem¬ 
blages in hydrocarbons from southern 
Israel indicates a common generation and 
migration in all the sampled oils"^. It is 
concluded that the study of crude oils 
plays an important role in investigating 
the age of source rock and the time of 
migration of the hydrocarbons. The 
palynological assemblages have also been 
recorded from the crude oils of the buried 
hills of China^. They discussed the dating 
of the source bed, oil and gas migration 
and oil source in the paper. 

Kolbe^ suggests that the better oil sour¬ 
ces have better number of fossils in the 
crude oil and vice versa. 

The opal phytoliths and other 
palynofossils were recorded from three 
crude oils. The cmde oils A, B and C 
were obtained from BA-A, BA-B and 
BA-C wells, respectively. The wells are 
located on south Bassein stmcture of the 
Bombay offshore area (Figure 1). The 
crude oils were diluted by using suitable 
solvents. Then the residual matter was 
recovered by sieving the solution through 
a 8-10 fim sieve. The solution was again 
centrifuged on higher RPM for the 
recovery of macerate. The solvents used 
were: xylene (hot/cold), chloroform, 
petroleum’ ether and absolute alcohol. The 
recovery of the macerate was meagre. 
Permanent slides were prepared by the 
usual palynological technique and exa¬ 
mined under the Leitz microscope using 
oil immersion objectives. 

The main objective of the study was 
to record phytoliths; however, it also 
yielded palynofossils, organic matter and 
other organic remains. The slides are 
deposited in the repository of Palynology 
Laboratory, KDMIPE, ONGC Ltd., Deh- 
radun, numbered as IPE/PALY/93/ 
OILA(l-3), OILB(14), OILC(l-5). 

Phytoliths are the silicified casts of 
epidermal cells of terrestrial plants, mainly 
grasses®’^. Indian com produces several 
morphotypes of panicoid and elongate 
phytoliths^. Subsequently, these micro¬ 
scopic bodies of opaline silica, are seen 
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in seeds, fmits and bracts of many families 
of angiospermous higher plants of tropical 
climate. The role of phytoliths is increas¬ 
ing tremendously for providing an inde¬ 
pendent source of palaeoecological inter¬ 


pretation. They have limited biostrati- 
graphic values^’ 

The nomenclature of the phytoliths is 
unsettled; however, five classes have been 
proposed in the literature'*’They are 



Figure 1. a, Index map of Bombay offshore area, India, showing the 
South Bassein Structure, h. South Bassein Structure showing well 
locations BA-A, BA-B and BA-C, from where crude oils were studied. 

Table 1. Distribution of phytoliths and palynofossils in the crude 
oil A, B and C of Bombay offshore area 

Phytoliths and 
associated palynofossils 

Crude oil 

A . B 

c 

Panicoid phytolith 

4- 


Oval phytolith 

+ 

+ 

Triangular phytolith 

+ 


Elliposidal phytolith 

+ + 

+ 

Circular phytolith 

+ 

+ 

Polygonal phytolith 


+ 

Fungal spore 

+ + 


Trilete spore 

+ + 

+ 

Proteacidites sp. 

+ 


Polyvestibulopollenites sp. 

+ 


Palmaepollenites sp. 

+ + 


Humic organic matter 

+ + 

+ 

Collenchymatous plant cells 

+ + 

+ 

Sclereids with projections 

+ 


Lignified trichomes 

+ 



CURRENT SCIENCE, VOL. 69, NO. 1,10 JULY 1995 




SCIENTIFIC CORRESPONDENCE 



CURRENT SCIENCE, VOL. 69. NO. 1,10 JULY 1995 


Figure 2. Explanation ol photomicrographs. All are x 800 magnified. I, 2, trilete spore, crude oil B (1) and A (2); 3. fungal spore, crude oil 
A; 4, ralinaepoilenites sp., crude oil A; 5, Polyvestibulopollenites sp., crude oil A; 6, Proteatidiles up., crude oil A; 7, 12 oval phylolilh 
crude oil A (7) and C (12J; 8, 11, 13, circular phytolith, crude oil A (8) and C (II, 13); 10, triangular phytolith, crude oil’ A; 14, 15 26’ 
polygonal phytolith, crude oil B (14) and C (15, 26); 19, 20, 23-25, ellipsoidal phytolith, crude oil A (9), B (16, 19) and C (20, 23-25)- 17* 
21, panicoid phytolith, crude oil A; 18, 22, 27, 28, collenchymatous plant cells, crude oil C (18), A (22, 27) and B (28)- 29 sclereids with 
projections, crude oil A; 30, lignified trichomes, crude oil A. 
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grouped as follows: (1) festucoid, (2) 
chloridoid, (3) panicoid, (4) elongate, (5) 
agrostoid and (6) nardoid. Out of these 
six phytoliths only panicoid-type were 
observed in the present study. The dis¬ 
tribution of phytoliths and the associated 
palynofossils is shown in Table 1. Five 
new types of phytoliths and the panicoid 
phytolith are illustrated in Figure 2. A 
brief morphological description of these 
new groups of phytoliths and their occur¬ 
rence is presented below. 

Oval phytolith (Figure 2, Plates 7, 12). 
Description: shape oval; inner body thick, 
prominent and having size 12.5 fim; 1.3 
jim long spinous projections at the 
periphery; outer opaline surface 2.5 |im 
and the overall size 16-22.5 \m. Occur¬ 
rence: crude oils A and C. 

Triangular phytolith (Figure 2, Plate 
10). Description: shape triangular; inner 
body prominent having maximum length 
34 pm; 4-5 small projections of about 
0,5 pm at the periphery of the inner body; 
outer opaline surface smooth and 2 pm 
thick; overall longer side 36 pm and 
smaller side 25 pm. Occurrence: crude 
oil A. 

Ellipsoidal phytolith (Figure 2, Plates 
9, 16, 19, 20, 23-25). Description: shape 
ellipsoidal; inner body prominent and 
ranging in size from 20 to 75 pm; 
numerous projections of 2.5-3.8 pm size 
seen at the periphery and on the surface 
of the inner body; outer opaline surface 
smooth and the overall size 31-80 pm. 
Occurrence: crude oils A, B and C, 

Circular phytolith (Figure 2, Plates 8, 
11, 13). Description: shape more or less 
circular; inner body thick and prominent 
size 18 pm; 8-22 small-sized projections 
of about 0.5 pm protruding from the 
peripheral surface of the inner body; outer 
opaline surface smooth and ranging in 
size from 22.5 to 25 pm. Occurrence: 
crude oils A and C. 

Polygonal phytolith (Figure 2, Plates 
14, 15, 26). Description: It has 5-6 sides 
in the outer surface. Inner body thick 
and prominent; maximum size of the 
inner body in the range 20-37 pm; 10-16 
projections of 1-3.5 pm size seen at the 
peripheiy of the inner body of phytoliths; 


the two sides of the outer surface at 
junction are projecting; overall size inclu¬ 
ding projections is in the range of 29- 
45 pm. Occurrence: crude oils B and C. 

Palynofossils. Palynofossils are docu¬ 
mented from cmde oil. The distribution 
is shown in Table 1 and illustrated in 
Figure 2. Trilete spore (Plate 1, 2); 
Proteacidites sp. (Plate 6); Polyves- 
tibulopollenites sp. (Plate 5); Palmaepol- 
lenites sp. (Plate 4); furigal spore 
(Plate 3). 

Organic matter. Humic organic matter 
is present in all the three crude oils. It 
has not been illustrated. 

Other assemblages. Collenchymatous 
plant cells, common (Figure 2, Plates 18, 
22, 27, 28); sclereids with projections, 
rare (Plate 29) and lignified trichomes, 
rare (Plate 30). For distribution see 
Table 1. 

The assemblages of phytoliths and 
palynofossils are diversified in crude oils 
A and C as compared to crude oil B 
(Table 1). A common to good percentage 
(30%) of phytoliths in crude oils indicates 
probably one genesis for these studied 
crude oils. The organic matter yield is 
dominated by humic facies (40%). The 
frequency and diversity of palynofossil 
is comparatively low (15%). The presence 
of palynofossils Proteacidites sp., 
Polyvestibulopollenites sp. and Pal- 
maepollenites sp. suggests that cmde oils 
are derived from Paleogene source rocks 
of terrestrial nature, which are mainly 
shales. It indicates a wide age range. The 
dating is tentative due to the paucity of 
data. Other assemblages constitute 5% 
and organic matter of sapropelic nature 
is about 10%. The main reservoir rock 
in the basin is the limestone of the 
Miocene age. The constituents in the cmde 
oils are dominated by phytoliths and 
humic organic matter and show rare 
occurrence of other palynofossils. 

The study is based on the occurrence 
of phytoliths and palynofossil assemblage. 
About thirty per cent of variously shaped 
opal phytoliths are recorded in the crude 
oils of the three wells, indicating terrestrial 
origin for all the three cmde oils. The 
combined presence of the opal phytolith. 


humic organic matter, palynofossils and 
other terrestrial forms shows that the crude 
oils A, B, and C are terrestrially sourced 
of Palaeogene age. 

Five new groups of phytoliths, viz. 
oval, triangular, ellipsoidal, circular and 
pentagonal phytoliths, were recorded from 
the crude oils of Bombay Offshore Basin, 
India. 
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Massif-type anorthosite near Ayialur, Dindigul, Anna District, 
Tamil Nadu, South India 


A new anorthosite mass is found as dif¬ 
ferentiated massif pluton near Ayialur, 
Dindigul Anna District, Tamil Nadu 
(longitude between 78“6' and 78“9' and 
latitude between 10°32' and 10“350. The 
massif-type anorthosite mass shows fine¬ 
grained border gabbroic facies to coarse¬ 
grained anorthosite core through medium¬ 
grained gabbroic anorthosite and anor- 
thositic gabbros. The anorthosite mass ex¬ 
hibits foliated fabric in marginal zones with 
even-grained, granular fabric in core. 11- 
meno-magnetite-pryoxenite rocks occur as 
thin layers in association with anorthosites. 

The area is composed of metasediments 
including metaquartzite, quartz schists, 
biotite gneiss, amphibolites and calc 
gneisses. The trends of metasediments 
reveal two generations of folds with E-W 
axial trend plunging to the west and 
NNE~SSW trend plunging to the north. 

The anorthosite massif-type body found 
emplaced as a dome-like mass occupies 
the antiformal cross-folded structure in 
the midst of quartzites. It is encircled 
and caped by metaquartzites and quartz 
schists. The quartzites trend in ENE- 
WSW through NE-SW to NW-SE direc¬ 
tions, indicating two periods of folding 
generated in the area. 


Table 1. Estimated modal composition of the anorthosites and related rocks 



Anorthosite 

Gabbroic 

anorthosite 

Anorthositic 

gabbro 

Fine grained 
gabbro 

Plagioclase (labradorite) 

95.00 

78.00 

65.00 

55.00 

Hornblende 

3.50 

16.50 

25.00 

30.00 

Diopside (relict and discrete phases) 

— 

3.20 

6.50 

10.50 

Ores (magnetite, ilmenite) 

1.50 

2.30 

3.50 

4.50 


100.00 

100.00 

100.00 

100.00 


to fine-grained leucocratic to melanocratic 
rocks. Anorthosite is chiefly composed 
of labradorite with subordinate horn¬ 
blende. Gabbroic anorthosite and fine¬ 
grained gabbro contain diopsidic 
pyroxene. Common accessories are opa¬ 
ques (magnetite + ilmenite) and zircon. 
There is a general variation in the relative 
proportion of mafics and felsics from 
anothosites to gabbros. 

The estimated modal compositions of 
the anorthosites and related rocks are 
shown in Table 1. The data show a close 
agreement with Buddington’s classifica¬ 
tion of anorthositic rocks of Adirondack’ 
and Kadavur anorthosites^. 


NY State Mus. Sci. Serv. Mem., New York, 
1968, vol. 18, pp. 215-231. 

2. Subramaniam, A. P., GeoL Mag., 1956, 93, 
287-301. 
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Anorthosites and related rocks are coarse- 
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A technique for axenic culture of Puccinia romagnoliana - A potential 
bioherbicide for purple nutsedge 


Purple nutsedge (Cyperus rotundas L.) is 
the most troublesome weed in all agricul¬ 
tural production areas of the world having 
a large vegetative growth capacity through 
underground tubers. None of the control 
measures available against this weed are 
efficient as well as economical. A mst 
caused by Puccinia romagnoliana Maire 
and Sacc. has been reported for its pos¬ 


sible use as biocontrol agent of the nuts¬ 
edge’. Observations with this rust showed 
significant reduction in tuber number and 
tuber weight by 34 and 83%, respec- 
tivelyl However, rust being an obligate 
pathogen, success of developing it into 
biological control agent depends on many 
factors, the foremost being the ability to 
produce abundant inoculum for storage 


and application in the field. Keeping this 
in view, an attempt was made to develop 
axenic culture of P. romagnoliana. Dif¬ 
ferent culture media were tested and for 
the first time a technique has been 
developed to culture this rust on artificial 
growth medium. 

The leaves of C. rotundas were inocu¬ 
lated with rust uredospore suspension. 
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Figure la~c. a, Axenic culture of P. romagnoliana on supplemented MS medium; b, 
CWamydospore formation of P. romagnoliana in culture (225 x); c. Necrotic lesions development 
on C rotundas leaves after artificial inoculation with chlamydospores of P. romagnoliana. 

Table 1. Effect* of temperature on mycelial growth and 
chlamydospore formation of P. romagnoliana 


Tempe¬ 

rature 

(“C) 

Initiation of 

Colony 

diameter 

after 

19 days 
(cm) 

Maximum 

sporulation 

(days) 

Mycelial 

growth 

(days) 

Chlamydo¬ 
spore formation 
(days) 

20 

3 

4 

6.2 

22 

25 

2 

3 

5.7 

14 

30 

2 

4 

5.2 

18 

35 

2 

4 

0.4 

9 


covered with wet polythene bags for 48 h 
to provide high relative humidity and 
incubated at room temperature (approx. 
SO^C). Olive brown necrotic, nonsporulat- 
ing lesions were seen to develop in 15-20 
days. These lesions were cut into small 
bits 5-10 mm, surface-sterilized with 
0.1% HgCl 2 for 2 min, rinsed thrice with 
sterilized water and plated on MS basal 
medium^ (pH 5.8) in petri plates. The 
medium was supplemented with 2 ppm 
2,4-D and 0.5 ppm kinetin. The plates 
were incubated at 26 ± TC. The mycelial 
growth started in 48 h. A thick stroma 
of fungus developed on the medium in 
5-6 days (Figure 1 a). The colony was 
white in colour, raised and wrinkled and 
did not penetrate the medium. The 
cleavage of protoplast and formation of 
chlamydospores started after 3 days and 
abundant spores were formed in 10-15 
days (Figure 1 b). The chlamydospores 
were initially hyaline, thin-walled but 
became dark brown and thick-walled in 
25-30 days. 

Fungus growth and spore formation 
were studied at different temperatures, 
viz. 20, 25, 30 and 35“C. Four mm 
diameter mycelial discs of 10-day-old cul¬ 
ture were plated on supplemented MS- 
basal medium in petri plates and incubated 
at different temperatures. Maximum 
mycelial growth was at 20‘'C (Table 1), 
whereas at 35“C it was negligible. 
Chlamydospore formation started after 3 
days of incubation at 25°C and after 4 
days at other temperatures. Maximum 
spores, per unit area of mycelial mat, 
were formed after 14 days at 25'’C; 
although at 35“C it was after 9 days, the 
mycelial growth forming chlamydospores 
was very scanty at-this temperature. 

Plants of C. rotundas were artificially 
inoculated with the chlamydospores ob¬ 
tained in culture. The leaves were rubbed 
with a wet cotton swab to remove the 
wax layer, sprayed with chlamydospore 
suspension, covered with wet polythene 
bags for 48 h and incubated in isolation 
under natural conditions (temperature 
approx. 30“C). Yellow necrotic spots 
started appearing after 15-20 days which 
later turned dark brown and necrotic (Fig¬ 
ure 1 c). These symptoms were similar 
to the ones from which the fungus was 
originally isolated and were also observed 
in naturally infected plants in the field. 
Reisolations from these spots yielded the 
same fungus. P. romagnoliana signifi¬ 
cantly reduced the growth of C. rotundas. 
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With the development of axenic culture 
of P. romagnoliana on hormone-supple¬ 
mented MS medium, one major obstacle 
in its development as a biocontrol agent 
against purple nutsedge has been over¬ 
come. Although mycelial growth and 
sporulation are better at 20 and 35“C, 
respectively, the objective of this study 
was to obtain maximum sporulation in 
minimum time. For this, 25°C is the 
optimum temperature. Further studies are 


needed to standardize the application tech¬ 
nology of this axenic culture. 
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Polyphenolic components of flowers of Helichrysum bracteatum 


Helichrysum bracteatum (Asteraceae) is 
a stout annual herb, naturalized in high 
altitudes. It is commonly available in the 
Nilgiris and Kodaikanal hills of south 
India^ The flowers are large, everlasting 
and appearing in golden yellow, pink and 
ivory white shades. Helichrysum species 
are rich in secondary metabolites and 
have good medicinal value^. Previous 
reports reveal that H. bracteatum contains 
lignin and aurones^’"^. There is no record 
of isolation of any other constituent. In 
view of the reported medicinal values of 
Helichrysum species, three differently 
coloured (golden yellow, pink, ivory 
white) flowers were examined for their 
polyphenolics. 

Fresh flowers of H. bracteatum var. 
bracteatum collected from the Nilgiris 
hills in south India were refluxed with 
90% boiling ethanol and concentrated 
under reduced pressure. The aqueous 
crude extract was fractionated into ben¬ 
zene, ether and ethyl acetate' solubles. 
Ether and ethyl acetate soluble fractions 
tested positive for polyphenolics. These 
fractions were mixed together, con¬ 
centrated and kept in an ice chest, where 
they gave a yellow solid, which on PC 
and TLC indicated the presence of UV- 
active compounds. Separation was carried 
out by preparative cellulose TLC^ with 
50% acetic acid as the developing solvent. 
The separated zones were eluted with hot 
methanol and the residue recrystallized 
from MeOH. The compounds charac¬ 
terized^ and the methods^ used are given 
in Table 1. 

NMR spectral data (400 MHz, 
CDGI3/CD3OD, TMS as int. std., 5, ppm) 


for the two rare flavonoids showed the 
following characteristic signals: Bractein; 
6.71 (s, 2H, H-2',60, 6.31 (s, IH, =CH-), 
6.04 (d, y=2Hz, IH, H-7), 5.98 
(d, /=2Hz, IH, H-5), 4.66 

(d, 7 = 8 Hz, 1H, anomeric glucose 
proton), 3.65-3.17 (m, 6H, other glucose 
protons); cemuoside: 7.22 (d, 7 = 2 Hz, 
IH, H-2'), 6.98 (dd, 7 = 8,2 Hz, IH, 
H-6'), 6.60 (d, 7 = 8 Hz, IH, H-50, 6.42 
(s, IH, =CH-), 6.09 (s, IH, H-7), 6.02 
(s, IH, H-5), 4.68 (d, 7 = 8 Hz, IH, 
anomeric glucose proton), 3.68-3.19 
(m, 6H, other glucose protons). A survey 
of the distribution flavonoids in 
Asteraceae reveals the predominance of 
apigenin and luteolin along with their 
7-glucosidesl The present finding of 
luteolin and its 7-glucoside is in further 


6,3',4',5'-tetrahydroxy 4-0-|3-d- 
glucopyranosylaurone 
(bractein) 

6,3',4Vtrihydroxy-4-0-p-D-gluco- 
pyranosylaurone (cemuoside) 

(E)-3,4-dihydroxy cinnamic acid 
(caffeic acid) 

6- C-P-D-glucopyranosylluteolin 
(iso-orientin) 

7- 0-p-D-gIucopyranosylluteoIin 
(I uteolin-7-O-glucoside) 


support. The co-occurrence of phenyl- 
propanoid, aurones and flavonoids in 
H. bracteatum is in agreement with the 
biogenesis of these types of compounds 
involving common precursors like 
mevalonic acid, shikimic acid and 
phenylalanine. The present study revealed 
that three morphologically similar 
varieties of H. bracteatum, differing only 
in the colour of the flower, biosynthesize 
three different flavonoid com¬ 
pounds - aurone glycosides and flavone 
in golden yellow, aurone glycosides, and 
flavone O and C-glycosides in pink and 
flavone-O-glycoside in ivory white and 
thus correspond to three chemotypes dif¬ 
ferentiated by chemical constituents. Brac¬ 
tein was screened for anti-cancer and 
anti-HIV properties with the help of 


m.p., UV, IR, ’H NMR, 
FDMS, hydrolysis 

m.p., UV, IR, ‘H NMR, 
FDMS, hydrolysis 

m.p, UV, IR, co-spot 


m.p, UV, NMR, co-spot 

m.p, UV, IR, hydrolysis, 
co-spot 

+, Present; -, Absent; m.p., Melting point. 


Table 1. Compounds isolated and characterized from the flowers of H. bracteatur. 


Compound 


Golden 

yellow Pink 


Ivory 

white 


Characterization method 


5,7,3',4'-tetrahydroxyflavone 

(luteolin) 


+ m.p., UV, IR, co-spot with 

authentic sample 
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National Institute of Health, USA. Brac- 
tein exhibited a certain amount of activity, 
but the level was not significant to warrant 
detailed study. 


1. Fyson, P. R, The Flora of South Indian 
Hill Stations, Periodical Expert Book Agen¬ 
cy, New Delhi, 1986, vol. 1, pp. 335. 

2. Bhakuni, D. S., in Advances in Medicinal 
Phytochemistry (eds Barton, D. and Ollis, 
W. D.) John Libby Co., Ltd., England, 
1986, p. 40. 

3. Kisiel, W., Planta Med., 1980, 38, 285-287. 

4. Hansal, R., Langhammer, L. and Albrecht, 
A. G., Tetrahedron Lett, 1962, 599-602. 


5. Jayaprakasam R. and Sivakumar, R., Curr. 
ScL, 1989, 58, 980-982. 

6. Nair, A. G. R. and Sivakumar, R., 
Phytochemistry, 1990, 29, 1011-1013. 

7. Mabry, T. J., Markham, K. R. and Thomas, 
M. B., Systematic Identification of Flavonoids, 
Springer-Verlag, New York, 1970. 

8. Harbome, J. B. and Mabry, T. J., The 
Flavonoids: Advances in Research, Chap¬ 
man and Hall, London, 1982. 

ACKNOWLEDGEMENTS. Our thanks are 
due to Dr Yen Narayanan and the National 
Cancer Institute, Bethesda, Maryland, USA, 
for the screening of our compound for the 
anti-cancer and anti-HIV activity and to Mr 


Mohan, Pandian Estate, Nilgiris, S. India, for 
the supply of plant material. 

R. Sivakumar* 
A. G. Ramachandran Nair 
K. P. Madhusudhanan^ 

Department of Chemistry 
Pondicherry University 
Pondicherry 605 014, India 
"^Department of Medicinal Chemistry 
Central Drug Research Institute 
Lucknow 226 001, India 
"^Present address: Salim Ali Centre for 
Ornithology and Natural History 
Kalampalayam, Coimbatore 641 010, India 


MEETINGS/SYMPOSIA/SEMINARS 


1995 Society for Industrial and Applied Mathematics (SIAM) 
Annual Meeting 

Place: Adam’s Mark Hotel 
Charlotte, North Carolina 
Date: 23-26 October 1995 

Meeting themes include: Computational science and engineering, 
Education-CSE Degree Programs, Multidisciplinary design op¬ 
timization, Computational biology, Control of large systems, 
Numerical algorithms, Numerical software. Environmental 
modelling. 

Contact: Society for Industrial and Applied Mathematics 
3600, University City Science Centre 
Philadelphia, PA 19104-2688 
Phone: 215-382-9800 
Fax: 215-386-7999 
e.mail: meeting@siam.org 


Institution of Chemists (India): Associateship Examination, 
1996 

The Associateship Examination of the Institution of Chemists 
(India) will be held in November 1996. The last date for 
registration is 30 November 1995. For further enquiries regard¬ 
ing this and for Membership: 

Contact: The Honorary Secretary 

Institution of Chemists (India) 

11/4, Dr Biresh Guha Road 
Calcutta 700 017 


Dr Vishwanath Memorial Fund Award of Gold Medal for 
Research in Modern Biology 

Nominations are invited by the Dr Vishwanath Memorial Foun¬ 
dation for the gold medal award in 1995 for the best research 
work carried out in the area of modem biology (basic biomedical 
research) by the scientists working in the Indian institutions, 
universities, etc. Nominations may be made by Heads of in¬ 
stitutions and universities, scientists and individuals accompanied 
with a biodata and a list of publications be sent to the following 
address before 31 July 1995. 

Dr P. D. Gupta 

Centre for Cellular & Molecular Biology 
Uppal Road, Hyderabad 500 007 
Fax: 040- 671195 
e.mail: pdgupta@ccmb.uunet.in 

Formation of the International Society for Quality of life 

Newly formed professional organization proposes to promote 
the exchange of information about quality of life and its 
investigation throughout the world. The Society offers an exciting 
new opportunity for collaboration, exchange of ideas, collegiality, 
etc. Membership is available to any individual who shares 
objectives of the Society. For further information 


Contact: Riverwood Association office 
Phone: 206. 989. 9025 
Fax: 206. 616. 3135 
e.mail: darian@uu.Washington.edu 
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Reviving experimental physics in the 
universities - The lUC initiative 


S. Ramaseshan 


There is widespread concern about the state and future of science in the universities — witness 
the recent presentation and discussion of the National Science University (NSU) proposal in 
these pages. One of the measures taken by the University Grants Commission (UGC) to provide 
improved opportunities for research level work in the university sector is the creation of several 
Inter-University Centres where unique facilities are shared by workers from all over the country. 
The Inter-University Centre for Astronomy and Astrophysics (lUCAA) is an example and a brief 
report by J. V. Narlikar appeared in Current Science some time ago (1993, 65, 730). The 
author of this article recently visited the Inter-University Centre for DAE facilities (lUC-DAEF) 
located on the university campus in Indore and was struck, as many others before him have 
been, by the many unique features of this institution, where a serious effort is being made to 
revive first-rate experimental condensed-matter physics in the universities, in a quiet, low-key, 
low-publicity style. The following sections on the origin of this institution and its facilities and 
activities have been compiled based on detailed information kindly provided by the staff at 
lUC-DAEF. 


Origin of lUC-DAEF 

It is undeniable that experimental research in physics 
in universities in India, barring a few notable exceptions, 
-is in very dire straits today. Condensed-matter physics 
is an area in which experimental work of reasonable 
quality can be pursued by small teams with not too 
expensive equipment. Though the majority of the existing 
universities do pursue research in condensed-matter 
physics, facilities for characterization of the materials 
prepared and for carrying out a reasonably complete 
range of experiments on materials at different tempera¬ 
tures are very often not available to most researchers. 
This means that the standard of the research as well 
as the stimulation that it offers to students and faculty 
at the university both suffer. 

On the other hand, first-rate experimental facilities 
are often established outside the university system. For 
example, DAE has built a variety of neutron 
spectrometers on the Dhruva reactor. Protons, deuterons 
and alpha particles can be accelerated to several MeV 
energies with the Variable-Energy Cyclotron in Calcutta 
(VECC). There are plans to build a superconducting 
cyclotron. The Centre for Advanced Technology (CAT) 
in Indore is developing synchrotron radiation sources 
Indus 1 and Indus 2. It was felt both in the DAE and 
outside that these frontline research facilities must be 
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available to university scientists. University scientists 
must be slowly inducted to work with scientists from 
DAE in developing different types of accelerators, beam¬ 
lines, etc. One can add that elsewhere in the world this 
kind of university participation is a rule rather than an 
exception. The Very Large Array Telescope, which in 
many senses the world’s most powerful radio telescope, 
is even run by an association of universities, and many 
accelerators like CERN have large teams of university 
researchers building and using giant detectors. 

Aims 

To improve the quality of experimental research in 
physics in universities and to provide access to the 
major DAE facilities to the researchers from universities, 
the UGC set up the Inter-University Consortium for 
DAE Facilities (lUC-DAEF) in 1990. This is an 
autonomous society fully funded by UGC. lUC-DAEF 
has three centres, at Bombay, Calcutta and Indore, the 
last one being the headquarters. 

The lUC-DAEF supports projects from university re¬ 
searchers to use the major national DAE facilities at 
BARC and VECC and also the upcoming DAE facilities 
at CAT. To make the best use of these expensive 
facilities, it is necessary to work with well-prepared and 
characterized materials and to carry out other experiments 
which will be complementary to those obtained with 
the major DAE facilities such as the neutron 
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spectrometers at BARC or cyclotron at VECC. Therefore, 
the lUC-DAEF has the task of setting up supporting 
facilities. The lUC-DAEF also participates in certain 
development projects of DAE. Periodic workshops on 
current topics of research for the benefit of young 
faculty and research scholars of universities are another 
important activity. 

Utilization of DAE facilities 

In the last four years the number of university projects 
on the Dhruva reactor at BARC has increased to 30. 
There is a steady stream of university scientists visiting 
BARC for carrying out experiments with the neutron 
spectrometers. The majority of the projects use the 
profile analysis powder diffractometer, the small-angle 
neutron scattering spectrometer, the high-Q diffractometer 
for the study of amorphous materials and the neutron 
spectrometers for magnetic studies, in that order. The 
SANS (small-angle neutron scattering) spectrometer is 
being used by chemists from different universities. The 
lUC-Bombay centre conducts each year in association 
with BARC scientists a three-week workshop in which 
about 20-25 scientists from universities and other insti¬ 
tutions participate. Two weeks are devoted to lectures 
on various aspects of neutron scattering and diffraction. 
In each workshop one aspect of neutron scattering is 
emphasized. During the discussions that follow the lec¬ 
tures and tutorials, the participants are encouraged to 
come out with ideas for projects. In the third week of 
the workshop the participants are taken to BARC so 
that they can see actual demonstrations of the different 
spectrometers. This method of generating proposals has 
proved effective. The proposals are often prepared after 
a detailed discussion between the investigator from the 
university and the scientists from BARC. Every year 
the progress in a project is reviewed at a Project review 
meeting at which all project investigators and scientists 
from the Solid-State Division of BARC are present. 
From 1992-1994 ten papers have been published in 
journals on results obtained in these projects. The number 
of presentations at the annual DAE symposium on 
solid-state physics is 20. Till recently K. R. Rao and 
P. R. Yijayaraghavan, with the cooperation of their 
colleagues in the Solid-State Physics Division of BARC, 
were looking after the administrative and scientific 
aspects of these projects. Dhananjai Pandey joined as 
the Centre Director of the lUC-Bombay Centre in the 
middle of 1994. 

In Calcutta, activities started from February 1992, 
when S. N. Chintalpudi was appointed the Centre 
Director. There are now 32 projects on the Variable- 
Energy Cyclotron, including projects in nuclear physics, 
materials science, chemistry and biology. These projects 
are also reviewed each year. Seven publications have 
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appeared in international journals and eleven papers 
have been presented at national symposia so far. Dis¬ 
cussion meetings on pre-equilibrium phenomena and 
in-beam y-ray spectroscopy have been held to evolve 
group projects. 

Starting from 1993, seven projects were sanctioned 
on the low-energy accelerators at IGCAR, Kalpakkam. 
This was done after holding a workshop on the type 
of experiments that can be done with low-energy ac¬ 
celerators. The projects were reviewed in November 
1994. Students from different universities have stayed 
for extended periods in Kalpakkam and have helped in 
setting up the various beamlines on the accelerators, 
and it is expected that useful scientific results will soon 
be forthcoming. 

lUC Indore 

The Indore Centre started in July 1990 with V. G. 
Bhide in charge and R. Srinivasan took over the Direc¬ 
torship in December 1990. This Centre, which is also 
the headquarters, has independent materials preparation 
and characterization facilities as well as supporting 
facilities of EXAFS, ESCA, soft-X-ray spectroscopy, 
transport properties and AC susceptibility measurements, 
etc. The centre is involved in developing beamlines for 
synchrotron radiation for users from universities. One 
current project is to build a beamline for photoelectron 
spectroscopy (PES) on Indus 1. The wavelength range 
in which this PES beamline will work is from 60 to 
1600 A. After an evaluation of the various types of 
gratings, mountings, etc., it was decided to use a toroidal 
grating monochromator with three interchangeable grat¬ 
ings to cover this wavelength range. To get adequate 
resolution for PES work the TGM 2600 design of Bessy 
has been chosen. The toroidal grating monochromator 
has been purchased from Jobin Yvon in France and the 
turbo and sputter ion pumps were attached to it, and 
ultra high vacuum achieved. The grating has been aligned 
and the expected resolution checked with He I and He II 
sources. The design for the mirror chambers, the laser 
alignment chambers, etc., have been made by scientists 
from lUC. These are under fabrication. It is expected 
that the entire beamline, which will be 12.1 m in length, 
will be assembled and tested by December 1995 in 
conformity with the expected time schedule of completion 
of Indus 1. To carry out some basic photoelectron 
spectroscopy experiments the lUC-DAEF has given a 
project to D. D. Sarma and M. S. Hegde of IISc, 
Bangalore, to construct a set-up consisting of a sample 
preparation chamber, sample analysis chamber, and 
analyser with provision for putting a twin X-ray anode 
and a He UV source. This spectrometer has been con¬ 
structed and is being assembled. 

With this beamline one can study the core level 
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spectroscopy of K levels of light elements, L levels of 
elements of medium atomic weight and M levels of heavy 
elements. A discussion meeting on the type of projects 
to be undertaken has been held in Indore. 

The second major project is to build a complete 
soft-X-ray system to study transmission and reflection 
of thin films at different angles of incidence. This is 
of interest from the point of view of mirror coatings 
for the synchrotron radiation source. This project is 
partially supported by DST. In this project the rotating 
magnetic seal with an aluminium anode has been impor¬ 
ted from Rigaku and the filament assembly, the vacuum 
chamber and the power supply have been built locally. 
It is designed to operate at 3 kW. The soft-X-ray con¬ 
tinuous radiation coming out of the rotating anode source 
will be monochromatized with a double crystal 
monochromator with a fixed entrance and exit slit. Such 
a monochromator operated by a single screw driven by 
a DC motor has been designed and fabricated with a 
positioning accuracy of 5 |im. The large d spacing 
crystals have been imported. The channeltron detector 
has been imported and successfully tested. The ex¬ 
perimental chamber with 0 — 20 mount is currently being 
fabricated. The whole system will be operational by 
October 1995. 

Materials preparation and characterization 

The lUC-Indore centre has set up materials preparation, 
characterization and measurement facilities listed below: 

1. An EXAFS (extended X-ray absorption fine struc¬ 
ture) spectrometer with the mechanical movements 
designed in Pune University and built by a company 
there. This is a bent-crystal Johansson-type spectrometer 
using a Si crystal. This spectrometer is mounted on one 
window of a 12 kW rotating anode X-ray generator. 
Since the generator has Cu and Co anodes, EXAFS for 
elements whose absorption edges fall in the appropriate 
wavelength range can be carried out. This instrument 
has been used to study the EXAFS of copper-containing 
organic complexes, copper-containing chalcogenide glas¬ 
ses, As-Se glasses and glassy bismuth copper oxide 
materials. Users are from universities, IITs and the IISc. 

2. A powder diffractometer mounted on the second 
window of the Rigaku rotating-anode generator. This is 
equipped for use at temperatures varying from 80 to 
1000 K and allows grain size determination, strain deter¬ 
mination, etc. This has been widely used by several 
university groups to characterize their samples. Last 
year nearly 500 diffractograms at different temperatures 
were taken for university users. 

3. An ESC A unit from VSW, UK, has been functioning 
for the last three years. This has provision for XPS 
with a twin-anode source, UPS (ultraviolet photoemission 
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spectroscopy) with He I and II light source and an 
electron gun for Auger spectroscopy. There were several 
problems with this instrument, but all the problems have 
been solved with the expertise available in Indore. This 
facility has been availed of by nearly 15 university 
users so far, mainly for core-level spectroscopy work. 
It is planned to improve the facility by providing a 
scraper unit, a variable-temperature attachment and a 
high-energy Argon ion gun for depth profiling. 

Facilities developed in-house 

, 4. A fully automated AC susceptibility set-up with 
variable temperature in the range 80-300 K and with 
provision for recording the in-phase and 90" out-of-phase 
components up to the seventh harmonic. With this, 
studies have been made on the AC susceptibility of 
sintered pellets of high-T^, materials. The set-up can be 
used to study magnetic ordering and the growth of 
harmonics close to the ordering temperature. 

5. An automated low-frequency AC conductivity set¬ 
up with a precision of 1 part in 10^ with temperature 
control to 0.1 K in the range 80-300 K. 

6. A dielectric constant and loss set-up to work in 
the temperature range 80—600 K and in the frequency 
range 10-13 MHz. This is being automated. 

7. A low-temperature resistivity set-up built on a 
closed-circuit refrigerator. The resistivity of three (metal¬ 
lic or semiconducting) samples can be measured at the 
same time with temperature controlled to 10 mK in the 
range 15-300 K. 

8. A low-temperature thermopower set-up mounted 
on a closed-circuit refrigerator and automated to operate 
between 15 and 300 K. The thermo-emf can be measured 
to a precision of 0.1 pV. A set-up for high-temperature 
thermo-emf measurement is available. A provision for 
evacuating the sample chamber and filling it with an 
inert gas needs to be made. 

9. A vibrating-reed set-up for measuring internal fric¬ 
tion and elastic constant is working and has been 
automated. 

10. An adiabatic pulse calorimeter has been set up 
and automated to work in the range 80-300 K. This 
requires samples of 0.5 g to set a good accuracy. 

Very soon the temperature range in which the above 
facilities will be operational will be extended to 4.2 K 
with cryostats fabricated by a Madras firm 
In addition, there is a ball mill, temperature-controlled 
resistive furnaces, and an arc furnace for preparation 
of samples. A thin-film coating unit is also available. 

Nearly 60 groups from various universities, IITs and 
IISc have used the facilities in the last two years. 
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Low-temperature facility 

The entire low-temperature facility for production of 
cryogens has been set up using second-hand machines 
obtained as gift from IIT, Madras, the Free University, 
Berlin, and the Max-Planck Institute for Solid-State 
Research in Stuttgart. A 25-year-old nitrogen plant 
obtained as a gift from IIT, Madras, has been installed 
and has produced in the last two years 80001 of LN^. 
An old helium plant obtained from Free University, 
Berlin, was commissioned in May 1994 and is working 
satisfactorily. The lUC has supplied liquid helium to 
NCL, Pune, twice (60 + 701). 

In Calcutta facilities have been set up for making 
targets for users of the cyclotron and many university 
groups have used these facilities. Temperature-controlled 
diffusion furnaces for making Si(Li) detectors have been 
set up and some detectors made. Their performance is 
being evaluated. Several NIM electronic modules are 
made available for users of the VECC. A Mossbauer 
spectrometer has been commissioned and is being regu¬ 
larly used by scientists from different institutions around 
Calcutta. A positron annihilation set-up and a time 
differential perturbed angular correlation set-up are being 
established with the help of several university groups. 
Laboratories for radiochemistry, general chemistry and 
toxic chemistry have been set up. Attempts to prepare 
Mossbauer and positron sources are underway. 

The three centres together have conducted nearly 30 
workshops/discussion meetings/national symposia in the 
last four years. More than 700 research scholars and 
scientists from universities and other research institutions 
drawn from most of the states of the country have 
participated in these workshops. 

Some special features 

Even the rather bald factual account of lUC-DAEF 
activities given above is impressive, given the short 
time that it has been in existence. But visitors to the 
Indore Centre quickly learnt that this is only a part of 
the story. The way in which the centre was built up 
and is being run has some special features which may 
be of wider interest. One important aspect was that 
even before the main building was complete, the first 
laboratory activities had started. The recruitment was 
carried out in a phased manner, so that everyone who 
joined had plenty of work to do. This situation prevails 
even at present, and is in healthy contrast to others, 
alas not uncommon in our country, when a large building 
and recruitment programme precedes active research. It 
^Lo appears that the administration is small in size, 
uses modem means of communication, and is charged 
with helping the scientists procure what they need with 
the minimum possible delay. The scientists themselves 
can devote up to 30% of the time to their own research, 
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which is of course a good incentive to keep the equipment 
in good condition. This is a lesson for those who would 
set up pure ‘facilities’ and appoint people to do only 
routine work. At the same time, the opposite situation 
of the facilities being all used in-house, with only lip 
service to outside users, can also arise! There seems to 
be no risk of this at lUC at present-if anything, it 
was clear that enormous effort was being put in to see 
that the university users went away with the data they 
wanted. Another important point is the presence of 
lUC’s own research students, who, like the staff, are 
enthusiastic about their work and spend long hours in 
the laboratories. Many years ago, C. V. Raman described 
some of our laboratories as ‘graveyards of scientific 
equipment’. The sight of so much equipment well main¬ 
tained and fully utilized would have warmed his heart. 
It should be mentioned that there is a strong emphasis 
on the workshop and on fabrication of many things 
in-house. The entire low-temperature facility is based 
on equipment which had been discarded elsewhere. By 
making it work, the staff at lUC have earned the right 
to ask for new equipment in a manner which is again 
not common elsewhere! 

What of the future? 

While the achievements of lUC are laudable, one should 
also utter a word of caution. By providing such ready¬ 
made facilities, one may be depriving the researcher 
from learning to do good experiments himself. In such 
a case the lUC will not be promoting the growth of 
expertise in experimental physics. Perhaps the lUC should 
think of organizing experimental courses for two to 
three weeks whereby young scientists are made to handle 
equipment and do their experiments themselves. This 
may not be easy because it would mean setting up a 
duplicate set of less expensive facilities for handling 
by the students and may cost money. But if the culture 
of doing good experiments is to grow, the UGC must 
find money for such a programme. 

The lUC with its expertise must try to involve young 
students in designing equipment and, if such designs 
are successful, it must find a way of involving small-scale 
industry in fabricating and selling such equipment. Unless 
we try to make our own equipment, Indian science will 
be captive. 

The workshops organized by lUC have generally been 
well received. lUC pays for the travel and boarding of 
the participants. Possibly due to financial constraints, 
too much is attempted to be covered in too short a 
time and enough reading material is not given to the 
participants. Also, due to lack of guest house facilities 
it has not been possible to put the participants and 
speakers together. This can hinder the development of 
interactive participation. A guest-house with a sufficient 
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number of rooms seems to be an essential requirement. 
If lUC could restrict the topics to be covered and make 
the lectures truly pedagogical, the purpose of organizing 
such workshops will be served better. 

lUC should put some effort in improving the laboratory 
curriculum of B Sc and M Sc classes. It is involved in 
one such education project which is restricted to five 
colleges of Madhya Pradesh. The project has just started. 
It will be interesting to watch how this project succeeds. 

Finally, it may not be inappropriate to caution lUC 
about the dangers of doing too many things in too short 
a time. lUC must now consolidate the gains it has 
achieved so far. The experiment of getting university 
people to work together is alien to our prevailing culture. 
Hence, one must wait for sufficient time for the idea 
to take root. Sometimes pushing an idea too fast may 
generate an adverse reaction! 


The success of any venture depends on the initiative 
and dedication of the leadership. lUC has been lucky 
in that the first two directors have shown qualities of 
dedication and purposeful action. To nurture lUC, which 
is a young plant today, into a spreading tree tomorrow 
with well-entrenched roots, great care must be taken in 
selecting the next Director of lUC-DAEF. He must be 
an experimental physicist of repute and must command 
the respect of the physics community as a whole. He 
must be deeply committed to the cause of providing 
service to the university community and to strengthening 
the bonds between the scientists of DAE and the univer¬ 
sities. He must have administrative competence and 
should keep in check the universal, ever-present tendency 
for the growth of red-tapism in any organization. It is 
to be hoped that the lUC-DAEF will be fortunate in 
having a succession of such leaders. 


Modern science and technology: The public 
perception 


V. Govindarajulu 


Positive public perception and attitude towards modem science and technology (S&T) is a vital 
link m the all-round economic, industrial and cultural development of a nation. Public hostility 
and/or indifference towards modem S&T, on the other hand, is a drag on the growth of 
economic productivity of any nation. Public policy options, as derivatives of public perceptions, 
can be the basis for formulating effective and productive development programmes. The results 
of this DELPHI study, conducted in the State of Kerala, highlights the public perceptions and 
attunes towards modem S&T, productivity and industrial development The public in the State 
of Kerala possesses a positive and desirable perception that modern S&T is the key to productivity 
and national development The results are comparable to the studies done elsewhere and, 
t erefore, universally valid. This study provides a broad spectrum of philosophical and sociological 
foundations of modem S&T and industrial development In-depth areawise, sectorwise and 
disciplinewise impact assessment studies are required before initiating large-scale investment- 
oriented S&T projects in the states and in the country. 


Science and technology (S&T), nowadays, plays a vital 
role in the daily routines of our lives. Industrial develop¬ 
ment, economic productivity and thus national prosperity 
depend much on the vital role played by S&T. Effi¬ 
ciency and productivity of our nation’s economy are 
functions of social technology of the people. Social 
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technology is the level of knowledge base, entrepreneur- 
ship and social consciousness acquired by the people, 
that continuously helps them to raise the quality output 
of goods and services per given quantum of resources 
as input. The gross domestic product (GDP) per capita 
or per capita income at any given time is the index of 
the level of social technology of the people and their 
economic productivity attained. Thus, per capita income 
of some Asian countries-in 1993, for example, Japan 
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$ 23,800, Singapore $ 10,450, Taiwan $ 8500, Malaysia 
$2160, China $ 650, India $ 340 - indicates their level 
of economic productivity, social technology, entre¬ 
preneurship, social consciousness and public perception 
and attitude towards modern S&T. Accordingly, public 
hostility and/or indifference to S&T is an insurmountable 
hurdle to nation’s economic and industrial development. 
The economics of underdevelopment and the politics of 
communalism, which sustain each other, are the char¬ 
acteristics of stagnant and/or low productive economy. 
And when they are reinforced by the hostile and/or 
indifferent public perception and attitude towards modern 
S&T, they lead the country to a negative entropic 
decline as seen nowadays. On the other hand, the 
economics of development and the politics of democratic 
secularism, which are complementary to each other, are 
the characteristics of increasing orders of productive 
economy. And when reinforced by a positive public 
perception and attitude towards modern S&T, they lead 
the country to a positive entropic growth. One could 
infer such an all-round growth in the early stages of 
many civilizations. Therefore, a positive public perception 
and attitude towards modern S&T is imperative for 
shaping more effective public policy options^ Such 
effective S&T and public policy options could make 
powerful guidelines for action plans and accelerated 
growth of national economy. 

Scope and objective 

We have initiated this research project to assess and 
map out public perceptions and attitudes towards modern 
S&T by DELPHI study in Kerala and help the develop¬ 
ment agencies in the state(s) and in the country to 
harmonize various group interests by a process of recon¬ 
ciliation, while implementing large-scale investment- 
oriented S&T projects. 

Methodology 

The methods adopted here to assess and map out the 
public perception are: DELPHI study, i.e. seeking intui¬ 
tive views of the concerned public, statistical aggregate 
analysis of the data received and cross-comparison and 
correlation with similar studies. A structured question¬ 
naire was prepared and circulated to as many as 3000 
volunteers in Kerala drawn at random and a 10% 
response was received, which is considered to be fairly 
good. 

Though many participants were from in and around 
Trivandrum district, they were the people representing 
all parts of the state and the country with wide exposure 
to world developments. Hence, the study results could 
represent the public perception of the state as well as 


of the nation. The presentation, made here in two parts, 
follows a pattern of stating general principles, followed 
by public perception and attitude as assessed, and then 
is concluded by derived public policy options as 
guidelines for future action plans. Part 1 deals with 
public perception on modern S&T and economy while 
Part 2 deals with people’s perception and attitude towards 
development issues and action plans. 

The respondents 

The public who responded to this DELPHI study were 
the volunteers with tremendous enthusiasm in the social 
function of S&T. About 88% are males and the rest 
females. The participants to this study were aged between 
20 and 60 years, of which 38% belonged to the age 
group 40-49 years, followed by 26% in the age group 
of 30-39 years, 20% in the age group of 20-29 years, 
14% in the age group of 50-59 years and 2% in the 
age group of 60 years and above. Majority of the 
respondents (56%) were postgraduates, followed by 28% 
doctoral, 10% graduates and 6% undergraduates. Cur¬ 
rently, 44% of the participants are engaged in scientific 
research, followed by 18% in engineering, 12% in 
government bureaucracy, 10% in teaching, 4% in 
management and 12% in other professions. 

Part 1: Modern S&T and economy 

Given the freedom: The choice of profession 

Given the freedom, the respondents would like to accord 
first ranking (Rl) to scientific research as choice of 
their career and profession, followed by teaching (R2), 
engineering (R3), social services (R3), journalism and 
mass communication (R4), business and industry (R5), 
so on and so forth (Table 1). It indicates the occupation 
prestige attributed by the public to different professions 
and careers. Similar trends to occupation prestige, in 
recent studies, were also attributed by the public in 
China and United States^’It indicates the universal 
nature of occupational prestige attributed by the 
public. 


Table 1. Given the freedom: choice of profession 


First five professions 

Respondents 

(%) 

Rank 

accorded 

Scientific research 

36 

1 

Teaching 

35 

2 

Engineering 

12 

3 

Social service 

12 

3 

Journalism and mass communication 

13 

4 

Business and industry 

25 

5 


30 
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World problems: Role of S&T 

World develops by a process of constant struggle, unity 
and struggle. Constant struggle and unity are the proces¬ 
ses of resolving contradictions that exist in nature, 
society and human thought, thereby raising economic 
productivity by many orders. These contradictions are 
perceived as societal problems. Recognition of such 
societal contradictions itself is half the solution. There¬ 
fore, it is heartening to see here that 88% of respondents 
to this study do recognize that the people of the world 
in general face innumerable problems. And 86% of them 
perceive that such problems do pose potential threats 
to ecology, environment and human habitat. An equal 
proportion of respondents assert that such threatening 
problems could provide ample opportunities to S&T and 
other professions in searching for feasible solutions. 

When asked to rank the groups which are capable of 
providing more feasible solutions to such threatening 
problems, the majority accorded R1 to scientists (Table 
2). It is followed by technologists (R2), engineers (R3), 
decision makers in business and industry (R4) and 
decision makers in the government (R5). 

The ordering of ranking by the public is precise, as 
scientists, as a group capable of understanding the basic 
laws that govern the development of nature, society and 
human thought, technologists, as a group capable of 
developing viable and feasible models and systems to 
advance the knowledge base to the application levels, 
engineers, as a group capable of converting these models 
and systems of knowledge base on a social scale; 
decision makers in business and industry, as a group 
of social entrepreneurs converting such a knowledge 
base into productive investment projects, and, finally, 
the decision makers in the governments to put the 
politics in the right perspective (i.e. the art and science 
of making desirable things possible) to mobilize the 
resources of states, nation and world to convert all such 
societal contradictions into socially useful productive 
opportunities. But, as the saying goes, for every economic 
problem there is a political solution. That means putting 
politics in command but on the firm understanding of 
the knowledge base. Therefore, what is needed here is a 
mix of all disciplines commencing from all directions, each 
one taking lead from strengths of its own discipline and 
merging with strong points of others at appropriate stages. 


Table 2. Groups capable of providing more feasible solutions 


Groups capable of providing 
feasible solutions 

Respondents 

(%) 

Rank 

accorded 

Scientists 

35 

1 

Technologists 

29 

2 

Engineers 

Decision makers in 

34 

3 

business and industry 

31 

4 

Decision makers in the government 

21 

5 
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S&T development: Decision by whom? 

The public has given good regard to scientists, tech¬ 
nologists and engineers. As these groups are capable of 
offering more feasible solutions to the world-threatening 
problems, the public desires scientists, technologists and 
engineers to take the first three places of responsibility 
of decision making in the process of S&T development 
(Table 3). It is also important to see that the bureaucrats 
in the governments, people in non-governmental orga¬ 
nizations (NGOs) and industries are accorded R4th, R5th 
and R6th, respectively, to hold responsibilities of decision 
making in S&T development. 

But a synthesis of roles of all the groups is necessary 
to obtain synergestic effects by striking harmony of 
interests. 

S&T: People's motives 

People’s motives towards certain disciplines are condi¬ 
tioned by certain internal urges inherent to them besides 
the opportunities for material and spiritual gains. Accor¬ 
dingly, the response here is more positive and corresponds 
to Maslow’s desirable hierarchical theory of motivation. 
About 48% of the respondents accord R1 to the dis¬ 
ciplines of S&T as they give them opportunities for 
achieving self-accomplishment (Table 4). It is followed 
by social recognition (R2), excitement (R3) and security 
and basic needs (R4). It is a surprising but desirable 
response, in the present days of crisis-ridden and pover¬ 
ty-dominant society, where the majority of the people 
are generally driven by the basic and security needs. It 
indicates people’s willingness towards self-accomplish- 
ment by advancing the knowledge base despite all-round 


Table 3. Groups to hold responsibility of decision making in 
S&T development 


Groups 

Respondents 

(%) 

Ranking 

Scientists 

54 

I 

Technologists 

48 

2 

Engineers and professionals 

44 

3 

Bureaucrats in the government 

38 

4 

Others (NGOs) 

16 

5 

Business and industrialists 

14 

6 

Note: Multiple responses accepted. 


Table 4. 

S&T and people’s 

motives 


Respondents 


Motive factors 

(%) 

Rank accorded 

Self-accomplishment 

48 

1 

Social recognition 

38 

2 

Excitement 

27 

3 

Basic needs and security 

35 

4 


31 
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backwardness and limitations. People understand that 
knowledge is the source of wealth and one should 
advance it by all means and sacrifices. Therefore, one 
has to consolidate and strengthen this urge for self¬ 
accomplishment by superimposing Herzberg’s two-factor 
hygiene theory of motivation on Maslow’s desirable 
hierarchical theory of motivation. That is achieved by 
providing a conducive work environment. And such an 
environment .will raise the economic productivity of 
people at par with that of advanced countries. 

S&Tprogress: Does it benefit modern life? 

Four decades back a vast majority of people in the 
country, particularly in the rural areas, were ignorant, 
suspicious and even hostile to modern S&T. One could 
recall such suspicions and hostilities, by the rural folk, 
towards vaccination to small pox. But today the scene 
is the reverse. Growth in literacy and awareness through 
mass media and cultural exchanges by travel and tourism 
have made all such desirable changes possible. 

Accordingly, an overwhelming majority (98%) of the 
respondents here agree that S&T progress has immensely 
benefited the mankind and modern life. However, 56% 
of the respondents assert that such benefits extended to 
the whole cross-sections of the society, while 44% assert 
that it covered certain pockets only. Over 54% of the 
participants to this study assert that S&T progress has 
brought more of good impacts on society while 40% 
assert that there are both good and harmful impacts in 
equal proportions and 6% express nil opinion. Fortu¬ 
nately, none of the respondents attribute the occurrence 
of harmful societal impacts to S&T progress alone. 
Hence, the need for consolidating good impacts by 
weeding out bad ones by proper technology assessment 
and technology forecasting exercises and mass awareness 
campaigns. It should also be ensured that the good 
impacts spread to the whole spectrum of society benefit¬ 
ing one and all. 

Societal benefits: The direct derivatives of S&T 
efforts 

People’s perception and attitude towards modern S&T 
is conditioned by their direct experiences with the modern 
amenities. Thus, public perception of societal benefits, 
as direct results of S&T efforts, is more realistic and 
positive (Table 5). About 70-80% respondents attribute 
to modem medical aids, better transportation and com¬ 
munication network, electrical domestic appliances and 
family planning and child birth control devices as societal 
benefits derived directly from the results of S&T efforts. 
About 50-60% respondents assert that better educational 
facilities, urban public utilities, declined infant mortality 
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and better food preservation methods are other societal 
benefits. And 40-50% view that extended life expectancy 
and modern methods of recreation are direct societal 
benefits due to S&T progress. This is an index of 
people’s priorities to life-styles and systems, which 
deserve more attention. Raise in the people’s per capita 
income can enhance the demand for such modern 
amenities much beyond the present level. Accordingly, 
cost-effective and more productive technologies are 
needed to produce such quality amenities at competitive 
prices. 

Societal harmful effects: Inherent or by-product of 
S&T? 

Societal harmful effects, in some cases, are both inherent 
and by-product of S&T. The first-generation tech¬ 
nologies, which were energy-inefficient, exhibited both 
the characteristics. They get intensified when disregard 
is given to public safety under the presumption that 
they do not add to the benefits. But they can be 
overcome by the present-generation technologies when 
a balance is struck between social costs and social 
benefits. Thus, the public expresses its concern and 
alarm over the present-day harmful societal effects 
derived as direct results of S&T efforts (Table 6). About 
60-80% of the respondents assert that arms race, 
militarization of industrial economy and environmental 
pollution and ecological imbalances are the societal 
harmful effects resulting directly from S&T progress. 
Another 40-60% respondents attribute the abuse of 
pesticides, insecticides and chemical fertilizers and exces¬ 
sive dependence on medicines and abuse of drugs as 


Table 5. Social benefits as direct results of S&T efforts 


Societal benefits as direct results 
of S&T 

Respondents (%) 
attributing 

Modem medical aids 

82 

Better transport and communication 
network 

78 

Electrical domestic appliances 

76 

Family planning and child birth control 
devices and systems 

66 

Better educational facilities 

62 

Urban public utilities 

54 

Declined infant mortality 

54 

Better and effective food preparation 
and food preservation methods and 
systems 

52 

Extended life expectancy 

48 

Modem methods of recreation 

40 


Note: Multiple responses accepted. 
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Table 6. Societal harmful effects as direct results of S&T efforts 


Societal harmful effects as direct results 
of S&T 

Respondents (%) 
attributing 

Arms race and militarization of 
industrial economy 

77 

Environmental pollution and 
ecological imbalances 

66 

Abuse of pesticides/insecticides/ 
chemical fertilizers 

58 

Excessive dependence on medicine 
and abuse of drugs 

44 

Food adulteration and low-quality 
foods 

34 

Degradation and withering of 
traditional values 

26 


being direct results of S&T. And 25-40% respondents 
believe that food adulteration, low-quality foods and 
degeneration and withering of traditional values are the 
direct results of S&T progress. Direction of S&T efforts 
determines its results, whose impacts can be either good 
or harmful. Sometimes the nature of impact can be the 
inherent characteristics of the type of technology itself. 
So what is needed is to do technology assessment and 
technology forcasting exercises, anticipate the nature of 
impacts, overcome the negative and consolidate the 
positives and educate the masses. 

Societal problems: The root causes 

Societal harmful impacts due to S&T obviously cause 
societal problems as well. They need to be thoroughly 
understood and properly tackled. Public perception here 
is that 38% respondents assert a few societal problems, 
while 34% think that some societal problems are caused 
by S&T progress, 6% assert most of the problems, 2% 
assert no problem and 6% express nil opinion. When 
asked to identify some such societal problems caused 
by S&T progress, 58% say the hampered human relation¬ 
ship, followed by 46% saying the environmental pollution, 
27% the economic imbalances and 23% each the misuse 
of drugs, adverse media impacts and increased warfare. 

Such societal problems and harmful effects do emerge 
due to the inherent contradictions that exist between 
the competitive but cooperative nature of the progress 
of productive S&T worldwide on the one hand, and 
the monopoly appropriation of the gains on the other. 
This does not permit one to give more thrust to prevent 
harmful effects. So, one has to resolve this contradiction 
by harmonizing production relations and not resist S&T 
progress as such. 

S&T: Its substantial contributions 

Public perception on certain areas in which S&T could 
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make substantial contributions is conditioned by their 
direct experiences. It is more logical but a simplistic 
view. About 60-80% of respondents assert that S&T 
could make substantial contributions to certain areas 
such as increased production and productivity of goods 
and services, exploration of space, earth and ocean and 
optimum utilization of resources, better, fast, safe and 
economical means of transportation and communication 
and better and cost-effective child birth control methods 
and devices. About 50—60% respondents think that S&T 
could make substantial contributions in providing better, 
effective and economic learning systems, improving the 
availability of quality food, control and prevention of 
environmental degradation and ecological imbalances, 
complement labour productivity, help better under¬ 
standing of the laws that govern the development of 
nature, society and human thought, and reduce labour 
intensity and substitute labour force in production of 
goods and services. Still there are about 30-40% respon¬ 
dents who think that S&T could not make any substantial 
contributions in reducing natural disasters, in crime 
control and global wars by increasing international 
cooperation, in promotion of global trade and promotion 
of democratization of society by competitive and coopera¬ 
tive ventures. An equal proportion of the respondents 
express nil opinion. 

On the other hand, crime is naturally controlled when 
the material and knowledge base of the society is 
democratized. That is, when people’s entitlement to 
material and knowledge base is enhanced according to 
their capabilities and contributions, a more civilized and 
humane society is evolved. Such an entitlement is related 
to compulsory and universalization of education and 
employment. Reduction of threats from wars, in turn, 
is conditioned by the globalization of capabilities through 
competitive and cooperative spirits. This demands for 
promotion of global peace, understanding, harmony and 
respect for human values and rights. This, in turn, is 
conditioned by the knowledge and material base of the 
world people in general. 

Such interdependences and interconnections among 
S&T and multiple human dimensions of world people 
are still in the meta-physical (abstract) state of develop¬ 
ment. It is due to the widespread disparities in capabilities 
among the world people. Hence, the need for correcting 
the negative and indifferent public perceptions and atti¬ 
tudes by proper education and mass awareness cam¬ 
paigns. 

S&T areas: Public funding 

Public perception on public funding in S&T areas is 
conditioned by the objective realities of the current 
societal issues. The public perception correlates to the 
thrust of research areas the country should focus, while 
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allocating funds. About 70-80% of respondents assert 
that public funding in S&T should be towards areas 
like improving health care and population control sys¬ 
tems, prevention of environmental pollution, ecological 
imbalances and strengthening of agriculture and food. 
About 50-70% stress on improving education, increasing 
economic productivity, developing better and cost- 
effective means of transportation and communication, 
clean and reliable sources of energy, remote sensing 
and weather forecasting, cost-effective and ethnically 
adaptive housing, and exploration of space, ocean and 
earth for optimal use of resources. However, a large 
section of respondents, 20-40%, express nil opinion. 
Neutrality of such a large section of population towards 
such topical issues could often be hurdles to the initiation 
of large-scale S&T projects which are otherwise needed 
for fulfilling the basic needs of the people. And India 
should increase its S&T expenditure, on accelerated basis, 
equal to or greater than 2% of GNP or 4 times the 
remittances for imported technologies, to reach the threshold 
level of technological assimilation and diffusion capability"^. 

S&T fields: India in the lead 

India was one of the ancient civilizations, whose con¬ 
tributions to world knowledge base, since Indus Valley 
Civilization, are well known to all of us. India was a 
centre of learning which gave birth to many philosophical 
connotations that changed the social dimensions of many 
countries in Asia and elsewhere. Rise of Buddhism is 
one such example. Such was our tradition till the dawn 
of the Middle Ages of Feudalism and British Colonialism. 
Though there was a setback to this tradition since 
industrial revolution in Europe and its colonial expansion, 
the Indian brains still possess creative talents, which 
are now latent and which can blossom any time given 
the right fertile conditions. Thus, relatively favourable 
conditions in the form of vast S&T, educational and 
industrial infrastructure created since independence has 
helped India to regain the lost vigour. This is reflected 
in the assertion of India’s. S&T capabilities in many 
key sectors. Thus, 52% of the respondents assert that 
there certainly are a few S&T fields in which India is 
in the lead. And 10% of the respondents assert that 
India is in the lead in most of the S&T fields while 
28% assert none of the fields and 10% express nil 
opinion. When asked to name some such fields in which 
India is in the lead, the following in the order, have 
emerged. 

1. Space research 

2. Agricultural technology 

3. Textile technology 

4. Atomic energy 

5. Software development and advanced computer prog¬ 
ramming 
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6. Mathematical and social sciences and philosophy 

7. Medicine and health care research. 

Interestingly, these are the same S&T fields which 
have come under international pressures in the form of 
Missile Technology Control Regime (MTCR), Nuclear 
Nonproliferation Treaty (NPT), Trade Retaliations, Super 
and Special 301, and Intellectual Property Rights (IPR), 
Trade-Related Intellectual Property Rights (TRIPS), 
Trade-Related Investment Measures (TRIMS) in the 
Dunkel Draft Text (DDT) of General Agreement on 
Tariffs and Trade (GATT). 

Despite such pressures, India cannot reverse its his¬ 
torical course of advancement. This can be better done 
by subjecting India’s international relations, including 
trade and technology transfer, to the five principles of 
peaceful coexistence. 

S&T impacts: Life-style changes 

Life-styles are culture-specific. Culture is a function of 
man’s economic relationship with nature on the one 
hand and other fellow human beings in the society on 
the other in the process of production, distribution and 
consumption of goods and services. The economic 
relationship, in turn, is a function of S&T knowledge, 
that induces changes in values, attitudes and aptitudes 
towards environment that surround the people. S&T also 
provides material base in the form of better goods and 
services that ultimately brings desirable changes in the 
life-styles. Accordingly, the public is well aware of the 
impact of S&T in changing the life-styles. Thus, about 
44% respondents feel that the rate of change of life-styles 
due to S&T progress is too fast while 38% think neither 
fast nor slow, 10% feel too slow and 8% express nil 
opinion. Telecommunications and electronics, transpor¬ 
tation, automation, food and agriculture, information 
technology, domestic appliances, medicine, computers 
and engineering sciences are some S&T systems, which, 
according to the respondents, cause the rate of change 
of life-styles too fast. In fact, S&T progress enables 
democratization of the knowledge base worldwide, lead¬ 
ing to cultural cross-fertilization of thought processes 
that ultimately weed out the obsolete customs and tradi¬ 
tions. Once such hurdles are broken, S&T becomes a 
material force bringing rapid changes in values and 
life-styles. Information technology plays a vital role in 
bringing such changes. And such changes, however slow 
or fast, are irreversible. Therefore, suitable educational 
programmes should be developed to enlighten the public 
to acquire positive attitudes towards life-styles. 

Part II: Development issues and action plans 

We have posed many currently debated development 
issues before the public and sought their perceptions, 
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and action plans that could guide our country’s S&T 
programmes towards emerging world trends. The con¬ 
sensus outcome, as presented below, is more precise 
and objective, hence worthy of consideration before 
undertaking S&T-oriented large-scale investment ven¬ 
tures. 

Intellectual Property Rights 

Intellectual Property Rights (IPR) in the form of patents, 
trademarks and copyrights are granted by the country’s 
constitutional due process as a legal instrument to 
promote public good, while at the same time, protecting 
the legitimate interests of the first inventor. Any invention 
which is novel and possesses economic applications is 
considered for grant of patent rights. But products derived 
from chemical, biological, biochemical and microbial 
reactions shall not fall under the categories of inventions 
or innovations as their outcomes are inherent to the 
processes or methods. Likewise, life forms are the 
products of biological evolutions independent of man’s 
efforts. Therefore, what is inventive or innovative here 
are the particular processes or methods developed by 
men and hence worthy of granting patent rights. On 
the other hand, a strong IPR regime, granting patents 
indiscriminately and kept in force beyond the economic 
utility of the inventions, becomes an instrument of 
obstructions in the hands of monopolies, which restrict 
the advancement of productive forces by competitive 
spirits^. Therefore, a desirable IPR regime is one which 
is liberal and sensible, and promotes productivity by 
competitiveness and respects self-reliance of nation states. 
Indian Patent Act 1970 is one such, primarily aimed at 
promoting technological innovations, transfer and com¬ 
mercial production in the country. And thus it was 
applauded as a model patent law by all the developing 
countries. Even this was the case with the patent laws 
of the developed countries in their early stages of 
development. But, in recent times, India has been sub¬ 
jected to international pressures, trade sanctions and 
retaliations such as Super and Special 301, TRIPS, 
TRIMS of DDT of GATT, to alter its Patent Laws 
fundamentally to fall in the line with the strong patent 
regimes. This international pressure is brought under 
the belief that a strong patent regime indeed will help 
promote global trade and commerce. The Parliamentary 
Standing Committee on Commerce, in its 3rd Report 
on Dunkel Draft proposals, presented in December 1993, 
urged the government not to succumb but to move with 
caution. 

In this context, about 86% of the respondents did not 
accept the demand for strong IPR (Patent) regime, nor 
did they want India to sign DDT unless GATT agrees 
to revise its text to accommodate the legitimate economic 
interests of developing countries, including India. Only 
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14% of the respondents favoured the demand for strong 
IPR (Patent) regime and signing the DDT as it is 
presented today. A similar trend can be seen in the 
write-ups of as many as 20 lead authors that appeared 
in the April special issue of JSIR^ that devoted itself 
to IPR and development perspectives. Here about 65% 
of the authors favour defending the Indian Patent Act 
1970 and country-specific liberal patent regimes, while 
35% of the authors favour changing the Indian Patent 
Act 1970 to align with the strong patent regimes of 
Paris convention and DDT. Still there is a need for 
enlightening the public about the science of patent laws, 
their inherent limitations to protect the monopoly market 
rights of the first inventors, as in the modern S&T 
world; parallel discoveries, inventions and innovations 
can take place autonomously by the surging competitive 
productive forces. Under these conditions, India has to 
conduct its foreign relations, including trade and tech¬ 
nology transfer, subject to the five principles of peaceful 
coexistence, while at the same time, safeguarding the 
basic features of the Indian Patent Act 1970. Now India 
has been a signatory to DDT of GATT (WTO). And 
people should learn to get along with it while safeguard¬ 
ing national interests as well. And the Parliament is 
divided on the Bill to amend the Indian Patent Act 
1970, the majority not favouring. 

Nuclear Nonproliferation Treaty and Global 
Security Plan 

Nuclear Nonproliferation Treaty and Global Security 
Plan are the schemes operated by the clubs of ‘nuclear- 
haves’, mostly the West, to control the spread of nuclear 
weapon systems among the ‘nuclear-havenots’. This does 
not discriminate between nuclear programme for peace 
and energy and for warfare. And there is an international 
pressure on India to join this exclusive club of NPT. 
Or else it will have to face sanctions and retaliations 
on imports and exports in strategic areas of nuclear 
energy research. Despite this, the 25 years of NPT has 
led to manifold proliferation of the weapon'^. By the 
end of this century, there will be 20 more nations in 
addition to 26 with full capacity to develop their own 
nuclear weapons’*. 

In this context, 76% of the respondents did not want 
India to accept NPT membership while 24% favoured 
it. Further, they made certain startling but relevant 
assertions indicating their perceptions and attitudes. Thus, 
NPT is not a treaty reached among equals but an 
imposed one. GSP is irrelevant as there is no external 
threat to this world. This means that the threat to this 
world security is from within. NPT and GSP can be 
accepted if there is a universal agreement to dismantle 
the nuclear warheads of all the countries simultaneously. 
Even if India joins NPT and GSP, it should not be 
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under duress. Similar views were expressed by a group 
of eminent persons in the first quarter of 1993 com¬ 
missioned by the Government of India (GOI) to look 
into this aspect. Even a high-level study group, com¬ 
missioned by the Carnegie Endowment for International 
Peace, in its report entitled ‘India and America after 
cold war’ suggests US not to force India to sign NPT 
and MTCR under duress. And the majority of the 
respondents think that India should reduce its budget 
on the Department of Atomic Energy by making nuclear 
power generation a commercially viable and self- 
supporting venture. One can reduce the burden of defence 
by improving friendly relationship with neighbouring 
countries through improved diplomacy. This demand is 
nothing but a call for the renewal of India’s one-time 
cherished foreign policy based on the five principles of 
peaceful coexistence and nonalignment, the Punch Sheet 
Mutual respect for each other’s territorial integrity and 
sovereignty; mutual nonaggression; mutual noninter¬ 
ference in each other’s internal affairs; equality and 
mutual benefit; and peaceful coexistence. 

Earth summit and biodiversity 

Concern to save the earth, protect the environment, 
ecology and human habitat and preserve biodiversity (in 
fact, it should be rightly called as biovariety) has attained 
international dimensions in the recent times. The 
developed countries were the forefathers, who created 
those systems that caused environmental pollution and 
ecological imbalances. But that was the way the indus¬ 
trialization took place under the capitalist system. The 
same countries, after 200 years of capitalist industrial 
development, exploiting world resources at their will 
have now attained a higher level of human development 
index (HDI). As S&T progresses, people’s concern for 
a clean environment increases. The developed countries 
could now come with third- or fourth-generation techno¬ 
logies, mostly automated, which are more environment- 
friendly. So, the sealing was fixed on the upper limit 
to environmental pollution to 1992 level, which the 
developed countries would like to impose on the develop¬ 
ing ones. If the developing countries, with scarce resour¬ 
ces, technologies and skills, want to reach the same 
level of development of developed ones via the routes 
of capitalist industrialization, they have to invariably 
depend on the inefficient, obsolete and environment- 
unfriendly technologies. Such obsolete technologies, now 
facing a threat of closure in the West, can be easily 
shifted to the developing countries. Therefore, one group 
in the West is eager to shift such obsolete units to 
willing partners in the developing countries. At the same 
time there is another group in the West which wants 
to put restrictions on the development as well under 
some pretext with which some other groups in the 
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developing countries would like to align either due to 
necessity or due to ignorance. 

Likewise, the developed countries would like to con¬ 
sider the biodiversity (biovariety) of the world (mostly 
from developing countries) as universal properties and 
hence the demand for free access. At the same time, 
any improvement they make on them through S&T 
inputs they would like to treat as private properties, 
protected by IPR regimes, which the developing countries 
will have to acquire by paying a high price. 

These are the contradictions of development inherent 
in the collective nature of production of knowledge and 
materials and the private nature of appropriation of the 
surpluses thus generated. The UNO (United Nations 
Organization) wished to reconcile the conflicts among 
these contradictions and strike a balance under the 
existing diverse sociopolitical-economic systems.. This 
drama was enacted on the stage of the Earth Summit 
in June 1992 at Rio. In this context, an overwhelming 
majority (84% of the respondents) did agree that the 
Earth Summit and Biodiversity Convention 1992 were 
good beginnings while 16% did not consider so. However, 
it is observed here that the Rio Treaty and Biodiversity 
Convention were heavily biased towards Multinational 
Corporations (MNCs), which according to the majority 
of respondents should be checked. According to the 
respondents, country-specific action plans to protect 
national interests should be incorporated into the Treaty. 
Mass awareness campaigns and peace movements should 
be taken up vigorously to restore the lost varieties of 
life forms in the high tides of green revolution. India 
should formulate suitable policies to protect biodiversity 
on cooperative basis and strengthen environmental protec¬ 
tion policies and Acts while venturing .into large-scale 
industrial developments. 

S&T in the strategic areas: Missile Technology 
Control Regimes 

Like NPT, Missile Technology Control Regime (MTCR) 
is the club of advanced countries who have stock-piled 
heaps of missile systems. Members of MTCR are 
presumed to have freedom of access to high-techs in 
the strategic areas. But they are barred from entering 
into business contracts with non-MTCR member 
countries, mostly the developing ones, to pass on the 
missile technologies. Thus, by restricting missile 
proliferation, MTCR member countries believe that they 
could safeguard the global security. 

As Indian space research ventured to launch Polar 
Satellite Launch Vehicles (PSLV), Geostationary Satellite 
Launch Vehicles (GSLV) programmes with cryogenic 
rocket engine systems, obtained from Russia on economy 
terms, the US has imposed a ban, under MTCR, on 
ISRO, restricting its deals with US companies in strategic 
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and aerospace industries under the pretext that Indian 
space programme is aimed at developing missile tech¬ 
nologies. However, if India joins MTCR and accepts 
to pay higher prices, the US itself is willing to pass 
on the cryogenic rocket engine systems to Indian space 
programmes. This, according to the Chief of Glavkosmos, 
is nothing but a trade war*. 

In the context of trade-related conflicting interest, as 
cited above, over 86% of the respondents did not favour 
India accepting MTCR terms. They assert so for the 
reasons that MTCR is an imposed one and that it does 
not help those who want to acquire high-tech systems. 
The ways suggested by the respondents are to strengthen 
peace movements that prevail over the arms race. Further, 
according to the respondents, India should use its missile 
technology development programmes to strengthen high- 
tech areas in the country and then extend its cooperation 
among the Third-World countries. 

S&T-oriented large-scale investment projects and 
the priorities 

Today, India is tom between antagonistic group interests. 
Different groups think that they are exclusive to one 
another in the development process. Ignoring the fact 
that the human development is an integral part of 
ecological balance, the multiple dimensions of social 
development are counterposed to one another, instead 
of enabling them to play complementary roles. Thus, 
we see, in India, that agriculture is counterposed 
to industries and large-scale industries are counter¬ 
posed to small-scale industries, foreign trade is counter¬ 
posed to domestic trade, domestic R&D and technologies 
are counterposed to import of foreign technologies, 
large-scale S&T-oriented investment projects in irriga- 
don, power, space, defence, communication, transport, 
industry and infrastructure are counterposed to environ¬ 
ment, ecology and human habitat, population itself is 
counterposed to development process and so on and so 
forth. Even modern S&T is counterposed to the future 
of human civilization. Thus, we see a stagnation (or 
rightly stafglation) in the development. 

Such conflicts emerge out of the objective realities 
that India continues to live with the backward and 
obsolete productive forces sustained by backward and 
obsolete production relations which were the legacies 
of feudal and colonial rules. However, there is a surge 
of technologically driven productive forces advancing 
in the world simultaneously raising the living standards 
of the people by changing their production relations on 
more or less democratic norms. Indian society, as an 
integral part of the world,* is also influenced by this 
trend, hence the urge for advancing the productive 
forces. But the groups desiring to advance the productive 
forces through noncontractual vested interests ignore the 
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simultaneous need for restructuring a more balanced and 
harmonious production relation. This is the source of 
conflict that counterposes several dimensions of human 
development, resulting in stafglation. Public perception, 
in this study, is more objective and balanced one. They 
understand the development needs of the state and the 
country by advancing productive forces while at the 
same time they appreciate the demand for restructuring 
production relations so as to avoid the conflicts of 
counterposing nature. Thus, over 74% of the respondents 
desire to give top priority to S&T-oriented large-scale 
investment projects as they give opportunities to raise 
the living standards of the people. Yet they assert that 
such large-scale investment projects often induce negative 
impacts on environment, ecology and human habitats. 
The basic principles to be respected here are the laws 
of conservation of biomass and bioenergy that enhance 
the net worth of all the groups concerned in the develop¬ 
ment process. In the absence of such corrective measures, 
the public prefers a large number of small projects. 
They assign top priority to the projects aimed at eradica¬ 
tion of poverty, unemployment and illiteracy. They urge 
for reduction of import dependence in defence sectors 
as such a dependence does not guarantee national 
security. Further, they urge that defence sectors should 
be made to serve civil needs as well. The respondents 
assert that satellite communication systems, hydroelectric 
power projects and nonconventional energy systems 
should be given higher priority. The public urges not 
to convert natural forests into biological parks. According 
to them, priority to nuclear power plants can be given 
if the safety is guaranteed and power generation is made 
to earn its own return on investment. Further, they 
suggest to accord priority to missile technology program¬ 
mes only as a means to advance high-techs in the 
strategic fields and earn return on investment by trading 
in defence systems and hardwares. 

Agriculture, industry, food, health care and family 
welfare programmes and the priorities 

Agriculture and industry depend on each other for 
continued growth. Agriculture being the base, industry 
must play a complementary role as a superstructure. 
India, being an agricultural country, should not ignore 
this fact. The public perception to this that agriculture, 
purely on commercial grounds, is going to endanger the 
food security hence needs to be checked. Educated 
unemployed should be urged to take up vocations in 
agriculture and industry. All wastelands should be 
brought under agriculture and awareness should be 
created to cultivate every piece of land. Development 
of agriculture and industry should promote employment 
and economy. And S&T should play an active role in 
promoting agriculture, industry, employment and 
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economy. Mechanization of agriculture and automation 
of industry should enhance labour productivity and not 
replace the labour force. 

Food security to the people is the national security. 
A threat to food security to the people is a threat to 
national security as well. Likewise, health is wealth. 
Unhealthy people means unhealthy nation, and hence 
insecure nation. Family welfare programmes should not 
only aim at regulating population growth in accordance 
with the means to feed but should also ensure food 
and health to one and all. There is a unity of consensus 
of all the respondents that top priority should be given 
to these programmes. The public asserts that more 
investment should be allocated to such areas. And 
S&T should focus more to meet the need for 225-250 
million tonnes of food grains for 1044 million people 
in 2001 AD by raising the yield per hectare manifold 
from the present level of: rice 1.75 tonnes, wheat 2.27 
tonnes, jawar 0.82 tonnes, maize 1.52 tonnes, ragi 1.1 
tonnes, potato 16.22 tonnes and sugar 5.55 tonnes^^. It 
is here that the productivity of foodgrains in the country, 
i.e. the output per work force, should be enhanced 
manifold by maximizing the product of two factor ratios, 
viz. output per hectare of land and hectare of land per 
work force. Maximization of the output per hectare 
demands for higher orders of productive technologies 
and maximization of hectare of land per work force 
demands for implementation of Land Reform Act as 
well as sharing of scarce resources by cooperative spirits. 
Simultaneously, population explosion should be control¬ 
led by persuation and education following the Kerala 
model. Decentralized administration and acceleration of 
green revolution are suggested. Stringent checks on 
adulteration of food and drinks are sought. Indigenous 
health care systems to be strengthened on the lines of 
modern health care systems. One should avoid mixing 
up of the politics of religion, castes and communal 
divides with the politics of development. 

Education and employment 

Education and employment are the two sides of the 
same coin. Education is useless if it does not lead one 
to gainful and productive employment. Most of the 
country’s antagonistic contradictions could be resolved 
if compulsory and universal education and employment 
are ensured to all eligible and able-bodied people. Com¬ 
pulsory and universal education and employment to all 
meet the twin objectives of people’s entitlement to the 
wealth of knowledge and the wealth of materials on 
more democratic and socialized basis. In this sense, 
Kerala has achieved a near cent percent success in 
universal education. And it has yet to go a long way 
in ensuring compulsory and universal employment to 
all. Whereas India, as a whole, is many years behind 
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in achieving both these objectives. As per the 1991 
census, the literacy rate was 52.2% with a wide gap 
between males (43.88%) and females (39.42%). During 
the 1981-91 decade, the growth rate for literacy was 
8.55% and that for illiteracy was 7.31%, leaving 302 
million illiterates even in 1991. And about 63% of the 
population in the age group of 14-60 years is considered 
as nonworking though the unemployed registered with 
the employment exchanges was as high as 36.3 million 
in 1991, which grows at the rate of 10% per annum^\ 

The public perception, in this study, desires to give 
encouragement to community level action plans and 
vocationalization of plus-two stage for attaining education 
and employment to all. The purpose of education should 
be to build a vibrant, productive self-confident, self- 
reliant, scientific-tempered, value-oriented, more humane 
and cultured society. S&T should help to create such 
a society. 

Housing and human habitat 

Housing and human habitat, in harmony with environment 
and ecology, is the index of developed and cultured 
civilizations. According to 1991 census, the demand for 
housing in Kerala was 11 lakh units^^. Of these, 55% 
were substandard huts declared unfit for human dwelling, 
27% were old ones awaiting demolition and recon¬ 
struction; only 1% were considered as standard units 
fit for human dwelling and 17% were considered as 
numerical shortage. A similar trend exists on all-India 
basis as well. Thus, housing the millions is a massive 
public task. If such a massive task is taken in a 
coordinated manner, it could provide immense oppor¬ 
tunities for investment, employment, innovative and 
productive techniques, methods and materials. The 
criterion on the choice of technique is the one that 
delivers maximum number of housing units per given 
unit of resources. 

The public perception here is more positive. Accord¬ 
ingly, S&T should focus on cost-effective, modular-type, 
functional and economy houses by adopting Baker’s 
type of techniques which encourage utilization of local 
resources and skills that conserve materials, reduce costs 
and improve aesthetic values in harmony with environ¬ 
ment and ecology. Housing design and construction 
should be fully engineered based on architectural prin¬ 
ciples rather than on false prestiges. Minimization of 
noncontractual vested interests will also reduce the costs 
while improving cost-effectiveness. 

National defence 

Agriculture, industry, S&T and defence are considered 
as four vital elements of any nation. Without strengthen¬ 
ing these four aspects concurrently, one cannot think 
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of a modem state. They are complementary to each 
other and not counterposing. If improperly handled and 
imbalances are created, they do become counterposing 
to one another. Though the public perception (about 
85% of the respondents) is in favour of strengthening 
national defence, their attitude is conditioned by the 
imbalances that occurred due to the stifled nature of 
development as seen in agriculture, industry, S&T and 
defence. Thus, there is a demand for cut-down in defence 
expenditure, unless otherwise the nation wants to do 
business in the military hardware. Expenditure in defence 
can be brought down by strengthening peace movements, 
imparting military training to the civilians to develop 
para-defence systems and improving country’s diplomacy 
and foreign relations. 
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Impact of extreme events on coastal zones and 
small islands in the context of climate change 

S. M. Kulshrestha 

The paper presents a review of the current state of knowledge on the likely impacts of extreme 
weather and climate events on coastal zones and small islands in the context of climate change. 
Possible response options, including prevention, preparedness and adaptation, are indicated. 


At first glance, there appears to be little in common 
between the gradual onset and complex impacts of 
climate change and the unheralded onset and direct 
impacts of extreme events. While the magnitudes of the 
anticipated global warming and consequent sea level 
rise may be somewhat less than those indicated in the 
First Assessment Report' of the Intergovernmental Panel 
on Climate Change (IPCC), it is the extreme events 
and/or climate surprises that need to be taken seriously. 
It appears that more emphasis has to be placed on 
changes in frequency and/or intensity of various extreme 
or threshold events, particularly the extremes of tempera¬ 
ture and precipitation, and the hazardous coastal events 
such as cyclones and storm surges. Such events would 
dominate the effects in coastal zones. The small islands 
would, however, appear to be highly vulnerable to 
accelerated sea level rise as well. 

Definitions 

Coastal zone'. Coastal zone includes both the area of 


S. M. Kulshreshta resides at 8-10/7233, Vasant Kunj, New Delhi 
110 070, India. 

CURRENT SCIENCE, VOL. 69, NO. 1, 10 JULY 1995 


land subject to marine influence and the area of sea 
subject to land influence. Coastal zones are very valuable 
parts of the economies - both the affluent and subsistence 
economies. Coastal habitats provide important areas for 
fish and wildlife, including many endangered species. 
Coastal zones filter and process agricultural and industrial 
wastes and provide a buffer for the inland areas against 
cyclone and wave damages. 

Small islands. Islands less than 200 km^ in area are 
defined as small islands and those with area less than 
20 km^ may be called very small islands. This categoriza¬ 
tion is not entirely arbitrary and is significant in the 
sense that while the larger islands generally have geologi¬ 
cal features and problems similar to those found in 
continental regions, the small and very small islands 
have their own characteristics and rather unique problems. 
The major conglomerates of small islands are in the 
Pacific, the Atlantic (Caribbean), the Indian Ocean, and 
the territories of Indonesia and the Philippines. 

Physical changes 

Tegart et al. have documented the potential impacts 
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of climate change based on the studies conducted for 
preparing the 1990 Assessment^ and the 1992 Supple¬ 
ment^ Reports for IPCC. Among the likely physical 
changes in coastal zones and small islands as a result 
of possible climate change, the potential for, and mag¬ 
nitude of, accelerated sea level rise (ASLR) appears to 
be the greatest, especially for small islands. The projected 
ASLR (of the order of half a metre by the year 2100) 
would result in (i) substantial land inundation with 
especially significant impacts on coral atolls, (ii) con¬ 
siderable loss in agricultural activity in low-lying areas 
of coastal zones and small islands, (iii) coastal inundation 
and erosion resulting in degradation and loss of natural 
protective features such as dunes and mangroves apart 
from property damages, (iv) increased backwater effects 
reducing drainage from coastal streams, and (v) severe 
damage to surface and ground water sources due to 
increased intrusions of salinity. Nevertheless, as men¬ 
tioned above, the major changes would be due to extreme 
events and climate surprises, which would also result 
in sudden rise of sea level apart from the other physical 
changes. 

Accelerated sea level rise (ASLR) 

Estimates of the combined effects of oceanic thermal 
expansion and land ice changes that could be induced 
by global warming involve considerable uncertainty^. 
These uncertainties are: (i) the rates of greenhouse gases 
(GHGs) emissions and the related changes in atmospheric 
concentrations and radiative forcings, (ii) feedbacks in 
the climate system as they affect the climate sensitivity 
to a given change in radiative forcing, (iii) transfer of 
heat from the surface to deeper waters in the oceans, 
(iv) regional and seasonal changes in climate, (v) model 
uncertainties in the computed response of ice sheets and 
glaciers to climate changes, and (vi) changes in ocean 
circulations for which adequate models are yet to be 
validated. Among these, thermal expansion appears to 
be the most significant long-term change^. It needs to 
be recognized at this stage that the ongoing research 
may, in the near future, result in new projections for 
the magnitude and the consequent physical changes due 
to ASLR resulting from climate change. 

Enhanced extreme events - cyclones, storm 
surges, and heavy rains 

The IPCC 1992 Supplement"^ cautioned that confidence in 
regional climate change patterns based directly on global 
climate model (GCM) output was low and that there was 
no consistent evidence of change in the variability of 
storminess. The position remains the same at present. In 
order to tackle this uncertainty, the models have to refine 
the horizontal resolution apart from other improvements. 
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Evans^ made a comprehensive study of the envisaged 
impacts of enhanced greenhouse warming on tropical 
cyclones with special reference to the Australian region 
and concluded that in the overall, according to the 
present GCM simulations, preferred cyclogenesis loca¬ 
tions remain unchanged but the potential maximum 
intensity could increase with the caveat that the en¬ 
vironmental effects are ultimately the limiting factors 
on actual cyclone intensity and that motion will remain 
largely unchanged. Later work, for example, by Raper^ 
indicates that there is no convincing evidence to support 
a relationship between sea surface temperatures (SSTs) 
and cyclone intensities and that an increase in SSTs 
may not necessarily lead to increase in the intensity of 
cyclones. As regards the frequency of cyclones, the link 
with SST appears to be through the prevailing atmos¬ 
pheric'conditions to which both the SSTs and the tropical 
cyclone frequencies are closely related. Although SSTs 
could increase in the future due to climate change, the 
model predictions indicate only small changes in cir¬ 
culation, usually within the range of the past natural 
variability. There is some indication for certain areas 
(like the USA mainland) that the number of hurricanes 
striking the coast in recent years is a bit less than the 
average number based on the statistics of the past 100 
years or so. 

While evaluations of the possible impacts on coastal 
and estuarine surge levels due to climate change involve 
complex site-specific analyses, the impacts of possible 
ASLR on storm surge levels can be assessed on the 
basis that the storm surge height above the sea level 
plane for a given wind shear stress will be lower with 
higher sea level positions, where an off shore shelf is 
characterized by a horizontal sea bed. In the more 
common situations of sloping shallow offshore shelves 
and varying basin configurations, no direct general 
relationships can be deduced in terms of sea level 
positions and the relative differences of surge heights 
for given wind forces^. 

As regards heavy rain events, various lines of evidence 
suggest an increase under enhanced greenhouse condi¬ 
tions. This will probably be accompanied by an increase 
in deep convection and a decrease in more widespread 
light rain and number of rainy days in middle latitudes. 
These changes, coupled with increased evaporation, 
would result in significant reductions in the return period 
of floods as well as droughts 

Snow and ice accumulation and ice outflow 

It is generally accepted that as the cause of sea level 
rise, the thermal expansion of oceans will dominate 
over the other two factors, viz. the melting of nonpolar 
glaciers in places like the Himalayas and New Zealand 
and changes In the volume of ice and snow in Antarctica 
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and Greenland. Practically all the GCMs suggest that 
an increase in precipitation over Antarctica will occur 
with global warming". This should lead to some increase 
in the rate of accumulation of snow as has been observed 
over the recent decades in a study of ice cores‘I The 
contribution of this to changes in sea level is small. 
Nevertheless, the complex question of snow and ice 
accumulation and ice outflow in Antarctica is important 
to the long-term question of sea level rise because the 
West Antarctic ice sheet, being marine-based, is poten¬ 
tially unstable and vulnerable to climate change. If it 
were to disintegrate, it would contribute about 6 m to 
sea level rise but such an event would occur only over 
many centuries’^. Even then, this possibility is considered 
sufficiently significant and major research projects have 
been taken up’'*. Ice sheet instabilities cannot explain 
all aspects of the long-term climate dynamics and ocean 
instability needs to be taken into account but it is the 
ice sheet instability that seems to trigger ocean in¬ 
stability. 

Lightning from violent thunderstorms 

Lightning strikes from violent thunderstorms are very 
hazardous to electric power installations, aircraft, forest 
and the people. Even when widespread fire does not 
occur, lightning can cause serious damage to forests, 
thereby enhancing the spread of insects and diseases 
apart from the economic loss. According to a recent 
studyinitial model results show that for a doubling 
of carbon dioxide scenario, global lightning activity 
would increase by approximately 25%. Among the 
climatic variables that have an impact on dangers of 
wildfires, relative humidity is the most important. This 
underlines the need for site-specific studies of the relative 
impacts due to increased lightning and the likely changes 
in relative humidity regimes locally. 

Ecological impacts 

The various global scenarios of sea level rise indicate 
an accelerating rise with no prospect of stabilization. If 
the seas continue to rise, coastal erosion will also 
accelerate and become more widespread as any com¬ 
pensating sedimentation declines. It will encounter, 
reshape, and in due course submerge the raised beaches. 
Because of the complexities of coastal environments 
and their along-shore variations, a great deal of sector- 
specific research is still needed to assess the extent of 
the geomorphological and ecological changes that will 
occur as the sea level rises. In assessing the nature and 
extent of possible changes, it is useful to classify coasts 
into several categories such as steep and cliffed coasts, 
beach fringed coasts, deltaic coasts, swampy coasts. 


estuaries and coastal lagoons, intertidal and near-shore 
areas, coral reefs and reef islands, and man-made coasts. 
An excellent discussion of the impacts of the rising sea 
level in coastal regions is given by Bird’*. 

Socioeconomic impacts 

In coastal zones and small islands, as indeed elsewhere 
as well, the socioeconomic impacts of climate change 
are both on the local environment and on the human 
societies. Those on the local environment can be analysed 
in terms of (a) ice and snow, (b) oceans and coasts, 
(c) hydrological cycle, (d) natural hazards, and 
(e) ecosystems and vegetation. Similarly, the possible 
impacts of climate change on the local human societies 
can be assessed in terms of (a) water resources, (b) food 
and agriculture, (c) coastal and island dwellers, (d) health 
and (e) economic activity. In actuality, the impacts occur 
in more complex ways and impacts in one sector 
affect/create further impacts in other sectors. Coastal 
zones and small islands are likely to suffer erosion, 
coastal flooding, inundation, agricultural losses, and 
damages to water resources and other essential infrastruc¬ 
ture. Ironically, certain impacts could lead to a clash 
of interest. For example, as a result of rise in ground 
level temperatures due to global warming, beach seasons 
in coastal or island resorts would be extended bringing 
in more revenues — probably much more than the costs 
of controlling erosion and inundation that may be caused 
by sea level rise on account of climate change. Higher 
SSTs may enable new swimming areas to be developed 
where sea water is at present too cold to swim. On the 
other hand, in certain cases, adverse impacts would get 
accentuated such as flooding from inland waters and 
storm surges and rising sea level from the ocean side. 

Response options — prevention, preparedness, 
insurance 

Prevention 

It is debatable if the potential impacts of climate change 
can be ‘prevented’. Appropriate adaptation or abatement 
efforts are possible and should be encouraged although 
cost-benefit considerations will apply especially in 
countries with weak economies. Reduction in the emis¬ 
sion of GHGs (including methane from garbage dumps), 
energy conservation, adoption of cleaner energy and 
manufacturing technologies, and control of atmospheric 
pollution (especially that from automobile exhausts) are 
a few of such strategies that are widely recommended. 

As regards wildfires or bushfires, one technique for 
prevention is to light small fires (called hazard reduction 
burns) that consume the fuel so that during subsequent 
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bushfire, there is less fuel and hence less likelihood of 
a large uncontrollable fire^^. 

Preparedness 

It is possible to reduce the losses significantly if the 
existing knowledge and the known adjustment systems 
are employed^ I These authors have listed a wide variety 
of available tools as follows: 

Long-term 

Controlling investment, planning and development 
Management of land, resources and infrastructure 
Education and training 
Public information 
Hazard insurance 
Weather modification 
■ Structural engineering works 
Hazard-resistant constructions 

Immediate pre-impact 
Monitoring 
Predicting 
Warning 
Shelters 

Evacuation and relocation 

Impact and immediate post-impact 
Emergency management 
Hazard-fighting 
Search, rescue and salvage 
Disaster relief 

Loss compensation and rehabilitation 
Insurance 

The international insurance industry is already faced 
with a significant increase in insurance outflow due to 
natural disasters/extreme events during the last few 
decades. There are increasing demands on the insurance 
industry owing to the increasing population and value- 
added property. This is much more apparent for coastal 
zones, especially in affluent countries and in tourist 
areas, although insurance still does not command much 
presence in small islands except where high-value 
property and infrastructure are involved. The present 
problems faced by the insurance industry would increase 
if climate change results in an increase in frequency or 
intensity of extreme events. Meanwhile the available 
scenarios and projections of climate change and its 
impacts would tend to increase insurance premia rates, 
especially in coastal zones and small islands. Reinsurance 
would become a major and regular practice in such 
areas because of the magnitude of economic risk being 
very high and beyond the capacity of one insurer. 


Adaptation options 

General options 

If strategies to limit the emission of GHGs are successful, 
the impacts on coastal zones and small islands would 
also be reduced. However, even if the limitation strategies 
succeed, there will be impacts due to climate changes 
already set in motion. Moreover, it is likely that initially 
limitation would be partial at best. Consequently there 
are some urgent requirements form coastal adaptation, 
which can be considered in the from of the following 
activities: 

(a) Improved understanding of the climate change 
science and likely implications for sea level rise and 
other impacts such as cyclones. 

(b) Monitoring of sea level and coastal change. 

(c) Vulnerability studies to identify areas most likely 
to be prone to extreme events and sea level rise. 

(d) Site-specific impact assessments. 

(e) Forward planning. 

(f) Public awareness. 

(g) Development of a full range of coastal adaptations, 
including nonstructural or nonengineering options. 

Specific options 

In specific terms, the adaptation options for coastal 
zones and small islands fall into three categories, viz. 

(a) Retreat: Abandon vulnerable areas and resettle. 

(b) Accommodate: Adjust to the impacts, including ASLR. 

(c) Protect: the vulnerable areas, especially those with 
large populations, high-value property and precious 
natural resources, and strategic installations. 

An excellent discussion of the available adaptation 
options is given in the Report of the Coastal Zone 
Management Sub-Group of IPCC Working Group III^'^ 
which also lists a very large number of references on 
the subject. 

Social and cultural implications 

People inhabiting coastal zones and small islands have 
distinct life-styles with characteristic social and cultural 
ethos. The adaptation option should not unduly strain 
their social and cultural values. 

Sensitivities and thresholds 

Definitive prediction of future climate seems impossible 
because a number of uncertainties are involved. Some 
can be reduced but others, especially those related to 
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future human behaviour, climate surprises and 
catastrophic geological or geophysical events, cannot be 
anticipated adequately. As future climate cannot be 
predicted satisfactorily (at present in any case), assessing 
the possible impacts of climate change requires the use 
of sensitivity studies over a range of possible values 
for relevant climatic variables. This approach enables 
response surfaces to be plotted showing the value of 
the property or the outcome considered as a function 
of a range of possible values of the climatic variables. 
Response surfaces are particularly useful because the 
effect of any chosen climate change scenario can be 
read off the graph without the need for new calculations. 
Examples of response surfaces are shown by Whetton 
et al}\ 

Another approach could be through calculation of 
quantitative indices that combine the state of climate 
and the economic activity into a useful number which 
may be regarded as an ‘econoclimatic’ indicator. 

Conclusions 

Coastal zones and small islands are very vulnerable to 
climate change, especially changes in extreme weather 
and climate events. The confidence in regional climate 
change patterns deduced from global climate models 
(GCMs) is low at present and considerable progress 
will have to be made before the output products of 
GCMs can be applied at regional or local scales. Hence, 
there is need for site-specific assessments of the likely 
impacts of climate change (especially those of extreme 
events)in coastal zones and small islands so that locally 
applicable response strategies and policy options could 
be developed. 
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New pressure-induced phase changes in CdW04 
from Raman spectroscopic and optical 
microscopic studies 

A. Jayaraman, S. Y. Wang and S. K. Sharma 

University of Hawaii at Manoa, Hawaii Institute of Geophysics and Planetology, Honolulu HI 96822, USA 


Pressure-induced phase transitions in ABO^ tungstates 
and molybdates with scheelite and wolframite structure 
are of interest to materials science and mineral physics. 
High-pressure phases with interesting physical proper¬ 
ties can be expected. Through a high-pressure Raman 
and optical microscopic study we have found two novel 
pressure-induced phase transitions in wolframite-type 
CdWO^. The first transition near 10 GPa is subtle, but 
easily observable under the polarizing microscope, as 
the crystal breaks into domains of colour, presumably 
due to a phase change accompanied by twinning, or 
ferroelasticity. At the second transition near 20 GPa, 
the Raman data clearly indicate a change in W-O 
coordination from basically tetrahedral to truly oc¬ 
tahedral, a new finding of significance to high-pressure 
crystal chemistry. 


PRESSURE-induced phase transformation in scheelite 
(tetragonal symmetry) ABO^ compounds have been of 
current interest from the viewpoint of their high-pressure 
crystal chemistry^ Recent high-pressure Raman spectro¬ 
scopic studies^’^ have revealed that pressure-induced 
phase transformations are a rule in these systems. Another 
common structure adopted by ABO^ tungstates at ambient 
pressure is the so-called wolframite type"^ and to our 
knowledge these have not been studied under high 
pressure. 

Two questions of great interest in the high-pressure 
behaviour of ABO^ molybdates, tungstates and rehenates 
are (i) whether the scheelite-type compound would trans¬ 
form under pressure to the wolframite-type structure and 
(ii) how stable is the wolframite structure itself with 
respect to high pressure. The best candidates to study 
in this connection are CdMoO^ and CdWO^, because 
the former crystallizes in the scheelite structure and sits 
on the border line between the scheelite—wolframite 
stability field"^, and CdWO^ has the wolframite structure 
and hence is a very good candidate for clarifying the 
second question. Therefore, we carried out high-pressure 
Raman spectroscopic studies on CdWO^ and CdMoO^ 
up to 40 GPa and optical microscopic studies on CdWO^ 
up to 20 GPa. In this article we will discuss mainly 
our Raman results on CdWO^, and argue for a change 
in the coordination of tungsten to a truly octahedral 
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coordination with respect to oxygens at the pressure-induced 
phase transition observed near 20 GPa. We will briefly 
discuss our results on CdMoO^, which undergoes the 
anticipated scheelite to wolframite transformation as well 
as the phase transition involving the above-mentioned 
coordination change. Finally, we will present optical 
microscopic evidence for a subtle phase change near 
10 GPa in CdWO^. 

High-pressure Raman experiments on CdWO^ were 
carried out in a gasketed Mao-Bell-type diamond cell, 
with 4 : 1 methanol-ethanol mixture as the pressure- 
transmitting medium. Pressure was calibrated by the 
well-known ruby fluorescence technique. Raman spectra 
were generally recorded using a Spex Raman instrument 
equipped with photomultiplier. In some experiments a 
Spex Triplemate instrument provided with a CCD diode 
array detector was used to record the spectra. Figure 1 
shows the Raman spectra of CdWO^ obtained at three 
different pressures. The bottom spectrum belongs to the 
wolframite phase, the middle one has Raman peaks 
belonging to a new high-pressure phase plus the wolfram¬ 
ite phase, and the top spectrum represents purely the 
high-pressure phase. Figure la and b show a plot of 
the observed Raman peak positions as a function of 
pressure. Near 20 GPa the spectrum clearly changes due 
to a pressure-induced phase transition. Raman peaks of 
the wolframite phase extend beyond 20 GPa and disap¬ 
pear completely only above 30 GPa. Likewise, on release 
of pressure the high-pressure phase persists down to 
about 16 GPa. Below this pressure the sample is purely 
that of the wolframite phase. The appearance of the 
two-phase region shows very clearly that the transition 
is strongly first-order and that it is hysteretic. However, 
the transition is completely reversible at room tempera¬ 
ture and the high-pressure phase is not quenchable. Now 
the question is what is the nature of the high-pressure 
phase? Only a high-pressure X-ray structure investigation 
can give a decisive answer, but the Raman results 
contain some important information regarding the struc¬ 
tural building block, namely the coordination of the 
W-O polyhedra. 

Detailed structural investigations on the scheelite-type 
ABO 4 compounds have shown that the B cation is 
tetrahedraly coordinated to oxygens, while the A cations 
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are surrounded by eight oxygens^-^ Raman and infrared 
spectra ' are consistent with the presence of isolated 
BO 4 tetrahedra in the structure’. In ABO^ of the 
wolframite type, such as CdWO^, the B cation is regarded 
as sixfold-coordinated (approximately, octahedrally coor¬ 
dinated) with respect to oxygens, while the A cation is 
similarly situated with six oxygen neighbours'*. The 
structure may be crudely described as hexagonally close- 
packed oxygens with certain octahedral sites filled with 
A and B cations in an ordered way'*. 

The wolframite-type CdWO^ has monoclinic symmetry 
and belongs to the space group 12/a (ref. 9). The usual 
view of the structural arrangement is that it consists of 
zigzag chains of edge-sharing WO^ octahedra. But the 
description of the building blocks as octahedrally coordi¬ 
nated WOg is a highly distorted picture, for the two of 
the W-0 distances are much larger than the four other 
distances to regard them as regular WO^ units. For 
instance, in the isomorphous NiWO, these distances are 
found to be 1.79 A for four W—O distances and 2.19 A 



Figure I. Raman spectra of CdWO, recorded at three different 
pressures with 514.5 nm line of the argon ion laser. The spectrum at 
** wolframite phase, which is the normal phase. The 

» OPa spectrum has changed and the strongest line representing the 
V, mode frequency (865 cm-‘) has dropped by 120 cm-' from that of 
the wolframite phase (985 cm-'), seen to the right. The sample has 
not fully converted to the new phase. The wolframite peak is marked 
by an arrow. The spectrum at 35 GPa represents purely the new phase 
(see text for explanation). 
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fiBurc ma o. Pressure dependence of the observed Raman peaks 
in the wolframite phase as well as in the new high-pressure phase. 
A phase transition is marked by sudden shifts in the Raman peak 
frequency as well as appearance of new peaks and disappearance of 
old p^s. The dotted line marks the transformation pressure The 
symbols s, m, w and vw appearing in the figure indicate the intensities 
of the Raman pe^s, strong, medium, weak and veiy weak, respectively. 
Sh IS shoulder. Solid lines have been drawn through the data points. 
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for the other two'^. Further, it has been pointed out*^ 
that the Raman frequencies of WO 4 in wolframite-type 
CdW 04 are consistent if the W-O coordination is 
regarded as tetrahedral rather than octahedral. 

The remarkable feature in the Raman spectrum of the 
high-pressure phase is that the mode frequency, which 
represents the totally symmetric W-O stretching vibra¬ 
tion, drops by about 120 cm"^ from that of the wolframite 
phase at the corresponding pressure (see Figure 1) and 
dominates the spectrum. This is precisely what would 
be expected if the W-O coordination becomes truly 
octahedral. When the coordination increases, the bond 
lengths increase, and the result is a drop in mode 
frequency. For instance, the Vj mode frequency of the 
octahedraL tungstate group (WOg) in Ba^CaWO^ (refs 
11 , 12 ) crystallizing in the ordered perovskite structure 
is about 100 cm“^ lower compared to that of WO 4 in 
tetrahedral coordination^. Comparing our results with 
the above we conclude that in the high-pressure phase 
of CdWO^ the coordination for W becomes truly oc¬ 
tahedraL This would require that the WO^ octahedrons 
form chains in the structure sharing four corners with 
neighbouring octahedra, or form zigzag chains sharing 
two edges, to preserve the W-O ratio. The Raman 
spectrum has other weak peaks in the high-frequency 
region which must be identified with the other internal 
modes appropriate for WO^ as well as with the external 
modes. Obviously, the crystal symmetry will decide the 
splittings of both the internal and external modes. Input 
from a high-pressure X-ray diffraction study is needed 
to identify the symmetry of the high-pressure phase, 
which will then enable one to assign the othef observed 
peaks. But the identification of the highest wave number 
peak with the Vj mode of the WO^ seems reasonable, 
and this is a valuable piece of information that we get 
from Raman spectroscopy, regarding the structure of 
the building block. Further, the change in colour of the 
sample after the 20 GPa transition would also be con¬ 
sistent with increase in coordination, for now the crystal 
field acting on the 5d states of W would be much 
larger, resulting in an enhanced 10 DQ splitting. This 
would lower the conduction band and reduce the optical 
gap, causing the observed colour change. 

Our high-pressure Raman studies on CdMoO^ (ref. 13) 
show two pressure-induced phase transitions, one near 
12 GPa and another near 25 GPa. From a detailed com¬ 
parison of the Raman features of the first high-pressure 
phase with that of wolframite-type CdW 04 it is clear 
that the first pressure-induced phase transition in CdMoO^ 
is from scheelite to wolframite type. In the second 
transition near 25 GPa the behaviour is very similar to 
that observed in CdWO^. The mode drops by about 
120 cm“^ and the spectrum is similar to that of the 
high-pressure phase of GdWO^. This indicates that the 
wolframite phase transforms to a structure in which the 
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Mo-0 coordination becomes octahedral. Thus, the results 
of CdMoO^ and CdWO^ are consistent. 

We have made optical observations under a microscope 
on thick (~ 50 |LLm) as well as thin (~ 20 |im) samples 
of CdWO^ in polarized and unpolarized white light. 
Remarkably, a pressure-induced phase transition that is 
not evident in the Raman results could easily be observed 
near 10 GPa. The sample is normally colourless in 
unpolarized white light and has a uniform colour in 
crossed polarization. The onset of the phase transition 
is marked by the sudden appearance of light grey bands 
inside the crystal when viewed in unpolarized light. In 
crossed polarization the effect is spectacular, for the 
sample transforms into parallel domains of different 
colours with sharp boundaries. These are illustrated in 
Figure 3 a-c. 

In crossed polarization thin samples show the colour 
domain vividly. With increasing pressure numerous grey- 
coloured parallel bands develop in the sample when 
viewed in unpolarized light, which in crossed polarization 
has a colour pattern corresponding to the bands in 
Figure 3 c. At the 20 GPa transition the pattern breaks 
up and is replaced by dark spaghetti-like regions, the 
sample acquiring a yellow colour. The yellow progres¬ 
sively changes to a deep orange colour with increasing 
pressure. Figure 3 d illustrates the appearance of a thicker 
sample near 40 GPa as seen by transmission under white 
light illumination. 

When pressure is released, the sample does not recover 
its original appearance, once it breaks up into domains. 
The grey bands are still seen and the originally observed 
uniform colour over the sample area in crossed polariza¬ 
tion is not restored. After the 20 GPa transition a reversal 
to a single crystal is not expected and this is borne 
out from our observations. 

The optical observations are strong evidence for a 
pressure-induced phase transition near 10 GPa. In fact, 
when the Raman data are examined critically, a few 
minor changes are seen, viz. small changes of slope in 
the pressure vs. Raman shift plot and a small (4 wave 
numbers) abrupt downward shift of the strong Raman 
peak near 304 cm~L Now the interesting question is: 
What is this subtle transition in the wolframite phase? 
A strong possibility is that the wolframite lattice 12/a 
takes on the C2/c symmetry of HgW 04 . would 
involve only a reorientation of the doubled unit cell of 
wolframite by a rotation around the ^-axis, as shown 
by Jeitschko and Sleight^ for the reverse case, namely 
the relationship between wolframite structure and the 
structure of HgMo 04 . In this transition the new unit 
cell volume would be the same, but the angle P is 
expected to be much larger than for wolframite CdW 04 , 
~ 115“ vs. 91.5°. Jeitschko and Sleight^ describe the 
differences between the two structures as follows. In 
both the structures the oxygens form close-packed layers 
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Figure 3. Photomicrographs (magnification x 400) of two CdWO, samples in the form a thin plate: a, b, c, taken with white liaht in crossed 
ci'^uroma"' about 0.5GPa, 9^7GPa and IlGPa, respectiveiy. The uniform pink colour indicates that ihe sample is siSrclysi inT tte 

domains Zlfiolv The®do ^ ml!® I" ‘^e pressure has been increaLd and le reZlt is that the 

domains multiply. The domains could be due to twinning or ferroelastic nature of the new phase, d, indicates the aoDearance of a thicker 

cZniZd ‘‘Sht (unpolarized) as the source, at a pressure of about 38GPa. The deep orange colour is believed to be 

connected with the second pressure-induced phase transition which involves a change in the W-0 coordination from basically tetrahedral to 
truly oc^edral coordination. The latter transition occurs near 20GPa and the colour of the sample progressTvety tuZs “ 
orange. The sample is practically colourless and transparent before this phase transition. ^ 


parallel to the b-c plane. However, the stacking of these 
layers is almost perfectly hexagonal close-packed in the 
CdWO,^ wolframite structure, while it would be close 
to cubic close-packing in HgMoO„, and HgWO,^. The 
wolframite-type CdWO^ adopting the HgWO„ structure 
would be consistent with the trends in high-pressure 
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crystal chemistry, namely that the structure of the com¬ 
pound down the column in the Periodic Table is a 
likely structure for the high-pressure phase of the 
analogous compound just above it in the same column. 
Single-crystal high-pressure X-ray diffraction on CdWO„ 
would be very rewarding in this connection and it is quite 
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feasible in the present case, since the transition pressure 
is lOGPa, within the reach of hydrostatic pressure. 

The subtle nature of the transition as reflected in the 
Raman results and the observed optical property changes 
would fit in the above picture. It is very likely that 
multiple twinning occurs during the transition and the 
domains are a direct consequence of it. Twinning would 
also explain the fact that the sample does not regain 
its original single-crystal character on release of pressure 
after the 10 GPa transition. The other possibility is that 
they are ferroelastic domains. The optical observations 
under a polarizing microscope demonstrate the power 
of this technique in revealing subtle phase transitions. 

Our picture then for the high-pressure transformation 
sequence in compounds is scheelite to wolframite, 

or wolframite-like phase and then to a phase with truly 
octahedrally coordinated BO^ units. There are other 
monoclinic structures closely related to wolframite for 
ABO 4 compound^ and they are a possibility as intermediate 
high-pressure phases, before the transformation to the phase 
involving a change to octahedral coordination. 
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Analysis of a conformation-specific epitope of the 
alpha subunit of human chorionic gonadotropin: 
Study using monoclonal antibody probes 


N. Venkatesh, G. Nagaraja and G. S. Murthy* 

Centre for Reproductive Biology and Molecular Endocrinology, Indian Institute of Science, Bangalore 560 012, India 


Monoclonal antibodies (MAbs) have been used exten¬ 
sively for identification of sequence-specific epitopes 
using either the ELISA or/and IRMA methods. How¬ 
ever, attempts to use MAbs for identification of 
conformation-specific epitopes have been very few as 
they are considered very labile. We have investigated 
the stability of conformation-specific epitopes of human 
chorionic gonadotropin (hCG) using a quantitative 
solid-phase radioimmunoassay (SPRIA) technique. 
Several epitopes are stable to mild modification (chemi¬ 
cal and proteolytic) conditions, and epitopes show 
differential stability for these modifications. Based on 
these observations, a monoclonal antibody (MAb 16) 
for an a-subunit-specific epitope of hCG has been used 
to monitor changes at the epitopic site (identified as 
epitope 16) on modification of hCG, using SPRIA with 


immobilized MAb 16. Modifications of amino groups, 
hydroxyl group of tyrosine as well as carboxyl group 
of Asp/Glu all bring about sufficient changes in the 
epitope integrity. Peptide bond hydrolysis at lysine 
residues damages the epitope, but not at arginine 
residues. Hydrolysis at tyrosine does not affect the 
epitope, though modification of the side-chain of 
tyrosine inactivates the epitope. Destruction of the 
epitope occurs on reduction of the disulphide bonds. 
Partial retention of the epitope activity is seen on 
modification of carboxyl or the e-amino groups of 
lysine. Based on these results four to six amino acids 
have been identified to be at the epitopic site, and the 
data suggest that two peptide segments are brought 
together by the disulphide bond Cysl0-Cys60 to form 
the epitope. 


Epitopes form a very important and specific immuno¬ 
chemical feature of a protein or a macromolecular 


*For correspondence. 


antigen, and this feature of the antigen is used extensively 
in the development of specific radioimmunoassays, 
immunodiagnostics, vaccines etc.*"^. Epitopes are classified 
into sequence-specific (contiguous) and conformation- 
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specific ^ (discontiguous, assembled, topographic) 
epitopes^""’. In fusion experiments MAbs are produced 
against both the sequence-specific and conformation- 
specific epitopes. Identification of these epitopes would 
reveal the immunochemical property of an antigen as 
well as provide useful clues to the three-dimensional 
structure of the antigen molecule. Current methods of 
analyses of sequence-specific epitopes using the synthetic 
peptides are popular and very widely used"-”. However 
contradictory views exist as peptide fragments are poor 
substitutes for native antigen'*-"^ This may be because 
of the inability of the synthetic peptides to adopt the 
conformation similar to that of the native protein. 
Majority of antigenic determinants, which seem to consist 
of strongly conformation-dependent epitopes as revealed 

-^’ 26^31 data and peptide binding 

studies , could not be uncovered by peptide approach 
With the present state-of-the-art of peptide synthesis it 
is difficult to alter the conformation of peptides syn¬ 
thetically. Yet a generalized approach is not seriously 
attempted for the identification of conformation-specific 
epitopes, even though a need for it is felt acutely^-^^ 
We have recently developed a quantitative solid-phase 
radioimmunoassay (SPRIA) technique using MAbs which 
extends the utility of low-affinity MAbs as well as MAb 
culture fluids to use them as quantitative probes for 
assessment of epitope integrity. Using this analytical 
method we demonstrate that in hCG several confor¬ 
mation-specific epitopes are differentially stable to treat¬ 
ments like enzyme digestion, chemical modification 
etc., and utilize the MAb SPRIA to identify the amino 
acto residues contributing to the integrity of the a-specific 
epitope 16. 

Materials and methods 

Human chorionic gonadotropin (hCG) was immuno- 
affinity-purified from early pregnancy urine. SDS- 
polyacrylamide gel electrophoretic pattern was identical 
to purified CR 125 preparation, NIH. lodogen method^'* 
was used to iodinate hCG to a specific activity of 
50 lJ.Ci/p,g. All assays were performed using MAb culture 
supernatants generously provided by Rajan Dighe, 
CRBME, IISc. The production and characteraction of 
the MAbs have been described previously^^. Na”^I 
(carrier-free) was purchased from Amersham, UK. All 
other reagents were of analytical grade. 

Preparation of MAb-coated tubes 

High-density polyethylene tubes were coated with an 
immunochemical bridge using a procedure similar to 
that described earlier for rabbit system^^ These tubes 
were washed with RIA buffer, coated with appropriate 


dilution of MAb, and left at room temperature overnight. 
The following day the MAb solution was poured out, 
washed twice with RIA buffer and stored at 4°C until’ 
use. 


SPRIA 

MAb-coated tubes were incubated with 100 |j,l of ”%CG 
(100,000 cpm) and serially diluted standard hCG or 
modified hCG in a total volume of 600 pi of RIA buffer 
for 20 h at room temperature. On the subsequent day 
the contents of the tubes were discarded, washed twice 
with RIA buffer and counted in an LKB multigamma 
counter. ”ThLH was used as a tracer in SPRIA for 
MAb 3 because of its better binding. 

Chemical modifications of hCG 

(a) Acetylation was done using acetic anhydride 
according to the established procedure^'^. Briefly, 
200 pg of hCG in 60 pi of half-saturated sodium acetate 
was reacted with a total of 2 pi of acetic anhydride 
taken in saturated sodium acetate and vortexed, and the 
reaction allowed to occur for 10 min at 0°C. Acetic 
anhydride was added 4 times at intervals of 10 min for 
completion of the reaction. At the end the reaction 
mixture was diluted to 1 ml with water and stored for 
further reactions/assays at -20°C. 

(b) Trinitrobenzene sulphonic acid (TNBS) reaction 
was carried out in 1 % sodium bicarbonate solution at 
hCG concentration of 5 mg/ml and TNBS concentration 
of 0.15%, at 37-40-C for 2h (ref. 38). The reaction 
was terminated by addition of 1 mg glycine in 50 pi 
water. The solution was made up to 1 ml in water and 
stored at -20°C. 

(c) Biotinylation was carried out by the standard 
procedure using N-hydroxysuccinimidobiotin^^ 150 pi of 
4 mg/ml hCG in 1 % sodium bicarbonate solution was 
mixed with 150 pi of a solution of N-hydroxysuccinimido- 
biotm (4 mg/ml in dimethyl formamide, DMF) over¬ 
night at room temperature. hCG with DMF was 
incubated as control. The reaction was terminated by 
adding 5 mg lysine and the solution was made up to 

1 ml with water and stored at - 20 °C 

(d) Glutaraldehyde-diaminoethane reaction was car¬ 
ried out by reacting 200 pg of hCG (200 pi water) with 

2 pi of glutaraldehyde taken in 100 pi water, and incubat¬ 
ing at room temperature for 2h. The reaction was 
terminated by adding 100 pi of 5 % ethanolamine/ 
diethylamine/glycine at pH 7 and diluted to 1 ml with 
water and stored at -20°C until use. 

(e) Tyrosine modification was done using tetraniPo- 
methane (TNM) by the standard procedure'*'*. 10 mg/ml 
hCG in 1 % sodium bicarbonate (20 pi) was reacted with 
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5 ^.1 of 1% TNM in absolute ethanol. The reaction was 
allowed to occur for 2 h at room temperature and 
terminated by diluting the reaction mixture to 1 ml with 
water containing 1 mg tyrosine in phosphate buffer, pH 
7.0. 

(f) Cleavage of methionine bonds was done by the 
standard procedure"^^ using cyanogen bromide (CNBr). 
Suitable hCG control was also obtained by incubating 
hCG in 70% formic acid. After the reaction the solution 
was lyophilized and diluted with water and stored at 
»20°C. 

(g) Modification of carboxyl groups was done using 
the procedure of Rice and Etzler'^l Briefly, 50 pg hCG 
(20 pi) in phosphate buffer, pH 5.0, was mixed with 
20 pi of 15% diaminoethane and reacted with 20 pi of 
freshly prepared 0.2 M Pethyl-3-(3-dimethyl-aminopropyl) 
carbodiimide (EDAC) in water. The reaction was ter¬ 
minated at the end of 3 h (room temperature) by adding 
60 pi of 5% glycine, the volume was made up to 1 ml 
with water and stored at ~20“C. 

Enzymatic modification. Trypsin, chymotrypsin, carboxy- 
peptidase A (CPase) and leucineaminopeptidase (LAPase) 
digestions were done by the standard procedure. All 
digestions were done at pH 8.0 in 0.2 M sodium bicar¬ 
bonate solution at 37“C. The concentration of hCG used 
was 2 mg/ml while that of trypsin and chymotrypsin 
was 1 mg/ml each. CPase and LAPase were used at 
10 pl/digestion. The digestion was terminated by diluting 
the mixture with RIA buffer containing 1% bovine 
serum, and stored frozen at --20“C until assay. 

Chymotryptic digestion followed by CPase digestion. 
Chymotryptic digestion was done in duplicate as already 
described. The digestion was terminated by inactivating 
the enzyme with PMSF (1 mg). The tubes were lyophil¬ 
ized. One of the tubes was digested with 10 pi of CPAse 
A overnight at 37“C. 

Estimation of the amino group. Amino groups in 
proteins were estimated"^^ using glutamic acid as standard. 

SDS-Polyacrylamide gel electrophoresis. SDS-PAGE 
was carried out using PhastGel gradient 8-25 and Phast- 
Gel SDS buffer strips from Pharmacia as per manu¬ 
facturer's instructions. Samples were dissolved in buffer 
containing 10 mM Tris • HCl, 1 mM EDTA, 2.5% SDS 
with or without 5% p-mercaptoethanol, left in boiling 
water bath for 5 min and cooled, and a load of 
500ng/pl was applied. Silver staining was done using 
the standard procedure. 

CNBr digestion and chymotryptic cleavage. CNBr 
digestion was done by the standard procedure and the 
hydrolysate was dried over NaOH in a vacuum desiccator. 
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This was dissolved in phosphate buffer and digested 
with chymotrypsin as already described. 

Circular dichroism (CD). CD spectra of hCG and its 
TNBS derivative were recorded between 190 and 250 
nm at room temperature with 1 mm path length quartz 
cell, using a Jasco J-500A spectropolarimeter equipped 
with 50IN data processor. Spectra were averaged over 
four accumulations. Protein concentrations were based 
on dry weight (0.5 mg/ml in 10 mM NaHC 03 ) and the 
results reported as molar ellipticity values in units of 
deg cmVdmol. 

Results 

The extent of hydrolysis as assessed by quantitating the 
increase in amino groups in hCG (Table 1) after treatment 
with trypsin, chymotrypsin and subtilisin, and its effect 
on the integrity of several epitopes as measured by 
MAb SPRIA is shown in Table 2. In the case of 
subtilisin digest the number of peptide bonds hydrolysed 
is about 16 and results in 90% loss of binding activity 
as would be expected. The number of amino groups 
hydrolysed as measured by the TNBS method is as high 
as 11 (trypsin) and 4 (chymotrypsin) for digestion at 
24“C and 12 (trypsin) and 8 (chymotrypsin) at 37°C. 
Thus, about 66% of the possible tryptic sites and 70% 
of the chymotryptic sites are cleaved at 37“C. In spite 
of this high percentage of peptide bond breakage, the 
structures of several epitopes are not affected (epitopes 
3, 6, 16 and 21 for chymotryptic digestion and epitopes 
3 and 21 for tryptic digestion, and epitope 3 for TNBS 
reaction) or only partially affected in all other cases 
(retention of activity to > 20%), with significant loss of 
activity occurring at epitopes 16, 21 and Dll for TNBS 
modification, demonstrating the rigidity of the confor¬ 
mation of these specific epitopes for certain modifications 
and their susceptibility to other modifications. It should 
be noted that the stability pattern is not the same for 
all MAb and each MAb shows its own characteristic 
pattern. 

The SDS gel electrophoretic profile of the native hCG 
(Figure 1) shows two bands corresponding to 


Table 1. Estimation of amino groups in hCG and proteolysed hCG 


Enzyme used 

Max. 

susceptible bonds 

Amino groups 
measured 

Peptide bonds 
hydrolysed 

None 

_ 

12 

0 

Trypsin 

18 

23* 

11 



24 ** 

12 

Chymotrypsin 

11 

15* 

4 



20** 

8 

Subtilisin 

— 

28** 

16 


*Digestion done at 24‘‘C. 
**Digestion done at 3TC. 
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Table 2. Binding activity of proteolysed/modified hCG to different MAbs as assessed by SPRIA 


Enzyme 

No. of bonds 



Activity (%) to 



used 

hydrolysed 

MAb3 

MAb6 

MAbl6 

MAb21 

MAbDl 1 

None 

Trypsin 

Chymotrypsin 

hCG-TNBS 

hCG-subtilisin 

None 

12 

8 

16 

100 

600 

600 

100 

100 

5 

90 

73 

100 

66 

90 

11 

10 

100 

100 

25 

4 

11 

100 

20 

20 

4 

8 


5 4 3 21 


KDa 

66 - 

45 - 

36 - 

29 - 

24 - 

20.1 - 

14.2 - 


Figure 1 . SDS-PAGE of hCG and its tryptic digest: lanes 1 & 2, native 
hCG under nonreducing and reducing conditions; lanes 3 & 4, tryptic-digested 
hCG under nonreducing and reducing conditions; lane 5, molecular weight 
markers (Sigma). Load was 500 ng in all cases and the bands were visualized 
by silver staining, 

ability of epitopic region to bind to MAb 16) of hCG 
on different chemical modifications shown in Table 3 
indicates that all modifications of amino and carboxyl 
groups result in partial loss of activity from derivatives 
obtained at saturating concentration of the modifying 
reagent (Figure 3, where data are presented on the 
retention of activity with increasing concentration of 
TNBS used in the reaction). Complete loss of activity 
results only on modification of tyrosine by TNM. Neither 
formic acid nor peptide bond cleavage of methionine 
causes significant loss. 

In contrast to these chemical modifications, enzymatic 
modifications resulted in no loss/marginal loss of activity 
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a and p subunits (lane 1) under reducing conditions. 
On digestion with trypsin these bands disappear com¬ 
pletely, indicating that the large molecular subunits on 
proteolysis have been converted to small molecular 
peptides. In contrast, the digested hCG run under non¬ 
reducing conditions still shows large molecular subunit 
bands, indicating that the digested subunits are held 
together. 

The elfect of tryptic digestion (Figure 2, curve a) 
and acetylation (Figure 2, curve b) of hCG on its 
binding ability (immunoactivity) to MAb 16 shows 
a loss of 20% and 93% respectively. The extent of 
reduction of the binding activity (always refers to the 
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under normal conditions of digestion with trypsin, 
chymotrypsin, CPase and LAPase. However, digestion 
with trypsin at high concentrations (3 mg/ml) resulted 
in 80% loss of activity. Amino group modification of 
hCG with either acetylation or TNBS protected the 
epitope against trypsin digestion. While chymotrypsin 
or CPase individually did not affect the activity of the 
epitope, CPase digestion of the chymotryptic digest 



5 10 20 50 100 200 , 


hCG (ng/tube) 

Figure 2. Displacement of ‘“l-hCG from immobilized MAb 16 by 
control hCG (curve c), tryptic-digested hCG (curve a) and acetylated 
hCG (curve b). Tryptic digestion was done at a trypsin concentration 
of 1 m^ml and hCG concentration of 2 mg/ml. 


resulted in a loss of activity of about 30%. In another 
coupled digestion chymotryptic digestion of CNBr-treated 
hCG resulted in retention of activity of as much as 
50%. 

The CD spectra of hCG (Figure 4) were consistent 
with earlier reports'*'* '*^ giving a negative CD band at 
207 nth. The results of CD spectra of TNBS derivative 
indicate that no major conformational alterations have 
occurred due to modification with TNBS. Thus, the 
observed loss in epitope activity can be ascribed to the 
modification rather than any gross conformational 
change. This conclusion is further supported by the 
observation that all chemically modified derivatives exhi¬ 
bited retention of immunoactivity with one or other 
a-specific MAbs. 

Identical results were obtained using modified deriva¬ 
tives of free a subunit (Table 4). As in the case of 
hCG, TNBS and TNM modifications resulted in loss of 
activity, while enzymatic modifications with trypsin and 
chymotrypsin resulted in partial/complete retention of 
activity. This observation clearly demonstrates that the 
presence of the P subunit is not blocking this epitope. 

Discussion 

Most of the studies on epitope mapping have been 
directed against sequence-specific epitopes, using peptide 
synthesis as a powerful tool in their recognition 
However, use of synthetic peptides has limitation in the 
studies on conformation-specific epitopes'*’^^ as the con¬ 
formation cannot be designed to that of native molecule 
by peptide synthesis. In addition, synthesizing disulphide- 
constrained peptides is rather difficult. Hence, attempts 
to use synthetic peptides have been limited, too laborious 
and expensive to be adopted routinely. Alternative ap- 


Table 3. Effect of chemical modifications and enzymatic digestion of hCG on the bind¬ 
ing activity to MAbl6 as assessed by SPRIA 


Chemical modification 

Group Percentage 
Reagent modified activity retained 


AC2O 

TNBS 

Biotinyl 

GLD-DAE 

TNM 

HCOOH 

CNBr 

CDLDAE 


Meth. 

Glu/Asp 


Enzyme used 

Trypsin 
Chymotrypsin 
CPase 
LAPase . 
AchCG + Tryp. 
CNBrhCG + 
Chymotrypsin 
hCG-Chym + 
CPase A 


Enzyme digestion 

Amino acid Percentage 
hydrolysed activity retained 


*Trypsin cone, of 3 mg/ral, 2.5 h at 3rc. 

**Trypsin cone, of 1 mg/ml, 2.5 h at 37“C. 

^he activity expressed is against acetyl hCG and CNBr-hCG taken as 100%. respectively 
All ammo group modifications were complete, checked by TNBS 

a!.^ as measured by TNBS. 

Ac, Acetyl, Gld, Glutaraldehyde; DAE, Diaminoethane; CDI, carbodilmide. 
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Figure 3. 
of TNBS. 


Inactivaiion ol epitope 16 in liCG by varving eonccntraiions 



l-iKurc 4. CD spectra of native hCG {-□-) and TNBS-niodtftecI 
uenvative (-A-). 
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Table 4. Effect of modification of the a subunit of hCG on 
_ epitope 16 


Modifying 

reagent 

Group modified 

Percentage 
activity retained 

TNBS 

e amino groups 

3% 

TNM 

Side-chain of Y 

<0.1 

Trypsin 

K and R peptide bonds 

50 

Chymotrypsin 

Y and F peptide bonds 

100 


proaches for their study have not been attempted seriously 
as conformation-specific epitopes have been shown to 
be labile and inactivated easily'*^. The use of conventional 
approaches used in epitope mapping, . namely ELISA, 
IRMA, etc., suffer from the disadvantage that they are 
mostly semiquantitative and limit the technique to high- 
affinity MAbs'*^’'’*. With the development of a MAb- 
SPRIA we were able to investigate quantitatively the 
effect of different types of modifications which do not 
destroy the native disulphide bonds on different epitopic 
regions, like proteolysis, chemical modification, etc. The 
results obtained indicate that several conformation- 
specific epitopes on hCG are stable to a variety of 
treatments and show the feasibility of development of 
a simple approach for identifying the amino acid residues 
at the epitopic region. 

Proteolytic digestions of hCG have been carried out 
at very high concentrations of enzymes to ensure maximal 
proteolysis. Nonspecific proteolysis using subtilisin 
(Table 1) causes the hydrolysis of sufficient number of 
peptide bonds and results in more than 90% loss of 
structure in all epitopes investigated, as would be expec¬ 
ted. Considering that the best of peptides to sequence- 
specific epitopes exhibit only about 1% cross-reactivity 
compared to their native structure in the protein, retention 
of activity up to a level of 20-100% after 4 h hydrolysis 
at 37°C with specific proteases like trypsin and 
chymotrypsin indicates the stability of several epitopes 
to proteolysis at Lys/Arg and Try/Phe residues. As seen 
from Table 2, four of the five epitopes used here are 
stable to either tryptic or chymotryptic proteolysis. It 
is certain that hydrolysis under these conditions has 
occurred by SDS gel electrophoretic pattern of the digest 
where reduction of the disulphide bonds results in com¬ 
plete disappearance of the large molecular weight frag¬ 
ments, and amino group estimations of hydrolysed hCG 
(Table 1) using TNBS. In both the digests 65—80% of 
the susceptible bonds are hydrolysed. Yet, the loss of 
activity as seen by SPRIA is insignificant in most cases, 
and where marginal loss of activity is seen (like MAb 
Dll and 6 for chymotryptic digest), the retention of 
the activity is far superior compared to the best achieved 
ith an identified peptide in sequence-specific epitopes 
The unusual stability of the epitope can possibly be 
attributed to the disulphide bonds. Each one of the 
epitopes loses more than 99% activity on reduction and 
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carboxymethylation. X-ray crystallographic structure of 
hCG published recently, also indicates that the disul¬ 
phides are very closely clustered, conferring rigidity to 
the peptide chains in proximity 

The number of peptide bonds cleaved by trypsin under 
the conditions of hydrolysis is at least 12 of the possible 
18, and yet the digest remains associated (Figure 1). 
This indicates the rigidity of heterodimer association, 
probably due to the extensive disulphide network. Based 
on these data, enzymatic hydrolysis of hCG results in 
only a superficial damage to the three-dimensional struc¬ 
ture of the molecule as a whole. It would be interesting 
to know whether this observation is true for other 
proteins which do not have such an extensive disulphide 
bond reinforcement. 

These results demonstrate the feasibility of proteolysis 
in conjunction with assessment of MAb activity as a 
powerful tool in identifying the amino acid residues 
contributing for the epitope conformation. TNBS 
modification of the amino groups of lysine residues 
results in a loss of about 90% activity (Table 2) in 
epitopes 6, 16 and 21, while the integrity of epitopes 
3 and 6 seems to be unaltered. The gross structural 
integrity of the chemically modified hCG is evident 
from the CD spectra (Figure 4) and this attributes the 
losses of activity seen for epitopes 16, 21 and Dll to 
the presence/proximity of the 8 amino groups of lysine 
residues in these epitopes. In contrast, the epitope regions 
3 and 6 are not significantly altered by TNBS reaction, 
ruling out the proximity of the 8-amino group of lysines 
near these epitopes. Retention of epitope activity by 
TNBS modification of hCG in epitopes 3 and 6 clearly 
demonstrates that these epitopes do not have a side-chain 
residue of lysine nearby. This observation, namely dif¬ 
ferent modifications affecting epitope integrity dif¬ 
ferentially, provides us with a tool which has been used 
in the analysis of epitope 16, described in the following. 

Chemical modification of the amino groups of lysine 
residues done by several methods (Table 3) demonstrates 
that there is a significant loss of activity. While acetyla¬ 
tion and glutaraldehyde-DAE modification reduces the 
activity by 90%, other reagents namely biotinylation 
and TNBS, reduce the activity by >95%. The CD data 
of the TNBS derivative (Figure 4) clearly show that 
gross structural changes are not occurring on modifica¬ 
tion. Thus, the loss of the activity of the epitope on 
modification may be ascribed to the presence of the 
8 amino group of a lysine residue at or near the epitopic 
region. Similarly, the side-chain of tyrosine is very 
closely associated with this epitope, as TNM modification 
results in almost total loss of activity. Here again the 
loss of activity cannot be ascribed to gross structural 
changes as the CD spectra of the TNM derivative rule 
out such a change. The presence of a carboxyl group 
near the epitope is also obvious as chemical modification 
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of carboxyl groups reduces the activity to nearly 25%. 
These data clearly put a lysine, a tyrosine and an acidic 
amino acid at the epitope region. Reduction and car¬ 
boxymethylation of the disulphide bonds of hCG com¬ 
pletely abolish the activity (>99.9%) indicating the 
importance of the disulphide bridge in the integrity of 
the epitope. 

Enzymatic hydrolysis of the hCG/derivatives (Table 3) 
indicates an important role for the peptide bond of a 
lysine or an arginine residue as hydrolysis by trypsin 
at low concentrations eliminates the activity significantly 
(30%), and to a great extent at high concentrations of 
trypsin (90%). This observation indicates that this bond 
is not easily susceptible to enzyme digestion, as has 
been shown earlier^^. Tryptic digestion of acetylated 
hCG does not result in further loss of activity, and 
hence rules out the importance of arginine residue in 
the integrity of the epitope (Table 3). Similarly, a role 
for the peptide bonds of Y or F is ruled out as 
chymotryptic hydrolysis does not cause loss of activity. 
Retention of full activity by both LAPase digestion and 
CPase A digestion puts the terminal portions of the 
molecule away from the epitopic site. Hydrolysis of the 
peptide bond adjacent to methionine residues is also 
not important, since the CNBr-treated hCG retains com¬ 
plete activity. 

The results of chemical modification of the a subunit 
also lead to the same conclusions. Proximity of a K 
and a Y side-chain is clearly indicated (Table 4). Similarly, 
the involvement of a lysine carboxyl peptide bond is 
obvious. Thus, all these results establish that the presence 
of the (3 subunit has not altered the epitope region. 


PRIMARY SEQUENCE OF hCG ALPHA SUBUNIT 

9 10 

1 APDVQDCPECTLQENPFFSQ 

21 PGAPILQCMGCCFSRAYPTP 

60 

41 LRSKKTMLVQKNVTSESTCC 

•61 63 65 

61 VAKSYNRVTVMGGFKVENHT 

88 90 92 

81 ACHCSTCYYHKS. 

Modification data indicate that the epitopic region is 
comprised of residues of lysine, tyrosine and an acidic 
amino acid nearer to a disulphide bond. Primary structure 
of the a subunit has one sequence having all the three 
amino acids in close proximity (Y88-S92). CPase 
hydrolysis does not result in loss of the epitope activity 
and hence rules out the contribution of these residues 
to the epitopic structure. However, there are other 
sequences C60-Y65 and CIO—E9, which bring the three 
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ammo acids to proximity through the disulphide bond 
C60-C10. Thus, tentatively we can identify E9-CI0 and 
C60-K63-Y65 to be the sequences at the epitopic region. 

Elimination of other Tyr and Lys residues can be 
done indirectly. Thus, K44 and K45 are eliminated 
because GNBr-hCG when treated with chymotrypsin 
retains almost 50% activity, a process wherein elimination 
of the peptide bond 33-47 is effected. K75 can be 
easily eliminated because of the stability of the epitope 
to chymotryptic digestion as well as its distance from 
a disulphide bridge. X-ray structure also puts this amino 
acid residue away from the core'l Lys 90 is eliminated 
on the basis of the stability of the epitope to CPase 
digestion of hCG. Lys 51, while near an acidic group 
IS far away from a disulphide bond. These results point 
out to a region as probable epitope region for MAb 16 
(Figure 5 a). 

This conclusion is further substantiated by the obser¬ 
vation that CPase digestion of chymotryptic digest causes 
30% loss of activity. This is because the chymotryptic 
digest partially cleaves the Y65, exposing a tyrosine 
for CPase digestion, which causes the removal of Y65, 
resulting in loss of activity. Loss of activity to only 
30% may indicate relative inaccessibility of Y65 to 
proteolysis, documented earlier^". Our own data (Table 1) 
also point to the inaccessibility of this region to 
proteolytic digestion. 

Based on the above experimental data, we propose 
that the region corresponding to this epitope is as shown 
in Figure 5 a. The amino acids identified directly by 
chemical modification procedure are E9 CIO C60 K63 
and Y65. ’ 

The data presented here convincingly show the impor¬ 
tance of the disulphide bonds in the formation of this 



t.gurc 5. a. Epitope region of MAb 16. Underlined letters repiusent 
the ammo acids identified by cheniical/enzymatic modification.s. Di.sul- 
phides are presented by hatched bars. Numbers represent the position 
ot ammo acid in the pnmary sequence of the molecule, b. Schematic 
drawing of hCG a subunit highlighting the rigid disulphide core. 
Hatched bars represent the disulphide bonds. Epitope region 16 is 
mdicated by the thick line (disulphide links are as per ref. 21 and 
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epitope. Hydrolysis of several peptide bonds does not 
alter the epitope structure, but reducing the disulphide 
bonds keeping each of the peptide bonds intact results 
in complete loss of activity and, hence, epitopic structure. 
This conformation-specific epitope seems to be almost 
a sequence-specific epitope through disulphide bridges 

HI 6(1 66 

(EC-CVAKSYN). It is notable that breaking the peptide 
bonds at 60—82 loop and/or 32—60 loop (by digestion 
v/ith trypsin, chymotrypsin or CNBr) does not affect 
the integrity of this epitope. Thus, the integrity of this 
epitope is maintained more by disulphide bonds than 
by peptide bonds. The stabilizing force may not be the 
disulphide bond 10-60 exclusively. The rigid network 
of disulphide structure comprising cystine loops 7-31, 
10-60, 59-87 and 84-32 (Figure 5) presents a structure 
(stable to proteolysis) which may be a strong force in 
keeping the integrity of this epitope. However, it is not 
possible m analyse the exact contribution of this network 
of the disulphide stmctures to the epitope stability in 
this case as the aminoacids 7-10 and 84-87 are not 
susceptible to any type of mild chemical or enzymatic 
cleavage, and selective reduction of these disulphide 
bonds has not been reported. 

One of the arguments against the logic developed for 
analysis of epitopes by this method is that a modification 
at a site may induce conformational relaxation in the 
molecule at a distant epitope region. It is unlikely that 
a positive proof for or against this argument can be 
obtained. However, a large number of modifications like 
tryptic digestion (12 peptide bonds are cleaved), 
chymotryptic digestion (9 peptide bonds are cleaved) 
and TNBS modification (12 amino groups are modified) 
should induce sufficient long-range relaxations all over 
the molecule (all these modifications whether proteolysis 
or chemical modification are uniformly distributed, as 
can be seen by the sequence) and yet the effect on'the 
epitopic activity is very specific. In addition, it is seen 
that modification of the amino group with different 
reagents like acetic anhydride, TNBS, biotin or GId—DAE 
brings comparable loss of activity in spite of different 
side-chain groups (Table 3). These observations provide 
an indirect evidence that conformational relaxation at 
distant epitopic regions may not be the reason for the 
specific effects seen. This is possible considering that 
hCG has a very rigid, interwoven network of disulphide 
bridges. It would be interesting to know how the integrity 
of epitopes of a protein with few disulphide bridges is 
affected by modifications, as done above. 

Currently available methods for identification of amino 
acid residues at conformation-specific epitopes rely on 
X-ray crystallographic data of Ag-Ab complex"' or 
cross-species comparison using naturally occurring 
variants or mutant chimera"^’”. These methods, though 
powerful, are adopted rather rarely as the method has 
no easy accessibility/adoptability to most of the 
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laboratories. The method we have described above has 
an easy adoptability to routine laboratory with RIA 
facility, and is inexpensive and faster for identification 
of amino acid residues at epitopic regions. Our own 
experiments done with several epitopes of hCG indicate 
that this method is extendable to other epitopes of hCG 
and has the potential to become a general method for 
identification of epitopic regions for proteins with ex¬ 
tensive disulphide bonds like gonadotropins. In addition, 
the method will have a greater reach to most of the 
laboratories when the RIAs are converted to EIAs, for 
which attempts are in progress. 
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It is shown that the formal consistency of a locally 
diffusive motion on the metallic side of the mobility 
edge for a disordered system with the Schrodinger 
equation implies a minimum metallic diffusivity 
Anin = K/'^. Its implification for the physics near 
the mobility edge is discussed. 


Metallic conductivity a implies diffusivity D through 
the Einstein relation for the degenerate electron system, 
namely, ct = e^DN ^. For a quench-disordered conductor, 
this poses the question of formal consistency of the 
diffusive equation for the probability density with the 
Schrodinger equation for the probability amplitude. In 
what follows we address this question and find the 
suiprising result that a necessary condition is 

■^min = ^/2m. 

Consider a phase space wave packet initially localized 
around the origin and constituted from the extended 
energy eigenstates close to the Fermi energy (counted 
as zero of energy) which is taken to lie just on the 
metallic side of the mobility edge for the quench- 
disordered system. 

Rewrite the Schrodinger equation for the wave packet 
= /?(x, r)e'«*'‘> = 
as 


-n^ = ^ 


(V(t))2-i-V- 


along with the continuity equation 

f+iv.(pvt) = o 


( 2 ) 

(3) 


with p = \i/*\)/. 

Now, we would like the continuity equation for the 
probability density to converge asymptotically to the 
diffusive form 


dt 


Z)V'p. 


(4) 


Comparing eqs. (3) and (4), we at once get a condition 
for this to be so in terms of a and P, which is 

i (5) 

assuming Va to be irrotational. 

We now substitute in eq. (2) from eq. (5) and rearrange 


Now, averaging over the disorder V and noting that 
odd-symmetric quantities, i.e. (p) = V^(P) = (y) = 0, 
while ((Vp)^) 0, we necessarily have 



Here, of course, we have regarded £) as a self-averaging 
quantity. This is reasonable as we know that on the 
metallic side of the mobility edge in three dimensions 
the conductance fluctuations are universal (~ e-/h), but 
the conductivity fluctuation is ~ (eVh) (1/L) and, there¬ 
fore, vanishes in the infinite sample size (L) limit. We 
must note that our sample size L is always taken to 
be essentially infinite (» any correlation length ^ that 
may exist as we approach the mobility edge). This 
ensures that we are always in the local diffusive regime 
in that the mean-squared displacement grows linearly 
in time as 2Dt. For L<^, the diffusion constant itself 
can, of course, be Z,-dependent. This is, however, quite 
different from the anomalous diffusion, where the mean- 
squared displacement does not grow linearly with time. 
Further, we have insisted on the local diffusion equation 
(4) and this forces us physically to the limit when the 
mean free path equals the microscopic length - the Fermi 
wavelength - the lattice discreteness. The latter implies 
that we should be closest to the mobility edge, but on 
the metallic side. Thus, fi/2m is to be taken as the 
minimum possible value of D to ensure local diffusion. 

As to Ae general conceptual question of how diffusion 
of an initially localized wave packet may come out of 
the Schrodinger equation with quenched (static) disorder, 
we consider the following. Of course, in the static 
random potential there is no dissipation and hence no 
irreversibility that one normally associates with the 
inelastic (incoherent) scatterings. Indeed, in the strictly 
fine-grained sense there is no irreversible diffusive spread 
of the electron wave packet, and eq. (3) is time-rever¬ 
sal-symmetric (i.e. under and <t)- 4 -(|)). This old 

problem' is the same as that discussed recently by Imry^ 
in the context of the nonzero real part of the dc 
conductivity. The point is that for the extended states 
the level spacing scales to zero as the system size tends 
to infinity, i.e. the poles produce a cut. Then arbitrarily 
small level broadening will ensure the phase-mixed- 
upness of the otherwise pure state and thus ensure 
irreversibility in the long-time limit. This is really an 
analogue of the collisonless Landau damping! Indeed, 
Mott and Kaveh^ have discussed the diffusion equation 
as arising from the Schrodinger equation for a disordered 
system. 
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The above derivation strongly suggests that there exists 
a minimum metallic diffusivity having a universal 
value f[/2m whenever a mobility edge is known to exist. 
The question now is whether or not this implies a 
minimum metallic conductivity"^ through the Einstein 
relation a = e^DN^. This brings us to an oft-stated but 
seldom proven theorem^, namely, that the localized states 
cannot coexist with (be at the same energy) as the 
extended states. And this notwithstanding the well-known 
counterexamples of the Wigner-von Neumann construc¬ 
tion of such states^. The latter seem to be dismissed as 
nongeneric. If the coexistence is denied, the on the 
metallic side of the mobility edge counts the total 
density of states (there being no coexisting localized 
states) and then D^.^ = fi/2m would imply a 
=e^D . In this connection it is worth noting 
that the ultrathin films of Bi on Ge substrate show^ a 
limiting normal metallic conductivity of 4e^/h (cor¬ 
responding to a sheet resistance 6,5 kD.IO) for the 
separatrix dividing the insulating and the superconducting 
phases at OK. This may well be associated with the 
preexisting local electron pairs where the correlated 
motion of the pairing electron escapes the tyranny of 
two-dimensional (2D) localization. Now, it is interesting 
that our universal = fi/2m, along with = (m/nh^) 
for J = 2 does indeed give a^ = 4eV/i. We would like 
to call it the of Mott recovered through delocalization 
by pairing in two dimensions. This may be the case 
for all insulator-superconductor transitions with a nor¬ 
mal-state separatrix for the ultrathin films. 

There is, however, the question of the fine structure 
of the mobility edge for d = 3, where the conductivity 
is experimentally believed to vanish continuously^ at 
the mobility edge in a narrow critical region with a 
critical exponent How is this consistent with 
^min 0? A possible solution consistent with 0 is 
to assume that A^p = Ap(localized)-i-A^p(extended). What 
then enters the Einstein relation is, of course, the 
A^p(extended), which can vanish at the mobility edge 
keeping the total continuous and noncritical, as is 
known to be the case. It is not clear how this two-spectral 
fluid hypothesis^, i.e. A^p(jE)=Ap(localized)+A^p(exten- 
ded), really differs from the asymptotic form of the 
resonance-like wave function in three dimensions ad¬ 
duced by Kaveh and Mott^. Such quasilocalized resonant 
states are strongly suggested by some recent works*”’ 
We think that a proper discussion on this point is yet 
to take place. 

Finally, two technical remarks are in order. First, the 
validity of our eqn. (5) at any point x demands that x 
not be a node where \|/(x) vanishes. But this condition 
is naturally obeyed by all diffusive states. Indeed, vanish¬ 
ing of \|/(x) would imply vanishing of 
p(x) = \j/*(x) \|/(x), which is ruled out by the fact that 
p(x) is requested to obey the diffusion equation (3). 


The second point concerns the absolute value 4e^/h for 
the sheet conductance of films referred to in the text, 
i.e. for Bi films on Ge. The point is that the effective 
band mass does not appear in the expression, and the 
correction to the density of states due to disorder or 
interaction is cancelled by the vertex correction, at least 
perturbatively - the well-known cancellation theorem 
valid in the absence of a pseudo gap*^. 
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A detailed topographical investigation on the 
molecular electrostatic potentials (MESPs) of different 
conformers of acetaldehyde, nitrous acid and 
hydroxylamine has been carried out at the ab initio 
SCF level using TZ2p, 6-31G* and STO-3G basis 
sets. In general, large regions of negative potential 
have been observed. An attempt has been made to 
correlate these potentials with biological activities of 
the molecules. Mutagenic and toxicological properties 
appear to be related to the presence of these large 
negative zones. 

Molecular electrostatic potential (MESP) is now an 
established tool for the study of the stereoelectronic 
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attributes and properties of binding molecules which 
would significantly contribute to the elucidation of 
biochemical phenomena'”^ Even long-range electrostatic 
interactions have now been shown to be important for 
a number of biological reactions including folding of 
proteins, deterinination of pKa’s of the ionizable residues 
etc. . The affinity of a particular molecule for a specific 
receptor is shown to depend on the MESP characteristics^. 
This ability of a molecule for interaction with the 
receptor is essentially known as the ‘recognition’ process, 
in which the receptor ‘recognizes’ the characteristic 
features of the molecule in order to promote their 
interaction. MESP can therefore, be used for predicting 
structure-activity relationships when a receptor-mediated 
response is supposed to give rise to toxicological, 
mutagenic or carcinogenic effects even without a detailed 
knowledge of the receptor*. MESP provides the exact 
value for the electrostatic component of the interaction 
energy between an unperturbed charge distribution and 
a proton . Moreover, MESP gives a general picture of 
the reactwe properties of the molecule with a reasonable 
computational cost and this explains its large number of 
applications in very different fields of physics, chemistry, 
biochemistry and pharmacology*. In a recent report Zhii 
et al. have shown that radiosensitizers can be made based 
on MESP data, thereby indicating its possible applications 
in the study of molecular toxicology. Efficient radiosen- 
sitizers are characterized by a wide and deep negative 
potential in their MESP profiles, while this potential is 
narrow for compounds devoid of significant activity^ 

The MESP V{r) at a point r due to nuclear charges 
[Z^j at {^} and the electronic density p(r) of the 
molecule is given by 


V(r) = X 

A 




-J 


POT 

Ir-r'l 




( 1 ) 


The first term on the right-hand side of this equation 
represents the bare nuclear potential while the second 
one represents the electronic density function of the 
molecule. The sign of V(r) in any particular region 
depends on whether the nuclear or the electronic effects 
are dominant there. 

The topographical analysis of y(r) involves identifica¬ 
tion and location of the critical points (CPs)'® '*, the 
points at which VP(r) = 0. A CP in the MESP topo¬ 
graphy specifies a point at which the internal electric 
field (molecular electric field or all the partial derivatives 
of MESP) is exactly zero. This implies that the numerical 
value of the molecular electric field can be used for 
bearing CPs in the MESP topography. The rank of the 
CP is given by the number of nonzero eigenvalues of 
the Hessian matrix A, whose elements are given by 



A CP of rank 3 (known as a nondegenerate CP) is 
characterized by the algebraic sum of the signs of 
eigenvalues. Thus, there are four possible types of CPs; 
(3, -3), (3, -1), (3, +1) and (3, +3). The (3, -3) CP cannot 
exist in V(r) except at the nuclear locations". A (3,-1) 
or (3, - 1 - 1 ) CP would correspond to saddle points whereas 
a (3, +3) CP is due to the local minimum of V(/-) 
beyond the van der 'W^aals surface of the molecule. 

The MESP minima can give an idea of the deprotona¬ 
tion sites as well as the interaction possibilities at the 
electrophilic centres of the receptor. Since MESP reflects 
the molecular interaction energy with a test positive 
point charge, the (3, +3) CPs would correspond to their 
proton affinities‘I This would imply a threshold inter¬ 
action energy of the atoms in the molecule to extract 
a proton from the proton donor site on the receptor. 
Good correlations between proton affinity or hydrogen 
bond acceptor parameters and MESP have been estab¬ 
lished in the recent past'^ 

Chemical mutagens act by modifying the bases of 
DNA. Nitrous acid, hydroxylamine and acetaldehyde are 
all well-known mutagens"*. Nitrous acid causes 
AT GC transitions whereas hydroxylamine is a highly 
specific mutagen which reacts almost exclusively with 
cytosine to give a derivative that pairs with adenine 
rather than with guanine and so it produces a unidirec¬ 
tional transition of CG to AT'^ Acetaldehyde has also 
been reported’* to be highly toxic, comparable to nitrous 
acid and hydroxylamine. These molecules, apart from 
their toxicides, are also known to be efficient proton 
removers and deaminating agents'*. Further, these 
molecules are also interesting because there is a strong 
evidence that they can act as mutagens most likely at 
the same site'\ 
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The objective of the present study is to assess the 
importance of three-dimensional MESP topographical 
analysis of acetaldehyde (la, lb), nitrous acid (2a, 2b) 
and hydroxylamine (3a, 3b) at a higher level of theory 
in the mutagen-receptor interaction process. Although 
electron density maps of some of these moleculeshave 
been reported earlier, to our knowledge detailed 
topographical analysis at this level of theory has not 
been reported so far in the literature. 

We have used ab initio optimized geometries of three 
molecules in their different conformations^’"^^ and 
obtained the wave functions (with TZ2p, 6-3IG* and 
STO-3G basis sets) by using the INDMOL package^“ 
on a 64-node transputer-based machine called PARAM”^ 
The MESP calculations were carried out using these 
wave functions on the same computer with the help of 
a program developed by Shirsat et The computed 
electrostatic potentials are at a distance of about 3 a.u. 
surrounding the molecule, which corresponds ap¬ 
proximately to the van der Waals radius of the largest 
atom in this group of molecules (oxygen)^^. The potential 
at this surface would usually be encountered by the 
receptor during the ‘recognition’ process. The basis set 
dependence of the MESP was checked by using different 
basis sets in these calculations. The CPs were located 
using the analytical expressions for the gradient of V{r) 
given by Gadre et 

In order to have a quantitative measure of the negative 
region typical for biological recognition interaction^ we 
have calculated the volume inside a closed surface 
having an MESP energy of -15.6 kcal/mol. This is done 
by calculating MESP values on a 64-node PARAM 
machine^' inside a rectangular parallelopiped enclosing 
an isosurface of this energy and sampling the points 
through a random search (Monte Carlo method). The 
volumes thus obtained for all the molecules studied are 
indicated in Table 1. 

In Table 1, the CP characteristics of the molecules 
studied at TZ2p level are presented. The calculated 
MESP minima (most negative values) are beyond the 
van der Waals surface of the molecules. The electrostatic 
potential maps of the molecules are presented in Figure 1. 

In acetaldehyde, practically no energy difference is 
found between the MESP critical points of the eclipsed 
and the staggered conformations, which indicates that 
the MESP profile is independent of methyl rotation, 
although methyl barrier to internal rotation around the 
C=0 bond has been calculated at the 6-3IG* level to 
be 1.06 kcal/mol (ref. 17). The two negative-valued 
minima are found in the lone pair regions of oxygen 
in both the rotamers. The TZ2p MESP maps of both 
the rotamers show the presence of strong negative 
potential zones laterally around oxygen encompassing a 
broad region which might be linked to the strong 
biological activity of the molecule. The negative regions 
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Table 1. Types and locations of negative-valued MESP critical 
points (CPs) calculated at TZ2p level 


Coordinates (a.u.) MESP 
- value Volume 


Molecule* 

CP type 

X 

3^ 

z 

(kcal/mol) 

(a.u.)^ 

Acetaldehyde 







eclipsed^ 

(3, +3) 

-1.42 

-1.82 

0.0 

-52.8 



(3,+l) 

-2.43 

0.0 

0.0 

-46.5 

239.3 


(3,+3) 

-1.47 

1.77 

0.0 

-51.4 


staggered’’ 

(3,+3) 

-1.42 

-1.82 

0.0 

-53.0 



(3,+l) 

-2.43 

0.0 

0.0 

-46.8 

241.4 


(3, +3) 

-1.47 

1.77 

0.0 

-51.6 


Nitrous acid 







trans-'^ 

(3,+3) 

1.20 

4.40 

0.0 

-21.9 



(3,+l) 

2.87 

5.78 

0.0 

-11.9 



(3, +3) 

5.81 

4.63 

0.0 

-36.9 



(3,4-1) 

7.54 

2.72 

0.0 

-25.9 

156.0 


(3,+3) 

6.25 

0.47 

0.0 

-36.5 



(3,+l) 

4.82 

-1.20 

0.0 

-22.9 



(3,+3) 

3.40 

-1.92 

0.0 

-28.5 


cis-*^ 

(3,4-3) 

-0.56 

4.60 

0.0 

-18.4 



3, 4-3) 

3.04 

6.06 

0.0 

-30.2 



(3,+l) 

5.72 

4.65 

0.0 

-10.3 

34.0 


(3,+3) 

5.59 

1.96 

0.0 

-24.4 



(3,+l) 

5.56 

-0.93 

0.0 

-7.5 



(3, +3) 

3.18 

-2.06 

0.0 

-20.7 


Hydroxylamine 







cw-staggered'’ 

(3,+3) 

4.92 

2.44 

0.0 

-68.7 



(3,+l) 

4.80 

-0.18 

0.0 

-38.0 



(3,+l) 

3.32 

-1.77 

0.0 

-53.1 

278.8 


(3, +3) 

3.19 

-1.64 

-0.8 

-53.3 



(3,4-3) 

3.19 

-1.64 

0.8 

-53.3 


/ran^-staggered*^ 

(3, 4-3) 

3.03 

-1.91 

0.0 

-51.2 



(3,+3) 

1.20 

4.00 

0.0 

-63.0 

123.0 


*Nuclear coordinates (in a.u.) of some of the atoms are: 

"O (0,0,0), C (1.18,0,0), C (2.03,1.24,0), H (1.40,2.12,0). 

*’0 (0,0,0), C (1.18,0,0). C(2.03,1.25,0), H (1.82,1.85,0.87). 

"H (0,0,0), 0(0.95,0,0), N (.1.40,1.23,0), 0 (2.56,1.29,0). 

“H (0,0,0), 0(0.96,0,0), N (1.59,1.12,0), 0(0.9,2.09,0). 

(0,0,0), 0(0.95,0,0), N(1.36, 1.26,0), H (0.99,1.71,-0.84). 

‘■R (0,0,0), 0(0.95,0,0), N (1.47,1.22,0), H (2.05,1.38,0.83). 

associated with the carbonyl oxygen extend to a fairly 
large region; the minima representing the lone pairs 
have a value around -51.0 kcal/mol separated by a 
saddle corresponding to about -46.0 kcal/mol. 

In the case of trans-nitrous acid, seven distinct CPs 
with a deepest minimum of about -37.0 kcal/mol are 
observed. A large extended area of about -20.0 kcal/mol 
is observed which is most likely to be the characteristic 
feature of the ‘recognition’ interaction. For cw-nitrous 
acid, six CPs were located, with the deepest minimum 
at -30.0 kcal/mol. A broad extended area of about -8.0 
kcal/mol is observed as the saddle energy. 

Cw-staggered hydroxylamine shows three minima, two 
of which are at -68.0 and the other one is at -53.0 
kcal/mol. A saddle energy range of about -40.0 to -50.0 
kcal/mol is found to be extended over a large area on 
only one side of the molecule; In the case of 
trans-staggtrcd hydroxylamine, however, the MESP 
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minima are localized on both sides of the molecule 
one near oxygen and the other near nitrogen, with the 
potential values of -50.8 and -62.7 kcal/mol, respectively 
The saddle energy of about -40.0 kcal/mol is found to 
be well extended on both sides of this molecule. 

Calculations made at the 6-3IG* level could reproduce 
similar MESP profiles for all the molecules. For cis- 
staggered hydroxylamine, however, the two minima off 
the xy plane obtained with TZ2p basis could not be 
distinguished and they appeared to have converged into 
a single one in the plane. 

Although STO-3G calculations show qualitative 
similarity of the MESP features of the molecules, the 
locations and the potential values of the CPs differ 
significantly. In acetaldehyde, for example, the deepest 
minimum has a higher value of MESP (-34.0 kcal/mol) 
and in cw-nitrous acid, it is as low as -49.0 kcal/mol. 
Thus, the choice of STO-3G basis sets for MESP 
calculations of such molecules should perhaps be made 
with caution. 

The magnitudes of the negative-valued minima of all 
the molecules may be correlated with their proton affi¬ 
nities. This is because MESP reflects the molecular 
interaction energy with a positive point charge; therefore, 
this MESP minimum threshold would correspond to the 
proton affinity of the molecules (the amount of energy 
necessary to extract a proton from the proton donor 
site on the receptor). Such correlations have been reported 


earlier for a series of oxygen- and nitrogen-containing 
molecules 

In order to compare the biological activities, we have 
scanned volumes enclosed within the negative region 
having potentials in the neighbourhood of-15.0 kcal/mol 
for all the molecules. A value of such a magnitude has 
been reported by Murray et al? as optimum potential 
minimum to explain the toxicities of several dibenzo- 
p-dioxins. In our scan, we too observe (Table 1) a very 
large area being encompassed with this energy. It may 
thus be reasonable to infer that both the depth of the 
MESP minima and the magnitude of the ‘volumes’ 
together play a crucial role in the biological interaction 
process. From an inspection of the ‘volume enclosure’ 
of -15.6 kcal/mol, it is apparent that both the rotamers 
of acetaldehyde (eclipsed 239.8 a.u^ and staggered 241.4 
a.u) and cw-staggered hydroxylamine (278.8 a.u^) are 
more prone to biological recognition interaction than 
rranj-staggered hydroxylamine (123.0 a.u^), rranj-nitrous 
acid (156.0 a.u^) and mmitrous acid (34.0 a.u^). It may 
be summarized from the above results that cfr-staggered 
hydroxylamine would be biologically more active, fol¬ 
lowed by the two acetaldehyde rotamers. Apart from 
having high negative potential regions the molecules 
are much smaller in size, which enable them to a greater 
accessibility to the receptor site. Thus, three factors- 
(i) the magnitude of the deepest negative potential, (ii) 
a large optimum negative potential zone and (iii) a 
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smaller size (consequently, a better steric accessibility) 19. Cox, A. P. and Kuczkowski, L., /. Am. Chem. Soc., 1966, 88, 


- appear to .be crucial for the molecules to form an 
energetically favourable complex \vith the receptor which 
would interfere with the subsequent reactions taking 
place in the receptor. 

The computational results of this theoretical MESP 
analysis on the different conformers of acetaldehyde, 
nitrous acid and hydroxylamine indicate that three factors 
“(i) the magnitude of the deepest negative potential, 
(ii) a large ‘optimum’ negative potential zone and (iii) 
small size-would contribute largely towards their 
biological activity. The MESP analysis may thus be 
used as a tool to determine the degree of mutagenic 
capacity vis-a-vis deprotonating as well as deaminating 
abilities of these molecular mutagens. 

Although electrostatic potential patterns shown in this 
study can offer a Hch informative description about the 
capacity of the molecules to generate stereoelectrostatic 
forces, they fail to describe their ability to generate 
hydrophobic bonds and dispersion interactions. Therefore, 
the MESP profiles in the present investigation would 
reveal only the stereoelectronic components of inter- 
molecular recognition forces. Thus, further sophisticated 
calculations including solvent effects are required to 
prove or disprove the proposed reasons for the biological 
potency of the molecules. 
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Record of 1.66-Ga-old marine 
oxido-reducing conditions from an 
unusual Sargipali Pb-Cu deposit 
(India): A preliminary appraisal 
through petrogenesis 

Rajesh K. Vishwakarma 

Department of Geology, Banaras Hindu University, Varanasi 221 005, 
India 

In the Proterozoic marine reducing environment the 
evidence of oxidizing condition from petrogenesis of 
some unusual metamorphic rocks like calcite-brucite, 
quartz-diopside and diopside-rich skarn has not been 
reported. The results of this contribution imply that, 
despite complete alteration of their precursor sedimen¬ 
tary rock composition, there is little change in the 
original behaviour of the rare-earth elements. 
Primarily on this basis, information about the chang¬ 
ing Proterozoic oxidation state in the reducing 
seawater environment is put forth on the basis of 
Ce anomaly. The observation may be significant in 
view of the worldwide - Tarity of data concerning 
oxido-reduction characteristics of the Proterozoic 
marine realm. In addition, a new documentary 
evidence for and isotopic depletion in the 
marble developed due to metamorphism of the pure 
dolomite rock under at least 600“C at 6 kb PJ-con- 
ditions is also brought out. Until now it was generally 
believed^ that the pure carbonate rocks do not show 
a net lowering of these isotopes under metamorphic 
conditions. 

The 1.66-Ga-old stratiform Sargipali sulphide deposit" 
of the Gangpur Group, eastern India (Figure 1), is a 
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Figure 1. Geological map of the Sargipali PIhCu mine area. Inset shows the location of the study area. 


syngenetic deposit which is formed due to sedimentary 
exhalative activity in response to the slow-spreading rift 
system^. Palaeoenvironmental study indicates that the 
area represents intertidal to supratidal marine flat environ¬ 
ment . This interpretation is based on polymictic 
metaconglomerate and current bedded structures (within 
meta-arenaceous lithounit), intercalations of quartzite, 
chert and carbonate skam (within meta-argillaceous 
lithounit) and laminae of quartz-mica-chlorite within 
carbonate lithounit (Figure 2). These rocks are not 
included in the previous^ stratigraphic scheme. Another 
interesting feature of the Sargipali deposit is the unusual 
Pb-rich mineralization with Cu association, which took 
place during deposition of the predominantly shaly sedi¬ 
ments'* (now represented by quartz-mica-chlorite schist. 
Figure 2) under reducing seawater environment. Lack 
of any contemporaneous oxidized facies around the ore 
body and the host quartz-mica-chlorite rock, the presence 
of thin pyrrhotite-rich bands in the deep mine levels, 
and the presence of graphite laminae in the ore and 
the gangue (Figure 3) collectively contribute to the idea 
of a reducing seawater environment. The present con¬ 
tribution, based on the study of petrogenesis of three 
rocks like marble, quartzite and skarn (which occur in 
the field as minor and impersistent lithounit), however, 
shows an evidence of oxidized environment during the 


formation of Proterozoic roSks in the area of study. 
Further, a geochemical evidence for the reducing con¬ 
dition is also being reported. Obviously, these findings 
are novel, since such type of data concerning this 
Proterozoic period remain rare worldwide. 

The proposed programme has greatly benefited from 
the author’s earlier work^ in which a sufficient number 
of rock samples from various lithounits of the Sargipali 
area were analysed with respect to rare-earth elements 
(REEs). Out of these, three rocks, viz. marble, skam 
and quartzite (which happen to be unusual on account 
of the mineral association presented in the following 
petrographic description), display a well-defined Ce 
anomaly. Therefore, the same is being reported and 
discussed as preliminary appraisal. 

Furthermore, it may be imperative to point out that, 
although the analysed samples may not appear to be 
sufficient from statistical point of view, the REE trends 
represented by these analyses are quite logical and 
tenable in the light of the available literature. Hence, 
their utility is warranted in view of the fact* that 
sometimes, with the help of trace and rare-earth elements, 
geochemical modelling is possible even with one sample. 
With this assumption, a discussion on the above 
geochemical characteristics is made. But before this it 
is necessary to evaluate if the REE patterns of these 
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LITHOSTRATIGRAPHIC UNIT 



LITHOLOGY 


DOMINANTLY GRANITE-PEGMATITE ^ AND 
MAFIC IGNEOUS ROCK 

SILICEOUS DOLOMITE, MARBLE AND LIB1E- 
STONE WITH quartz-mica-CHLORITE 
SCHIST LAMINAE 

QUARTZ-MICA-CHLORITE SCHIST WITH 
INTERCALATIONS OF QUARTZITE(**) AND 
SILICEOUS DOLOMITE 

QUARTZ-MICA-CHLORITE SCHIST WITH ORE 
lode (■—), AND INTERCALATIONS OF 
CARBONATE StAR¥i CHERT {^), 

QUARTZITE (=) AND TOURMALINITE (-) 

BIOTITE-GARNET/TOURMALINE SCHIST. 

: PHYLLITE. 


THICK- 
NESS(m) 


MICA SCHIST. 


160-200 


QUARTZ-SERICITB, INTRAFQRMATIONAL 
METACONGLOMERATB AND QUARTZITE. 


500-700 


Generalized lithostraiigraphy of Sargipali mine area (modified after Kar Ray^). 



Figure 3. Occurrence of graphite in galena and gangue. Crossed 
polars. Specimen in oil Gn = Galena, Gr = Graphite. 

rock samples are at all representative of the original 
conditions of sedimentation, because the rocks have 
experienced multiple deformation, and also recrystalliz'a- 
tion over PT conditions of at least 600"C at 6 kb (ref. 
4). To start with (i.e. the originality of REE pattern), 
the petrographic study is taken up. The quartzite sample, 


which has been collected from ‘Mahikani’ Hill, 4.6 km 
SSW to the prospecting mine (Figure 1), contains quartz 
and diopside as the major constituents; tremolite and 
zircon are minor while epidote is in the trace amount. 
Diopside occupies the intragranular space of quartz 
(Figure 4), containing noticeable amounts of zircon 
inclusions. Most likely, diopside in this rock represents 
a metamorphic equivalent of the initial impure carbonate 
which was mixed with initial quartz grains. It may, 
therefore, define a pure quartz sandstone, since in these 
rocks impure carbonate can occur as an irregular, scat¬ 
tered mass*^. A provenance of this rock, as indicated by 
the total absence of feldspar and micas, could then lie 
chiefly with the quartzose sediment and/or the low-grade 
metamorphics of possibly quartzite. Petrographic study 
of skam rock, which occurs as a thin laminate within 
quartz-mica-chlorite schist at 180 MRL of the under¬ 
ground mine reveals a calc-silicate mineral assemblage 
defined by diopside-tremolite—hornblende—chlorite-ac- 
tinolite—calcite ± sphene. Here diopside is most abundant 
and, therefore, it can be a derivative of impure carbonate 
metamorphosed to amphibolite facies grade^. The petro¬ 
graphic study of marble (which is collected from its 
2—3 inches thick concordant band in association with 
phyllite of the meta-argillaceous lithounit of the under- 
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ground mine at 120 MRL) reveals the groundmass of 
calcite to contain sometimes a minor patch of fibrous 
brucite. As a rule, this points to an original pure dolomite 
that upon metamorphism got decomposed and recrys¬ 
tallized to calcite and periclase with escape of CO^ (ref. 
9). In the presence of H 2 O, however, periclase is trans- 
formed to brucite (MgO- H, O). This assessment, there¬ 
fore, clearly agrees with the high MgO content of the 
analysed sample (Table 1). If it is so then the observed 
role of metamorphic decarbonation reaction is likely to 
disturb the reliability of the more sophisticated analytical 
data like 8’*0 and 5‘^C isotopes and REEs. Particularly 
the isotopes of both 6**0 and 6**C show a low value 
of -18.8 and -11.01%o, respectively (mean of three 
samples with respect to PDB), because CO^ liberated 
could have been enriched in 6'*0 as well as 6'*C relative 



to the carbonate*". On the other hand, compatibility of 
the REE data, particularly in relation to the precursor 
rock, is also a subject of examination, as follows in 
the ensuing discussion. 

REE concentrations in the above rocks, obtained by 
inductively coupled plasma mass spectrometry with a 
precision of better than 7% relative standard deviation, 
are plotted as a REE pattern (Figure 5). Quartzite in 
this figure is srich in REE. This behaviour when con¬ 
sidered in conjunction with the steep fractionated REE 
pattern may well represent a detrital origin of the rock 
If this is true then, on the basis of the predominance 
of quartz, the rock can be conveniently assigned to 
sandy precursor, it is plausibly sandstone, because these 
are enriched in all REEs relative to chondrites*'-*^. Other 
samples, viz. marble and skarn, however, display depleted 
total REE with enriched heavy REE pattern (Figure 5). 
This behaviour not only corresponds to that of sediment 
but also suggests** that the rock is formed by the 
chemical precipitation process in marine environment. 
The reason behind the idea of marine hydrogenous origin 
lies in the fact that the above behaviour of REE is 
reminiscence of a low total concentration of REE with 
slight enrichment of heavy REE in seawater. In addition 
to this, it also appears that, although the rocks have 
evolved due to contact metamorphism, the magmatic 
water from the granitic stock did not introduce any 
large^amount of REEs into the original rock composi¬ 
tions . So, all these assessments may invariably support 
a general notion: the behaviour of REE during diagenesis 
and^r metamorphism indicate that there is little change 
in either the absolute abundances or the relative patterns. 
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Nevertheless, in fulfilment of the reliability of the data, 
it is needed to bring out the factor governing minor 
Eu depletion in the studied samples (Figure 5). Critical 
to this, an effective way for removing Eu could have 
been the precipitation of Eu^'^SO^. Such a mechanism 
is capable of removing most of the Eu while leaving 
most of the other REE^"^. If it is so, then at least most 
of the other samples formed in reducing conditions (e.g. 
quartz-mica-chlorite schist shown in figure 13 of Vish- 
wakarma"^) would have also yielded Eu depletion by 
this method. On the contrary, all these samples show 
positive Eu anomaly along with the steep fractionated 
REE pattern, and the features are actually, ‘supple¬ 
mentary’ evidence to charnockite provenance"^. Here it 
may be annotated that by virtue of an evidence of the 
least Eu enrichment in the phyllite sample (Figure 5), 
which contains disseminated graphite, it cannot be 
invoked straightaway that the reducing conditions are 
prone to the formation of detectable Eu anomaly. Over 
and above, it is also not possible to propose removal 
of Eu anomaly due to remelting*^ or due to the influence 
of metamorphic fluid-rock interaction^^. Likewise, the 
introduction of an oxidizing environment too has not a 
discernible effect on the behaviour of Eu^^. Therefore, 
it seems that Eu anomalies in the samples of this study 
actually reflect an inherent property of their precursor. 
With this there remains no doubt that the REE patterns 
of the rocks are fairly representative of original sedimen¬ 
tation, and hence the observed feature of negative Ce- 
anomalies may be useful in providing an insight into 
the marine water condition during the formation of the 
rock^-’ 17-20 jg oxidizing condition, a 

smaller fraction of Ce will be trivalent, therefore resulting 
in Ce-depleted water condition and in turn Ce-depleted 
REE pattern in the marine sediments*^. This scenario 
could have set in by the oxidation of Ce^'*’ under 
conditions of strong chemical complexation. Particularly, 
carbonate complexes of are the ones that control 
Ce in marine water (Moller, 1992, personal communica¬ 
tion). Alternatively, according to experimental studies^*’ 
it is the oxidation of Ce^"", into Ce02 that causes Ce 
deficiency. This, therefore, corroborates the original idea 
of Goldberg’^ The present study also reckons this obser¬ 
vation in the light of the following. Phyllite (Figure 5) 
and quartz-mica-chlorite schist samples (Figure 13 of 
the earlier study"^) both indicate a reducing environment 
of formation. So, for the obvious lack of oxygen, Ce 
removal by formation of Ce 02 could not take place, 
and as a result there remains normal La/Ce ratio, that 


is to say, normal REE pattern (Figure 5). Furthermore, 
the intensity of Ce anomaly observed in the present 
study is variable. Most likely, it is attributable to the 
quantum of the small fraction of Ce^"** which is left in 
an overall oxidizing marine condition. 
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Characterization of humic acids 
isolated from soils under mulberry 
vegetation 

R. Kar, R. N. Dutta and S. K. Majumder 

Section of Soil Science and Chemistry, Central Sericultural Research 
and Training Institute, Berhampore 742 101, India 

Two different samples of humic acids were isolated 
from soils under mulberry vegetation. The isolated 
acids have been characterized by electrometric (poten- 
tiometry) titrations and visible spectroscopy with a 
view to probing their physicochemical properties. 
Attempts have also been made to correlate the results 
obtained from these experiments with coiling-decoiling 
behaviour as well as aliphatic-aromatic balance of 
the acids. 

Humic acids are nothing but the natural polymeric acids 
having complex molecular nature'. Characterization of 
the same is necessary, not only for having some infor¬ 
mation about their structural arrangements, but also for 
the effective use of these substances in mulberry cul- 
tivationl The principal features of humic acids-the 
polyelectrolytic behaviour and coiling-decoiling 
phenomenon - are probed in detail in the present paper 
by looking at different properties of two humic acid 
samples isolated from soils under mulberry vegetation 
located at two different agroclimatic conditions. 

For isolation of humic acids, soil samples were treated 
with sodium carbonate, followed by acidification of the 
alkali-extracted material with dilute HCl to pH 2 (ref. 3). 
The purified humic acids were denoted as HA|j (humic 
acid sample isolated from the soil under mulberry vegeta¬ 
tion of Central Sericultural Research and Training In¬ 
stitute, Berhampore, Gangetic alluvium of West Bengal, 
24 4'N-88°9'E) and HA,^ (humic acid sample isolated 
from the soil under mulberry vegetation of hill nursery, 
Kalimpong, West Bengal, 27°2'N-88°17'E). 
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Potentiometric titrations were carried out by using 
standard NaOH solution. Carboxylic and phenolic —OH 
group contents were reckoned from the acidity 
equivalents of the initial and final inflexion points of 
the titration curves'*. The amount of fresh alkali required 
to attain a stable higher pH, following, a fall in the 
final pH (on standing after initial titration), as well as 
the time elapsed for the same were also recorded for 
each sample. 

The optical densities at 465 nm and 665 nm (ref. 1) 
for the humic acid solution (Na form) were noted with 
the help of a systronics spectrophotometer at two different 
pH values 7.0 and 9.0. 

Table 1 records the carboxylic and phenolic -OH 
group contents and a pH difference namely, ApH = 
where pH,^^ and pH^^^ refer to the values 
corresponding to one-fourth and three-fourths of the 
final inflexion points. The ApH values of the humic 
acid samples are greater than 0.954, which signifies the 
polyprotic nature of both the acid samples^ Again, the 
approximate charge density (number of charges per unit 
mass) of humic acid molecule is computed from the 
cumulative contribution of carboxylic and phenolic -OH 
contents. This, in turn, governs the ‘adsorptive capacity’ 
of humic acid molecules, which enables them to combine 
with metal ions, clays, pesticides, fertilizers and different 
organic compounds '^. HAi^ is found to be superior to 
HA^ in this aspect. 

The amount of fresh alkali needed to attain a stable 
higher pH as well as the time required for the same 
have been reported to be correlated with the coiled 
nature of humic acid molecule®-'". Addition of fresh 
alkali for stabilizing the higher pH (when HA molecules 
were completely unfolded) indicates an amount of 
remainder hydrogen ions which are not accessible to 
alkali initially. This, in turn, is governed by the steric 
hindrance associated with a particular conformation of 
the molecules due to their coiled shape. Thus, for higher 
degree of coiling, greater amount of fresh alkali is 


Table 1. Potentiometric information about HA samples 


Amount of 
COOH 
(meq • g-*) 


Amount of Approximate charge density 
phenolic -OH (Number of 

(meq • g"*) charges g~*) x 10"^^ 


pH at first pH at final 
inflexion point inflexion point 


Conclusion 

Polyprotic 

Polyprotic 


Table 2. Potentiometnc stability and spectrophotometric analysis of HA samples 


Amount of fresh alkali Time required to 
required to attain stable pH attain stable pH 
(meq • g-*) (ji) 


EJE^ at pH 
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required. Again, the time required to attain a stable 
higher pH depends on the ease of decoiling, which is 
inversely related to the intramolecular hydrogen bonding. 
Formation of such bonds is often interrupted by the 
alkyl groups available in the humic acid molecule; this, 
in turn, governs the ‘flexibility’ of the molecule. Thus, 
poorer flexibility exhibits longer time requirement. From 
Table 2 it may be concluded that HA^ is more coiled 
but less flexible than HAj,. 

The spectrophotometric analysis data have been 
recorded in Table 2. The EJE^ values, being greater 
than unity at both pH values, establish that the absorbance 
by the aliphatic part (i.e. absorbance at 465 nm) is 
greater than that by the aromatic part (i.e. absorbance 
at 665 nm) due to a particular conformational arrange¬ 
ment of the aliphatic and the aromatic moiety'’’. 

Table 2 also shows the data on A{EJE^) ratio, namely, 
A{EJE^) = The latter may be 

taken as an ‘index of coiling’ of the humic acid molecules 
owing to the fact that addition of alkali (NaOH) rendered 
the acid molecules ‘unfolded under thermodynamic 
compulsion’". This leads to the destruction of the tertiary 
structures (i.e. three-dimensional configuration) of the 
molecules following the release of the hidden aromatic 


parts, which thereby leads to a lowering of EJE^ value, 
giving a positive value of A(£/£g).The higher k^EJE^) 
value of HA,^ signifies that the latter is more coiled 
than HA;,. This has got close resemblance with poten- 
tiometric study discussed earlier. It may further be 
concluded that HA^^ is more aromatized than HA . 
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Research Accounts 

Current Science intends to start a new feature entitled ‘Research Accounts’. Articles 
in this category are intended to be personalised reviews of research from the authors 
own laboratory, based on a body of published work. The articles must provide 
appropriate background to the area in a concise introduction, which should also serve 
to place the author’s work in proper perspective. A concluding section may address 
future trends and directions in the area. Unpublished results may be included only 
when absolutely essential and should be kept to a bare minimum. Articles in this 
category may be about 20 double spaced typed pages; A4 size (8-10 printed pages) 
and should include appropriate illustrations. References to the literature should not 
number more than about 60. Articles should address a broad readership. While most 
articles in this category will be solicited by the editors, unsolicited contributions will 
also be considered. All articles will be reviewed by two independent referees. Authors 
are encouraged to suggest appropriate reviewers. 

— Editors 
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Contributions to Operator Theory and 
its Applications. T. Fumta, I. Gohberg 
and T. Nakazi (eds). Volume 62 in the 
series Operator Theory; Advances and 
Applications, Birkhauser, P.O. Box 133 
elt 4010. Basel. 1993. 

The name Tsuyoshi Ando is well known 
to research workers in functional analysis, 
operator theory, linear algebra and the 
mathematical theory of networks and sys¬ 
tems. This volume consists of thirteen 
papers in these areas dedicated to Ando 
on his sixtieth birthday. A brief bio¬ 
graphy of Ando and his list of publi- 
cations is also provided. 

Since the papers in this book are on 
diverse problems, the best way to review 
it might be to give the reader a general 
idea of some of the topics covered, with 
particular reference to the work of Ando. 

Let be a Hilbert space contained in 
a larger Hilbert space % An operator 
T on is called a dilution of an operator 
A on if r can be written as 


T = 


A B 
C D 


when OC is decomposed as a direct sum 
of !}{and its orthogonal complement. The 
operator A is then called a compression 
of T. A dilation theorem is a statement 
that certain operators can be dilated to 
nicer operators on a bigger Hilbert space. 
For example, if A is a contraction 
(lA I < 1) on then 


U = 


A 

(1 - A * A)^'^2 


{\-AAy^^ 

~A* 


is a unitary operator. This is a generaliza¬ 
tion of the elementary fact that if a is 
a real number and \a\ < 1 then 


a 




is a rotation matrix. Thus, every contrac¬ 
tion has a unitary dilation. 

If A is a contraction then so are its 
powers A”, n = 1,2,..., Each of them 
will have a unitary dilation. It is somewhat 
surprising that there exists a single unitary 
operator U such that W is a dilation of 
A^ for all n. This is a famous theorem 
proved by, Sz.-Nagy in 1953. (The dis¬ 


crete variable n here can be replaced by 
a continuous variable t\ every contraction 
semigroup can be dilated to a unitary 
.semigroup). 

Results such as this are typical in dila¬ 
tion theory, now a major subject. One 
of the famous results of Ando, proved 
in 1963, says that a commuting pair of 
contractions can be dilated to a commut¬ 
ing pair of unitaries, i. e., if Aj, A^ are 
commuting contractions, then there exists 
commuting unitaries f/, such that for 
all positive integers n, w, is a 

dilation of A^A^. In 1970 it was proved 
by Parrott that an analogue of this for 
three or more commuting contractions is 
false. The commutant lifting theorem to 
which this line of work ultimately led 
has been found to be very useful in the 
theoiy of linear systems. 

Let Pj, ^2 be two projection operators 
in a Hilbert space. Long ago, von 
Neumann observed that the infinite 
product (Pj Pff converges to the projec¬ 
tion operator whose range is the inter¬ 
section of the range of Pj and In 
1961, Burkholder and Chow proved that 
the same is true for any finite number 
of projections P,, P 2 ,..., P^, and when 
the Hilbert space is and the projections 
are conditional expectations then the con¬ 
vergence takes place not only in the 
strong (L^) topology but also pointwise, 
almost everywhere. In a different direc¬ 
tion, Amemiya and Ando proved in 1965 
that if r,,..., are contractions then 
any random product T. T. T. - • of ele¬ 
ments chosen from {Pj,V^} conver¬ 
ges weakly. Such results are closely 
related to problems in ergodic theory, 
dynamical systems and computer tomo¬ 
graphy. 

The arithmetic, geometric and harmonic 
means of positive numbers are familiar 
objects. Lots of interesting difficulties 
arise in defining similar means for positive 
Hilbert space operators, because of the 
noncommuting nature of the variables. 
Such means are of interest in quantum 
theory and also in the theory of electrical 
networks. For example, the parallel sum 
is just one half of the harmonic mean. 
Ando has studied such objects in great 
detail. In a paper with Kubo in 1980, he 
gave an axiomatic characterization of such 
means. In a very interesting paper (which 
drew this reviewer to his work) Ando 
used these ideas to give a simple proof 
of a theorem of Lieb that established the 
Wigner-Yanase-Dyson conjecture about 


the concavity of entropy in quantum 
mechanics. 

From the late seventies, much of 
Ando’s work has been on matrices, spe¬ 
cially on matrix inequalities. He has 
mastered the techniques of majorization 
and the theory of operator monotone func¬ 
tions, and used both of them in spectacular 
ways to prove delicate and elegant inequa¬ 
lities for operators and matrices. 

The book under review has papers on 
many of the problems to which the work 
mentioned above leads. It would be of 
interest to anyone working in these areas. 

Rajendra Bhatia 

Indian Statistical Institute 
New Delhi 110 016, India 


Science in Society: Some Perspectives. 
Yash Pal, Ashok Jain and Subodh Mohanti 
eds. NISTADS, Dr K. S. Krishnan Road, 
New Delhi 110 012. 405 pp. Rs. 400. 

This handy anthology starts with a magni¬ 
ficent introduction from Prof. Yash Pal; 
he leads off the discussion with a chara¬ 
cteristically brilliant and thought-provok¬ 
ing statement, as arresting as it is pithy. 
The lead sentence ‘the difference between 
science and society and science in society 
is very important for me’ sets the mood 
and the direction for all the essays in 
the book although not all of them reach 
the standard of clarity of thinking or of 
focused purpose that illuminate Yash Pal’s 
lead. The book demonstrates congruence 
of views and should provide the basis 
for concerted action, review and mid¬ 
course corrections in policy. 

One difficulty that an average reader 
will find is that the book bears no explicit 
reference to the year in which these essays 
have been prepared and no indication if 
some of the initiatives mentioned are under 
implementation or if they are mere expres¬ 
sions of hope (the case of INFLIBNET is 
a clear case in point). Some of the articles 
would have been more convincing if they 
had included some idea of costs to the 
user. An epilogue to show how far the 
movement initiated by Yash Pal in the 
77th Indian Science Congress has 
developed momentum would have been 
useful. 
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Science in society 

Yash Pal leads the way with a complete 
statement of the case for ‘science in 
society’. Three quotes would give the 
reader an insight into what to expect: 
‘science should not be treated as an addi¬ 
tional activity or a tool... instead it 
should be treated as part of the culture 
of society, integral to our thinking... 
connected with our dreams, connected 
with concepts of ethics, beauty and 
spirituality’, ‘if we make science as a 
part of our culture they (benefits) would 
all come, much more naturally, more 
creatively and more in tune with our 
living, not as an assault from outside', 
‘in science and technology you cannot 
imbibe the true spirit of the craft unless 
you do some things on your own, do 
your own inventing’. Yash Pal covers a 
wide territory: the value'^^f innovations 
to true development, the imperative need 
to invest in education if Sc&T (science 
and technology) R & D is to be supported, 
an equal emphasis on investments in S 
&T and in science education. There is 
a touch of humour in his development 
of the relationship of ethics and law in 
an age of ‘technological exuberance’: he 
says that ‘it was not unethical 500 or 
1000 years ago to throw your muck into 
the Ganges... because Ganga had suffi¬ 
cient powers to purify it’. 

Many of the contributors clearly link 
their contributions to ‘science in society’, 
the absorption of science as an integral 
part of our culture. The contributions can 
be divided into three categories: those 
with a philosophical flavour representing 
cultural absorption, those with plans and 
ideas to involve the population in develop¬ 
mental activities as a practical illustration 
of how ‘science in society’ could operate, 
and those which demonstrate vigour in 
scientific thought and practice and induce 
in the reader a sense of optimism that 
Yash Pal’s vision can indeed become a 
reality. 

Cultural absorption 

Pushpa Bhargava and Chandana Chakra- 
barti see a commonality in the origins 
of the creative urge in scientific and 
artistic works, describe practitioners of 
art and science as seekers of beauty and 
assert that both (art and science) ‘are 
becoming increasingly interdependent in 
terms of materials, ideas and ideals’. In 


a fine essay ‘The symphony of 
symmetries’, Babu Joseph points to 
developments in the study of open systems 
which ‘include the whole living world as 
well as most nonliving things’. His 
development of ideas on ‘spontaneous 
symmetry breaking’ as the mechanism of 
growth and decay should be fed into the 
curriculum for science at several levels 
with increasing depth of presentation. 
Ashok Parthasarathi’s coupling of non- 
alignment, self-reliance and innovation 
gives practical shape to ‘science in 
society’ (particularly Yash Pal’s call for 
‘doing something on your own’) and 
brings policy-making into focus. In par¬ 
ticular, his declaration that ‘while it is 
true that S & T intersect at many points, 
the intersections are less and less matters 
of accident and more and more matters 
of design in terms of policies and 
programmes’ deserves the basis for non¬ 
partisan policy-making. Another very in¬ 
teresting articulation of the concept of 
‘science in society’ is the use of energy 
as a measure of programme content (C. V. 
Seshadri), which leads to sustainable 
development through the blended use of 
resources combining development with 
avoidance of environmental degradation. 
D. P. Chattopadhyaya’s article draws 
attention to the two faces of technology: 
estrangement and enlargement, and 
emphasizes the need for an awareness of 
the consequences of the use of technology. 
His is a timely call for ‘workers and 
thinkers to control technology and institu¬ 
tions more effectively than they can con¬ 
trol us’. A similar warning on the impact 
of technology on society comes from 
V. Sudarsen, who calls for alternative 
paradigms of development citing the irony 
of continuity in the pursuit of an imperial 
forest policy even after independence. He 
warns against the disregard for social 
consequences and asserts that ‘technologi¬ 
cal progress is not necessarily axiomatic 
for development processes’. Ashok Jain 
echoes this thought with ‘environmental 
crisis is a sign of saturation of the con¬ 
ventional paradigm’. 

Precept and practice 

Jayant Narlikar’s fine essay ‘Education 
through astronomy’ will find an echo in 
many whose introduction to astronomy 
was wholly through gymnastics in integral 
or differential calculus. Equally well- 
correlated to the theme of the book is 


V. G. Bhide’s note on interuniversity 
centres;, he is the lone author tracing lack 
of a clear career path (salaries included) 
as one major cause of student apathy. 
He also relates the government-inspired 
and organized techniques to the dual 
demands of the ‘product of science’ and 
the ‘process of science’. His essay is the 
kind of core strategy that matches the 
vision of ‘science in society’, catching 
them young as it were. Vinod Raina’s 
article describing a programme of the 
‘People’s science movement’ is an excel¬ 
lent example of how a concept can be 
translated into practice and harmonized 
with the circumstances in a given location. 
This article should give a fillip to the 
emergence of more initiatives of the kind. 
M. S. Swaminathan’s contribution ‘Bio¬ 
technology and ecological security’ is 
scholarly and practical, introducing us to 
the concept of ‘ecological security’. His 
article is an outstLading example of how 
a versatile mind can be ahead of forma¬ 
lized thought. His suggestions and ideas 
on directions of development give prac¬ 
tical content to the concept of ‘science 
in society’ through the fusion of physical 
and social sciences to produce worthwhile 
and commercially viable goals. 

Excitement of science 

The articles on scientific projects 
(earthquakes, monoclonal antibodies) 
reveal the capabilities of vigorous research 
in India but the authors would have expan¬ 
ded their audience reach if they had 
explained the techniques and results in 
layman terms. The sense of excitement 
in science needs to reach young minds 
in as many directions as possible. For 
example, apart from publications intended 
for professional journals exclusively dedi¬ 
cated to research material, can we not 
think of articles on S & T that describe 
briefly, or at least enumerate, the different 
technologies on which the conduct of an 
item of research or production of specified 
goods and services depend? Such articles 
would show young enquiring minds what 
career path options in S & T may be 
available for them to choose from, and 
also infuse in them a sense of team-orien¬ 
tation in S & T work. 

A strong public opinion is the proper 
basis for the percolation of the ‘science 
in society’ concept and its acceptance. 
The editors of the book have rendered a 
great service by bringing out this volume 
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in order to catalyse this process. Broad- 
based initiatives which bring the concept 
into practice using local resources would 
be necessary. This also suggests that re¬ 
search effort is needed for the evolution 
and adoption of organizational structures 
suitable for the task on hand in the region 
where the initiative takes shape. The appa¬ 
rent apathy in ‘science in education’ can 
be overcome only through multiple tech¬ 
niques and structures. Perhaps the dis¬ 
avowal of the editors about the book not 
being a ‘cogent articulation of various 
tenets’ clearly recognizes the need for 
further effort. The mention of a ‘think 
tank’ might draw cynical expressions of 
elitism but the time is opportune for one 
or more ‘think tanks’ to address these 
issues and develop a menu of options to 
carry Yash Pal’s lead concepts onward; 
local groups could choose their strategy 
from this menu for use as suits cir¬ 
cumstances in their area. The ideas sprout¬ 
ing from the studies will motivate 
policy-making at governmental and other 
levels. This should lead to the gradual 
infusion of science in national culture. 
Thoughtful leaders of public opinion (of 
the kind who have contributed to this 
book) should also find out how the stated 
objective could be reached in an environ¬ 
ment of limits to the efficacy of 
governmental patronage. 

R. Parthasarathy 

S-23 Golden Enclave 
Airport Road 
Bangalore 560 017, India 


Annual Review of Cell Biology 1994. 

J. A. Spudich, S. L. McKnight, R. Schek- 
man, eds. Annual Reviews Inc., Palo 
Alto, California, USA. vol. 10. 478 pp. 
Price: USA $ 49; elsewhere $ 54. 


Cellular biology continues to grow and 
diversify, encompassing the broad areas 
of biochemistry, genetics and molecular 
biology, in order to obtain an under¬ 
standing of the inner working of the cell 
in molecular terms. These endeavours 
have now been extended to the study of 
whole life forms, as topics in develop¬ 
mental biology find a larger representation 
in this volume of Annual Review of Cell 


Biology, paving the way for a formal 
merger of these two disciplines from 1995 
onwards, when the name of the series 
will change to Annual Review of Cell 
and Developmental Biology. 

The pathways that control cell growth 
and differentiation, in mammals in par¬ 
ticular, are undoubtedly complex. Recent 
progress in this field has been remarkable 
and five reviews are devoted to advances 
in the broad area of cell regulation. In 
a lucid article by D. J. Riley and 
coworkers on the retinoblastoma protein, 
the properties of this key regulator of 
cell division have been discussed. In the 
normal cell cycle, activated retinoblastoma 
protein restricts further cell proliferation. 
However, binding of oncogene products 
to this protein can block its activity and 
lead to unscheduled cell division, resulting 
in malignancy. U. Siebenlist and co¬ 
workers have reviewed the structure 
and functions of the transcription factor 
NFkB family of proteins, which serve to 
coordinate the rapid induction of a range 
of defence genes in the immune system. 
A unique feature of NFkB is its rapid 
translocation from the cytoplasm to the 
nucleus in response to extracellular sig¬ 
nals, and the complexities of this process 
have been analysed in depth. 

Signal transduction pathways in the cell 
basically depend on the fine tuning of 
phosphorylation of specific proteins by 
kinases and phosphatases. P. van der Geer 
and others have given a detailed account 
of a major class of transmembrane recep¬ 
tors called the receptor protein-tyrosine 
kinases. Studies on these kinases have 
contributed significantly to an under¬ 
standing of how cells are regulated by 
extracellular signals. S. Shenolikar has 
written a comprehensive review on the 
protein serine/threonine phosphatases, 
highlighting their physiological functions 
and cellular regulation. A group of 
proteins that play a crucial role in signal 
transduction pathways are the GTPases. 

T. A. Glomset and C. C. Farnsworth 
have documented the different posttransla- 
tional modifications found in these 
GTPases (such as farnesylation of the 
carboxy terminus and acylation of the 
amino terminus) and presented evidence 
for their role in determining the interac¬ 
tions between the GTPases and the cell 
membranes. Additional studies are re¬ 
quired before the ftmctions of these 
modifications are firmly established. 

In the area of intracellular sorting of 


proteins, which found exhaustive coverage 
in last year’s volume, there is a single 
review on protein targeting to the endo¬ 
plasmic reticulum by P. Walter and A. E. 
Johnson, which emphasizes the common 
steps in targeting in eukaryotes and 
prokaryotes. However, the mechanism of 
translocation of the nascent protein across 
the endoplasmic reticulum remains less 
well-defined. 

The cytoskeletal framework of the cell, 
for long a favoured topic for cell mor¬ 
phologists, is emerging as a dynamic and 
complex structure, subject to a variety of 
regulatory phenomena. Five reviews are 
devoted to recent developments on the 
structure and function of cytoskeletal and 
associated proteins. A. Hall has con¬ 
tributed a highly topical review on the 
regulation of the actin cytoskeleton in 
response to extracellular signals through 
the ras family of small GTP-binding 
proteins. A comprehensive review on the 
three-dimensional structures of 12 actin- 
binding proteins has been provided by 
T. D. Pollard and others. E. L. F. Holzbaur 
and R. B. Vallee have discussed the 
recent findings on the structure and func¬ 
tions of dyneins, one of the largest and 
most complex motor proteins. A major 
class of cytoskeletal proteins, the 
microtubules, are involved in cellular 
elongation and cytokinesis. Their role in 
cellular patterning in the growing plant 
has been elegantly discussed by R. J. 
Cyr, who has also presented a hypothesis 
for the mechanism by which microtubules 
bring about cellular elongation. 

Vertebrate limb development has been 
one of the best-studied systems for un¬ 
derstanding cell and tissue patterning, 
mechanisms of innervation, cell differen¬ 
tiation, angiogenesis and programmed cell 
death. C. Tickle and G. Eichele have 
reviewed the embryological data on limb 
patterning, and presented recent work that 
has begun to unravel the molecular 
responses t-o signalling molecules involved 
in the process. 

Intensive research on the mechanism 
of Alzheimer’s disease has led to the 
identification of cerebral deposits of the 
amyloid [3 protein as the causative agent 
of the disease. D. J. Selkoe has reviewed 
the cell biology, in particular the intra¬ 
cellular processing, of the amyloid P 
protein precursor. Several mechanisms 
have been proposed for the eventual im¬ 
balance between amyloid p protein forma¬ 
tion and clearance which results in 
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amyloid deposits. Pharmacological inter¬ 
vention in the disease process is being 
attempted at various points along the 
amyloidogenic pathway, and may have 
the potential of being used to slow down 
the gradual accumulation of amyloid 
deposits that accompanies normal aging 
of the human brain. 

This volume of the Annual Review of 
Cell Biology truly ‘unifies a diverse and 
rapidly expanding field’. The reviews are 
selective and critical in format rather than 
exhaustive. An essential book for all re¬ 
searchers in cell biology. 

Veena K. Parnaik 

Centre for Cellular & Molecular Biology 
Hyderabad 500 007, India 


Environment and Adaptive Biology of 
Plants. Professor David N. Sen Com¬ 
memoration Volume. D. D. Chawan, ed. 
Scientific Publishers, 5A, New Pali Road, 
Jodhpur 342 001, India. 1995. Price: Not 
known. 322 pp. 


Environment and adaptive biology of 
plants is one of the topics of past, present 
and future scientific interest. Much of the 
progress we have made , in crop selection 
and breeding have stemmed from basic 
understanding of plant adaptation to 
environmental conditions. The success of 
introduced agricultural, horticultural and 
timber plants all over the world, ever 
since humans began transporting them, 
has also been a result of our knowledge 
of plant adaptability to different environ¬ 
ment. 

Current interests in plant adaptive biol¬ 
ogy worldwide are in the areas of (1) in 
situ protection and management of en¬ 


dangered plants, (2) sustaining produc¬ 
tivity in crop plants, (3) identifying locally 
evolved resistance to pests, diseases and 
other environmental stresses, (4) reclama¬ 
tion and revegetation of degraded 
landscapes and (5) management of 
increasing salt and water stresses in coas¬ 
tal and semi-aiid zones. 

Considerable progress has been made 
in the above fields of environmental 
science both in India and abroad. Our 
knowledge of dioecious plants (especially 
in the genus Garcinia) being capable of 
reproducing apomictically on isolation is 
helpful in the management of threatened 
species. Case studies of such plants shed 
light on survival strategies that isolated 
plants adopt at the expense of genetic 
variability. Land races that are locally 
adapted are in much demand today for 
crop improvement and sustainable agricul¬ 
ture. Most recent interest has been in 
understanding the mechanisms plants have 
adopted in dealing with salt stress. Of 
special importance in this regard are the 
estuarine plants, commonly referred to as 
mangroves. Mangrove plants in the genus 
Rhizophora are known to localize the salt 
in the root zone itself. These plants, 
which are also capable of withstanding 
flooded conditions, can be the answer to 
ecological problems that might arise in 
the event of the anticipated sea level rise. 
Research on the physiology and genetics 
of mangrove plants is under way, espe¬ 
cially in an effort to identify ‘plus’ trees 
(supertrees which can withstand consid¬ 
erable amounts of environmental stress). 
A major programme in this field of 
interest has been on at the M. S. 
Swaminathan Research Foundation, spon¬ 
sored by the Department of Biotechnol¬ 
ogy, Government of India. 

The book under review is the most 
unusual blend of biography, science, 
documentation and advertisement. The 
book is divided into six parts, viz., (1) 


Ecology and environment management, 
(2) Adaptive biology, (3) Biology of 
saline plants, (4) Weed biology, weed 
management and allelopathy, (5) Deserti¬ 
fication and agroforestry and (6) Environ¬ 
mental pollution. Two to five papers have 
been included under each of these major 
parts. These papers vary in style from 
being introductory to highly structured 
experiments and results, making reading 
rather uncomfortable. Papers have not 
been appropriately grouped. For instance. 
Part 1 includes an ethnobotanical docu¬ 
ment which merely lists plants used by 
natives in the Narmada valley. Similarly, 
in Part 4, one paper provides a detailed 
list of weeds associated with crop fields 
of Madhya Pradesh without any reference 
to management. 

The strength of this book, however, 
rests in Part 3, which discusses a topic 
of current scientific interest. It appro¬ 
priately includes papers on mangrove 
plants and those in salt-prone deserts of 
India. Although the discussions fall short 
of being comprehensive, the papers are 
more in tune with the broad title of the 
book than the rest. 

The book, in general, fails to address 
current issues relating to the environment 
and adaptive biology of plants. All 
detailed discussions included have 
emerged from laboratory studies paying 
little attention to field conditions. Most 
papers are not even state-of-the-art 
treatises of the concerned science, not 
even of that in India. To a serious student 
of plant adaptive biology, the book can 
well prove disappointing. 

R. J. Ranjit Daniels 

M. S. Swaminathan Research Foundation 
3rd Cross Street 
Taramani Institutional Area 
Madras 600 113, India 
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A pioneer in modern plasma physics 

An obituary of Hannes Alfven 


Professor Hannes Olof Gosta Alfven. a 
renowned space physicist and a prime 
contributor to the field of magneto¬ 
hydrodynamics, died on 2 April 1995 at 
his home in Djursholm, Sweden, at the 
age of 86. With his passing away, the 
world of physics has lost a highly creative 
and original physicist. He can justifiably 
be called one of the pioneers of modem 
plasma physics-a field of study that 
finds applications in a wide range of 
areas such as cosmology, astrophysics, 
controlled thermonuclear fusion, radio 
communication, etc. Alfven’s contribu¬ 
tions and insights into the field, especially 
during its infancy, are many and bear 
the stamp of his remarkable physical 
intuition. He developed very powerful 
tools which greatly aided the analysis of 
complex physical phenomena and advan¬ 
ced the field in giant steps. 

An early example of such a powerful 
idea is that of the concept of frozen-in 
flux, where the plasma is considered to 
be tied on to the magnetic lines of field 
that pass through it. Alfven discovered 
this theorem in the early 1930s and used 
this simplifying tool to great advantage 
in solving many space physics problems. 
In fact, so successful was this paradigm 
that it began to be used indiscriminately 
by many later workers in the field, who 
applied it to situations where its validity 
conditions were often violated. Alfven 
expended considerable effort in educating 
the scientific community about the proper 
validity conditions of this theorem. 
Another simplifying notion that Alfven 
invented was the guiding centre approxi¬ 
mation, by which the complex orbit of 
a charged particle in a magnetic field 
could be calculated in a very simple 
manner in terms of the motion of the 
centre of the Larmor motion and its drifts. 
The physical notion underlying this idea 
is that of the equivalent magnetic moment 
associated with the spiral motion of the 
charged particle. This concept helped him 
understand many complex phenomena 
associated with auroras, magnetic storms, 
cosmic ray generation in the solar system 
and in the interstellar space. In the 
laboratory, this concept helped in the 
development of some early practical 
devices like the trochotron, a high vacuum 


switching tube, and in later years the 
idea of the invariance of the magnetic 
moment was at the heart of the plasma 
confinement in mirror machines. Today 
some of these tools invented by Alfv6n 
have become such standard repertoire of 
plasma physicists that we hardly pause 
to contemplate their power and simplicity 
or to imagine the difficulties of working 
without their aid. 

His most well-known discovery — that 
of hydromagnetic waves, which are com¬ 
monly called Alfven waves — is another 
prime illustration of the power of his 
physical intuition. In thinking about the 
problem of sunspots, he reasoned that 
they consisted of magnetic fields embed¬ 
ded in the highly conducting solar plasma. 
These magnetic fields must arise from 
currents flowing in the plasma and the 
mutual interaction between them must 
make both the currents and the fields to 
move. Thus on purely physical grounds 
he worked out the theory of this move¬ 
ment ~ that of an electromagnetic 
wave ~ propagating through a highly con¬ 
ducting medium. At the time when he 
published his theory in Nature in 1942, 
nobody believed it. It took many years 
for scientists to accept this idea. The 
common notion at the time, from the 
well-known Maxwell’s theory, was that 
an electromagnetic wave could scarcely 
penetrate a conductor. Thus, Alfven’s 
proposition of an electromagnetic wave 
propagating in a perfectly conducting 
medium with no attenuation seemed 
physically impossible. It was only in 1948 
when Alfven visited the United States 
for the first time and lectured about his 
work at a number of places that the 
correctness and significance of his work 
was recognized. According to an 
apocryphal story, when Fermy heard his 
lecture at the University of Chicago, he 
nodded his head and said, ‘Of course’. 
The next day the entire world of physics 
said, ‘Oh, of course’. 

Alfven was also the first person to 
suggest the existence of large-scale mag¬ 
netic fields in the galaxy. This was soon 
after it was discovered that cosmic rays 
were charged particles and not gamma 
rays filling the entire universe. This 
spurred Alfvdn to create a self-consistent 


picture of electrical currents flowing in 
a low-density plasma pervading the 
galaxy, giving rise to large-scale magnetic 
fields and the cosmic ray particles moving 
in spiral orbits about these fields. These 
ideas, which are well proven and accepted 
today, were way ahead of their times in 
the late 1930s when interstellar space 
was supposed to be a vacuum and could 
not support any currents. In 1939, he 
also proposed a remarkable theory of 
magnetic storms and the aurora in which 
he introduced several novel concepts, 
including that of the guiding centre 
approximation, the concept of electric 
field drift for plasma within the geomag¬ 
netic field and the concept of a ring 
current formed from quasi-trapped radia¬ 
tion. He preceded Fermi in suggesting a 
mechanism for cosmic ray acceleration 
and also provided the right tools for 
understanding phenomena such as the Van 
Allen radiation belts. 

Alfven’s intuitive approach was often 
in conflict with the prevailing style of 
doing science with idealized mathematical 
models which could be solved exactly. 
Thus, he often faced difficulty in publish¬ 
ing his papers. But his first book, Cos- 
mical Electrodynamics, published in 1950, 
in which he collected much of his early 
work, had a great impact in the develop¬ 
ment of space physics and plasma physics. 
This development also vindicated many 
of the fundamental concepts introduced 
by him. Thanks to his pioneering con¬ 
tributions, the theory of magnetohydro¬ 
dynamics has today become an established 
and well-developed branch of physics and 
is widely used in the field of astrophysics 
and fusion physics. 

Alfven was acutely aware of the impor¬ 
tance of technological developments lead¬ 
ing to the creation of new fields for 
scientific investigations and believed that 
the centre of gravity of the physical 
sciences is always moving’. He was thus 
an active supporter of newer space experi¬ 
ments and advances in fusion devices. 
He also believed in small-scale laboratory 
experiments to test basic concepts and 
promoted actively the development of 
such programmes in the institutions that 
he was associated with. Some of them 
carried out remarkable fundamental 
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experiments in plasma physics, often in 
the form of verification of some of his 
own ideas. For instance, in developing a 
comprehensive theory for the evolution 
of the solar system, Alfven intuitively 
proposed the concept of a critical relative 
velocity between a neutral gas and a 
magnetized plasma. Beyond this velocity 
the gas would ionize rapidly and the 
resulting plasma cloud would form the 
starting point for the process of conden¬ 
sation and accretion, leading to the for¬ 
mation of secondary bodies like planets 
and satellites. The value for the critical 
velocity was proposed to be 
where Kj and M are the ionization potential 
and mass of neutral atom. This limit has 
been experimentally verified in a number 
of experiments, including some carried 
out at the Royal Institute of Technology 
in Stockholm under his active encourage¬ 
ment. Likewise, he inspired a series of 
experiments and developments on the 
Marshall gun - a plasma device to create 
a minimum magnetic energy plasma con¬ 
figuration which he had theoretically 
proposed. This concept in the advanced 
form of a Spheromak configuration is 
today considered to be an attractive fusion 
confinement geometry. His original idea 
of intense electric field structures in space 
led to a large body of theoretical and 
experimental investigation into the so- 
called potential double-layer formations. 
Alfven also helped inspire some early 
plasma physics work in India when he 
visited the Tata Institute of Fundamental 
Research, Bombay, in 1958 at the invita¬ 
tion of Homi Bhabha and gave a series 


of lectures on plasma physics to the then 
fledging plasma physics group. 

Not all his ideas are accepted even 
today. He has put forward his own theory 
of cosmology, opposing the big bang 
model, and leaning towards the cosmology 
of Oscar Klien, with a universe oscillating 
between expansion and contraction. He 
believed that the universe was formed as 
an ambiplasma (i.e. with equal amounts 
of matter and antimatter) and suggested 
clever mechanisms for their segregation 
into separate worlds. He also emphasized 
the importance of dust in the universe 
and talked long time ago about ‘dusty’ 
plasmas. Cast in the role of an iconoclast, 
during his early struggles with the estab¬ 
lished scientific views in space physics, 
Alfven continued to question the estab¬ 
lished doctrine and always fought for his 
own ‘wild’ ideas. In the words of his 
friend and associate, Gustaf Arrhenius, 
Alfven was a ‘gentle wild man’. He was 
also an active campaigner against nuclear 
warfare and participated in the East-West 
‘Pugwash’ conferences that sought to 
prevent such confrontations. Originally a 
strong promoter of nuclear power genera¬ 
tion, he later grew apprehensive about 
the long-term safety of reactors and sought 
to highlight the problem of nuclear wastes. 
He continued to be active in research till 
fairly recently, sharing his time between 
the Royal Institute of Technology and 
the University of California in San Diego. 

Alfven was the recipient of several 
awards, including the Nobel Award in 
physics in 1970 (shared with Louis Neel), 
the Lomonosov Gold Medal of the Soviet 


Academy of Sciences, the Franklin Gold 
Medal of the Franklin Institute in Philadel¬ 
phia and the Gold Medal of the Royal 
Astronomical Society, UK. He was a 
member of the National Academy of 
Sciences in the United States and a Fellow 
of the Royal Society in Britain. His books 
included: Cosmical Electrodynamics, 1950; 
On the Origin of the Solar System, 1954; 
Cosmical Electrodynamics: Fundamental 
Principles (with C. G. Falthammar), 1963; 
Worlds-Antiworlds, 1966; Structure and 
Evolutionary History of the Solar System 
(with G. Arrhenius), 1975; Cosmic Plasma 
(monograph), 1981. He also wrote several 
popular scientific books, many of them 
in collaboration with his wife Kerstin 
Maria Erikson and often assuming the 
pen name of Olof Johannesson. 

Alfven has given the world of physics 
a rich legacy of ideas and tools. They 
have helped us reach out and understand 
many complex phenomena in the sun, 
the stars and the space beyond. They are 
also the basis on which one hopes to 
create the first star in the laboratory - and 
harness the energy of fusion reactions. 
Such is the power and reach of the field 
he helped create and which reflects in a 
striking way the true measure of his 
amazing genius. 

Abhuit Sen 
P. K. Kaw 


Institute for Plasma Research 
Bhat 

Gandhinagar 382 424, India 


Remembering Hannes Alfven and his work 


‘You know I love your country and I 
do Yoga everyday’. Professor Hannes 
Alfven was telling me this in a conver¬ 
sation in Gothenburg, Sweden, at a Plasma 
Physics conference in 1988. He further 
added, on seeing the book The Alfven 
Wave, the first book on this topic written 
by Akira Hasegawa from Bell Labo¬ 
ratories, NJ, USA and myself and dedi¬ 
cated to him, ‘You both seem to know 
more these waves than myself. This was 
the highest complement coming from 


Hannes Alfven, who discovered the 
Alfven waves in 1942. 

He can be justifiably considered as the 
father of space plasma physics and 
astrophysical plasmas. He originated many 
key theoretical ideas which opened a new 
vision in understanding of the plasma 
universe. Hannes Alfven received his 
Doctorate from the University of Upsala 
in 1934 and was appointed as Professor 
of electromagnetic theory and electric 
measurements at the Royal Institute of 


Technology, Stockholm, in 1940, at the 
age of 32. From this date to almost the 
end of his life, Alfven was an active 
scientist of this laboratory. His vigorous 
scientific and administrative activities led 
to the creation of several new departments 
within the Royal Institute of Technology. 
Three of these. Plasma Physics, Fusion 
Plasma Physics and Accelerator Techno¬ 
logy Departments now constituted a 
separate entity called the Alfven Labo¬ 
ratory. His own chair evolved correspond- 
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ingly into electronics in 1945 and plasma 
physics in 1963. 

From very early age, as a young boy 
Hannes Alfven was intrigued by radio 
sets and radio electromagnetic waves. His 
vision about magnetic and electric fields 
and interaction with matter in the universe 
led him to discover the entirely new kind 
of waves in conducting fluids interacting 
with magnetic fields, which are now 
known as Alfven waves. These waves 
have become a foundation stone in plasma 
physics and its applications to space 
physics, astrophysics and thermonuclear 
fusion plasma physics. In order to under¬ 
stand the theory of sunspots, Alfven in 
a now famous letter to Nature gave a 
very simple mathematical formulation 
describing the mutual interaction between 
electromagnetic fields and conducting 
fluid motion and found that this inter¬ 
action can give rise to a new wave 
phenomenon called electromagnetic- 
hydrodynamic waves. 

Alfven waves, as these waves are now 
known are low-frequency transverse 
waves propagating along the magnetic 
lines of force. Unlike sound waves, these 
are choosy about the direction of propaga¬ 
tion. Closely related to the Alfven waves 
is the concept of ‘frozen in magnetic 
fields , also due to Alfven. This concept 
simplifies greatly the physical reasoning 
about plasma phenomena but has its 
limitations. Using this concept it was very 
easy for Alfv6n to draw an analogy with 
the theory of stretched strings. The mag¬ 
netic-tension arising due to parallel com¬ 
ponent of the Lorentz force along the 
magnetic field lines can lead to the pos¬ 
sibility of transverse waves along the 
lines of force, with velocity given by 

where p is the mass density of the fluid 
on which the field lines are imbedded. 

The ‘frozen in’ concept, though 
simplifies greatly the physical reasoning 
about plasma phenomena, has its limita¬ 
tions. Alfven himself cautioned the plasma 
physicists in using this concept without 
proper justification. 

Incredibly, it took several years before 
the results arrived at by Alfven were 
taken seriously. The experimental verifica¬ 
tion of Alfven waves came still later due 
to technical difficulties. With the advent 
of space age now we have numerous 


number of satellite and spacecraft obser¬ 
vations pointing out the omnipresence of 
Alfven waves in space physical systems. 
The theoretical studies point out how 
various natural phenomena in nature can 
be explained as manifestation of the 
presence of Alfven waves. In recent years 
the study of Alfven waves in inhomo¬ 
geneous magnetic fields have led to a 
considerable understanding e.g. of solar 
coronal heating, bending waves in 
galaxies, the characteristic features and 
origin of ULF waves in the magnetically 
organized systems, the magnetosphere, 
particle acceleration in auroras and so 
on. 

The other natural phenomenon which 
attracted the attention of Hannes Alfven 



was the aurora. As we know auroras are 
a spectacular display of luminous radiation 
in the sky near polar regions. Auroras 
as we know from recent space experi¬ 
ments and theoretical developments are 
manifestation of the interaction of solar 
plasma with the earth’s magnetic field. 
Much before these ideas were established 
Alfven knew the key to the problem of 
understanding the auroral phenomena and 
in his very early years of research began 
to study the motion of charged particles 
in electric and magnetic fields. The guided 
centre approximation given by Alfven to 
study the equations of motion of charged 
particles in electromagnetic fields led to 
the development of this subject and the 


important adiabatic theory for describing 
the mathematical models of plasma based 
on single charged particle motion. The 
importance of Alfv6n work in this area 
can hardly be exaggerated. 

Alfven developed several other concepts 
regarding interaction of plasmas with 
magnetic and electric fields. Some of 
these were not well received initially but 
have later proved to be highly relevant 
and useful. For example, in a visionary 
paper published in 1958, he proposed 
auroral primary electrostatic potential drop 
along geomagnetic field lines. Such 
electric fields with huge potential drops 
were considered impossible at that time, 
but modern space probe measurements 
have established such electric fields and 
have also shown that this mechanism 
indeed plays a crucial role in the physics 
of aurora. Another example: as a part of 
a theory of the origin of the solar system, 
Alfven introduced the daring hypothesis 
of ‘critical velocity’ in plasma-neutral 
gas interaction. Its experimental validation 
came years later, and it took many years 
more before the mechanism could be 
explained theoretically. 

Carl G. Faithammar, Alfven’s student 
and close associate mentioned that though 
it is not widely recognized that as early 
as 1937 AlMn argued for the existence 
of a galactic magnetic field and by in¬ 
ference an ionized interstellar medium, 
both of which were at that time considered 
impossible but now, of course, are well 
established 

As to the theory of the origin of the 
Universe, Alfven had his favourite slogan: 
‘In the beginning there was plasma’. To 
understand the electricity and magnetism 
in space and the interaction of electromag¬ 
netic fields with conducting ionized matter 
in the plasma Universe was his passion 
which did not leave him till the very last 
days of his life. 

Hannes Alfven contributed towards the 
progress of space and astrophysical scien¬ 
ces not only through his work but by 
inspiring many students, colleagues and 
friends all over the world. I pay my 
homage to this great scientist and will 
miss his inspiring correspondence. 

Chanchal Uberoi 

Department of Mathematics 
Indian Institute of Science 
Bangalore 560 012, India 
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Professor S. N. Bose’s contribution to quantum statistics - A critical review 


5. K. Das and S. Sengupta 

The Indian Bose has given a beautiful 
derivation of Planck’s law including the 
constant (i.e. StcvVc^)’, wrote Einstein in 
July 1924 in a letter to Ehrenfest. He 
further commented that ‘Bose’s derivation 
is elegant but the essence remains 
obscure’ K We see that Bose’s work, from 
the very beginning, evoked a sense of 
mystery which haunted physicists even 
after a lapse of more than 50 years. The 
first surprise is that quantum statistics, 
the last major discovery in quantum theory 
prior to the advent of quantum mechanics, 
was initiated by a man almost unknown 
to the world of physics, living in isolation 
in Dacca (now in Bangladesh), far 
removed from the main centres of hectic 
activities in this field. It is doubtful if 
there is a second example like this in 
the history of physics. Perhaps it is this 
unbelievable element in Bose’s discovery 
which prompted the Nobel laureate scien¬ 
tist Max Delbruck to ask ‘Was the Bose- 
Einstein statistics arrived at by 
serendipity?’^. The same spirit is revealed 
in Pais’ remark that ‘Bose’s work is the 
most successful shot in the dark’^. There 
is, however,^a more important reason to 
suspect that the discovery might have 
been accidental. The first three papers on 
the subject published in quick succession 
(the first two papers of Bose"^’ ^ published 
in July 1924 and the first paper of 
Einstein^ in September 1924) make no 
mention of the most significant step for¬ 
ward in quantum statistics, viz. the con¬ 
cept of indistinguishability of the particles. 
It is really surprising that neither Bose 
nor Einstein in their first paper considered 
it necessary to examine critically the 
derivation of the new expression for ther¬ 
modynamic probability. It is only in his 
second paper^ (published in December 
1924) that Einstein discussed this problem 
in detail after Ehrenfest and others pointed 
out the gap. 

In this connection we mention a few 
more interesting features not quite well 
known. Bose actually gave two different 
expressions for thermodynamic prob- 


ability in his two 
paper"^ he writes 

papers. In the 

first 


w = ly," 

(Bl) 

Pq f p\ !• • • 


where Z*^ is the total number of elementary 
phase cells belonging to photons of energy 
hv\ in which N""' photons are distributed. 
p'l is the number of cells which contain 
r photons. As a result we have 

Y K = and X 

r r 

In the second paper, Bose writes 

^ (Z-^ + iV^:- 1) ! ^ (Z^' + N^) ! 

^ ! (Z' -l)! Af^Z’! 

and (B2) 

Before giving the expression (Bl), Bose 
simply writes ‘now it is easy to calculate 
the thermodynamic probability (macro- 
scopically defined) of a state’. He gave 
no idea as to how he arrived at the 
expression or why he chose the particular 
description of the macroscopic state. In 
the second paper, while discussing the 
thermodynamic probability for radiation, 
Bose writes that ‘this has been derived 
earlier’. And he gives two references. 
One is a paper by Bose to be published 
in Philosophical Magazine, but actually 
it was never published. The other is a 
paper by Debye (the paper published in 
1910, which we shall discuss later). Thus, 
we do not have any record of the details 
of Bose’s derivation of either (Bl) or 
(B2). 

Mehra^, while commenting on the rela¬ 
tion between the two expressions, says 
that can be reduced to W^. This, 
however, is wrong. W^' summed over all 
possible distributions of pj; leads to W^. 
Similar imprecise remarks have also been 
made by Ghose^ while comparing (Bl) 
with (B2), Einstein used (Bl) in his first 
paper and derived (B2) using the concept 
of indistinguishability, in the second 
paper. Pais^^^ remarked wrongly that (B2) 
is the ‘Einstein’s expression for W now 
used in textbooks’.It is generally believed 
that Bose derived the photon statistics by 
dropping the constraint on N, the total 
number of photons. He kept only E, the 
energy, as constant. This is not quite 
correct. Such confusions arise because 
the differences in Bose’s two derivations 
have never been examined critically. In 


his first paper, it appears that Bose max¬ 
imized W = n^. W^, but in fact he was 
maximizing Here he was maximizing 
with respect to variables p^ (which are 
regarded as the macroscopic parameters 
here) and it turns out that the procedure 
is equivalent to maximizing each 
separately keeping and = A'Av" 
constant. This implies that the photon 
number is also kept constant. Pais^^ 
comments that ‘the final irony is that the 
constraint of fixed Z'’ is irrelevant’. This 
is a careless remark. In the logarithmic 
derivative of one has to use this 
condition. However, the additional input 
of this condition through Lagrange’s mul¬ 
tiplier turns out to be trivial and unneces¬ 
sary. But this is only an accidental result. 
In his second paper, Bose maximized 
with respect to the variables A-* keep¬ 
ing only E = ly constant. Many 

such misconceptions seem to arise because 
physicists, in general, completely overlook 
Bose’s second paper. 

A more significant misconception is 
that quantum statistics started with Bose’s 
work. In his second paper, Bose starts 
with a critical examination of a paper by 
Debye^^ published in 1910, where he 
used statistical mechanics to derive 
Planck’s law. Bose concludes that 
Debye’s derivation is consistent with the 
photon description except for his deriva¬ 
tion of the factor StcvVc^. Debye used 
an expression for first written down 
by Planck in his book Warmestrahlung 
(English translation^^ appeared in 1913). 
This expression is identical to (B2) but 
Z"’ and were given a slightly different 
meaning. Natanson^^ in" 1911, derived 
Planck’s law using an expression for 
which is identical to (Bl). Both Debye 
and Natanson described black-body radia¬ 
tion in terms of normal-mode vibrations. 
This is equivalent to the description of 
radiation as an ensemble of harmonic 
oscillators. In 1914, Ehrenfest and Kamer- 
lingh Onnes^^ published a paper in which 
they tried to interpret Planck’s formula 
(B2) in terms of the distribution of 
photons. They concluded that if photons 
are regarded as mutually independent, 
Planck’s formula cannot be obtained. (See 
refs. 8 and 9 for a brief summary of 
these and other works.) 
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The influence of these earlier works in 
the development of quantum statistics has 
mostly been ignored. The central mystery 
that Bose discovered the photon statistics 
without discovering the basic concept of 
indistinguishability of photons remains 
unresolved. Authors reporting Bose’s 
work fill up the gap by asserting that 
implicitly Bose introduced the concept of 
indistinguishability. Such statements are 
not true and do not put Bose’s work in 
the right perspective. 

We suggest an alternative angle to look 
at Bose’s contribution. Based on available 
facts and some plausible conjectures, we 
show that Bose was partly right when 
he said that he was doing a Boltzmann 
type of calculation. In this work he was 
strongly influenced by earlier works, par¬ 
ticularly Planck and Debye. Thus, a con¬ 
tinuity in the development of quantum 
statistics can be established. This is pos¬ 
sible because of a fortunate circumstance. 
The concept of indistinguishability can 
be pushed back till we come to discuss 
the Bose-Einstein statistics of classical 
particles. For photons this concept is not 
an essential requirement. For example, if 
one uses Gibbs canonical ensemble for¬ 
malism, one can avoid the concept of 
indistinguishability. 

There is another interesting aspect of 
Bose’s work. A photon when regarded 
as a particle has an unusual nonclassical 
property. It has only one energy state of 
energy hv and momentum hv/c. If we 
try to change the momentum, we have 
to change v and this will give us a new 
photon and not an excited state of the 
earlier photon. Thus, for an ensemble of 
N identical photons of energy hv, if 
E = Nhv is kept constant, N becomes a 
constant and no variation is possible. 
Photons with different frequencies are not 
indistinguishable. If we consider radiation 
in an enclosure to consist of different 
frequencies V“'', then through absorption 
and re-emission by a speck of matter the 
number A'’ of each type of photons can 
be changed and variation of the prob¬ 
ability function W becomes possible. But 
such an ensemble consists both of dis¬ 
tinguishable and indistinguishable 
photons. This naturally raises the question, 
what type of statistical ensemble of 
photons was considered by Bose? Can 
this ensemble be compared with the stand¬ 
ard Boltzmann or Gibbs ensembles used x 
for classical particles? We discuss this 
question later. 


HISTORICAL COMMENTARY AND NOTES 


Bose’s two expressions for W: 
A conjecture on how Bose 
arrived at them 


The basic difference between the two 
expressions for W which Bose used is 
in the definition of the thermodynamic 
macrostate. In (Bl) this is defined by the 
variables pj and in (B2) by N‘\ The 
necessity for this arises because the en¬ 
sembles considered are really different, 
though apparently they seem to be the 
same. We shall take up this question 
later. At present we are interested in the 
mathematical relation between the two 
expressions. This relation is rather com¬ 
plex and many misstatements are found 
in the literature. Let us first write the 
correct relations: 

*^2 = £ • (Rl) 

Here s is kept fixed and the summation 
on the right-hand side is over all possible 
sets of distributions defined by 
(• • • p" • • •) keeping A*' and Z'’ fixed. It 
is evident that n. Wf for ar¬ 

bitrary distributions. Let us now suppose 
that we allow permutations among the 
photons, regarding them as classical par¬ 
ticles. Then we get 


I W'i'x 


Afl 

n,(r\/r 


(zY. 


(R2) 


The right-hand side gives the well-known 
classical value. The correctness of these 
relations can be checked only by showing 
that they treat the same combinatorial 
problem using different procedures. As 
we see, the relations are far more complex 
to be comprehended intuitively. It is a 
good and worthwhile exercise to take up 
a special case with small values of Z"’ 
and and verify the relations. 


In the Planck-Debye derivations of 
(B2), there is a change of language. They 
consider radiation as an ensemble of quan¬ 
tized harmonic oscillators. Z'' is inter¬ 
preted as the number of oscillators of 
frequency between v and v'' + dvExci¬ 
tation energy of an oscillator is written 
as (rr"+^)hv^ and, of all the oscillators 
in Z\ Z/i'/zv -I-constant is the zero-point 
energy. Dropping the constant part, the 
total excitation energy of the oscillators 
is E' = A-'/iv*', where A"' = Iff • A"' may 
be defined as the total excitation number 
for the Z' oscillators. The difference in 
the interpretations of the two quantities 
Z‘' and A*' by Bose and Planck-Debye 
is very significant (Table 1). 

It is to be noted that the mathematical 
expressions for Z"‘ and £ are the same 
in the two interpretations. If we look at 
the combinatorial problem of distributing 
the number A'’ in Z ' oscillators (Planck- 
Debye picture) then the result is the same 
as in (B2). Here Z'-oscillators are all 
distinguishable and the question of iden¬ 
tity of photons does not arise. Hence, 
the calculation follows a straightforward 
Boltzmann method. When we try to 
evaluate W' using the Bose picture, two 
different results are obtained. If we drop 
permutation among photons, we get (B2). 
But if we allow permutation, we get 
W' = (Z*^)^. The central problem is that 
Bose, who was well conversant with 
Boltzmann’s method of calculation, 
should have written down this expression. 
Instead he wrote (B2). Why? 

In his statement to Mehra^^', Bose stated 
that he had read Planck’s book 
Warmestmhlung. In his second paper^ 
Bose examined Debye’s paper critically. 
It is clear that he was familiar with the 
expression (B2) for W'’. ‘Debye has shown 
that Planck’s law can be derived using 
statistical mechanics’, with these words 
Bose starts his second paper. But Bose 


Table 1. Difference in the interpretations of Bose and Planck-Debye 


Bose Planck-Debye 


Z® = Stcv®' dv"® p/h^ 

Number of elementary phase 
cells, each of volume If, 
belonging to photons of 
frequency lying in the range 

V® to v^ + dv^ 

Number of different harmonic 
oscillators belonging to the 
frequency range v® to 
v®+dv® 

NS 

Total number of photons in 

Total excitation number of the 


Z® cells 

Z® oscillators 

E" = A"/7V* :: 

Total energy of all the photons 

Total energy of all the 


in Z® 

oscillators in Z® 
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objects that his derivation is not com¬ 
pletely independent of classical 
electrodynamics. Because Debye calcu¬ 
lates the number by using the idea 
of normal-mode vibrations, i.e. using the 
idea that radiation has a wave nature. 
Bose strongly believed in Einstein’s 
photon picture of radiation. His one obses¬ 
sion was that if this idea is correct then 
one must be able to derive Planck’s law 
by considering radiation as an ensemble 
of particles (photons) and in no way 
using the wave picture. Debye’s use of 
normal modes in deriving Z*'’ was con¬ 
sidered by Bose as a serious flaw in this 
scheme. So he replaced this by a new 
derivation by introducing the concept of 
phase space of photons each of which 
has a momentum hv'Vc. In this new 
picture Bose writes ‘Stcv^ dv v/c^ can be 
interpreted as the number of elementary 
cells in the six-dimensional phase space 
of the quanta. Further calculations (of 
Debye) remain essentially unchanged'. 
The last comment has a crucial sig¬ 
nificance. It means that Bose assumes 
that in the photon picture, Debye’s cal¬ 
culation of (i.e. (B2)) remains un¬ 
changed. By implication it follows that 
Debye’s idea of an oscillator excited to 
a state of energy is, in Bose’s 

language, equivalent to having n^ phonons 
each of energy hy '\ This equivalence is 
basically right as has been proved after 
quantization of radiation field. But in 
1924 it was not known. Here Bose showed 
superb intuition. With this equivalence, 
both the expressions for Z" and become 
identical in the two pictures of radiation 
(ensemble of photons and ensemble of 
normal-mode vibrations). Hence, if 
Planck s law is to be derived, the expres¬ 
sion for must necessarily be the same 
in the two pictures. Our conjecture, based 
on the brief statements of Bose quoted 
above, is that Bose arrived at this con¬ 
clusion through intuition and did not wait 
for a proper analysis of the implications. 
This conjecture alone can explain the 
way he introduced the expression for 
for photons in his second 
paper -‘Thermodynamic probability for 
radiation: This has been derived earlier^’. 
Reference 7, as we have mentioned ear¬ 
lier, contains Debye’s paper. Our conjec¬ 
ture also explains why Bose thought that 
he was not introducing any basically new 
concept in the calculation of W'. Once 
the equivalence is taken for granted, one 
can utilize the Planck—Debye derivation 


of W\ which is done entirely in the 
Boltzmann framework. 

What about Bose’s formula for in 
the first paper? We do not know if Bose 
had seen Natanson’s paper of 1911, where 
the expression (Bl) was derived using 
the Planck-Debye picture. Naturally, here 
our conjecture will be more speculative. 
Our guess is that Bose was not aware 
of Natanson’s paper. Otherwise, he would 
have referred to it as he had referred to 
Debye in his second paper. Planck, in 
his book, considered radiation of a single 
frequency. His ensemble consisted of 
quantum oscillators all of frequency 
v^. For this he derived the expression 
for (i.e. (B2)). But here both the 
parameters Z*^ and N^' are constant and 
there is no variable parameter with respect 
to which one can maximize W\ Both 
Natanson and Bose independently 
resolved this difficulty by introducing the 
variable Bose, using photon language, 
had the additional constraint to make his 
expression for consistent with the 
Planck’s expression for W^. 

After enunciating the combinatorial 
problem as Bose had done in the first 
paper, one would immediately write down 
the expression for W/. The question of 
permutation of the particles would come 
later. Our conjecture is that after writing 
W(, Bose could easily check that it was 
consistent with So he was sure that 
the formula was correct, and he over¬ 
looked the finer details about the per¬ 
mutation of the particles. One thing seems 
almost sure, that Bose was not aware of 
the paper by Ehrenfest and Kamerling 
Onnes^^. Had he seen this paper, it seems 
almost certain that the question of indis- 
tinguishability would have taken a 
prominent part in his paper. 

The scenario changed completely when 
Einstein extended Bose’s formula to clas¬ 
sical particles. The alternative Planck- 
Debye picture is no longer valid and one 
has to justify the derivation of or 
independently. Hence, the concept of 
indistinguishability becomes essential. 

Let us now summarize our conclusions. 
Firstly, Bose reinterpreted the Planck- 
Debye derivation of radiation formula in 
terms of photon language. In doing this 
he correctly anticipated that both the lan¬ 
guages are tme and that the expression 
for remains unchanged by the change 
of language. This equivalence made it 
possible for Bose to derive photon statis¬ 
tics without introducing the concept of 


indistinguishability. Secondly, Bose intro¬ 
duced the concept of phase space of 
photons, which made his photon statistics 
look almost identical to particle statistics. 
This led to the extension of his formula 
for to classical particles. In the 
Planck-Debye language one could not 
even think of such an extension. 

Statistical ensemble in Bose’s 
two derivations 

We have already mentioned some very 
peculiar nonclassical properties of 
photons. As a result, an ensemble of 
photons will have properties not exactly 
similar to those of an ensemble of classical 
particles. Hence, it is relevant to discuss 
precisely what sort of ensembles Bose 
used in his photon statistics. 

In the first paper Bose writes 
5 = /: In W, W = ny (W'^’ given by 

(Bl)). The constraints are Z^' = 

E = Z^hv^’rp'l. Apparently, it may 
seem that Bose is considering an ensemble 
of photons of all frequencies and maxi¬ 
mizing W. But, in fact, he was maximizing 
only keeping and E^, = N^'hv^ 
constant. It is easy to see that, if we do 
this, all of Bose’s results remain the 
same. This is because each ensemble of 
photons has a most probable distribu¬ 
tion for p") corresponding to the equi¬ 
librium state at a temperature T, say. If 
all these ensembles are put in thermal 
contract, they will still be in equilibrium. 
Thus, maximizing W in terms of p^ 
automatically maximizes W. 

Thus, Bose, in the first place, was 
considering a Boltzmann ensemble of 
A" identical photons each of one energy 
stage hv^. The nonclassical feature of 
this ensemble is that when E^ is kept 
fixed, no variation of W^' is possible. The 
situation is somewhat like an ensemble 
of particles all of whose energy states 
are degenerate. Bose introduced a new 
definition of a macroscopic state in terms 
of the parameters pj;, which can then be 
varied to give different values of W^'. It 
is interesting to note that in terms of the 
Planck-Debye picture, variables come 
out quite naturally. The ensemble of Z*" 
oscillators with a tofi^^ excitation energy 
E^ = N^hv^ is a simple Boltzmann en¬ 
semble, where the distribution parameter 
is the number of oscillators excited to 
the rth state of energy rhv ^ and this 
exactly corresponds to the variable p^ 


78 


CURRENT SCIENCE, VOL. 69, NO. 1,10 JULY 1995 


HISTORICAL COMMENTARY AND NOTES 


defined by Bose. This again confirms our 
conjecture that Bose was intuitively con¬ 
vinced about the mathematical identity of 
the two descriptions of radiation. 

In the second paper, Bose, following 
Debye, maximizes W and not W\ Here 
the distribution parameter is The en¬ 
semble is neither Gibbs canonical nor 
Boltzmannian, It is semi-Gibbsian. We 
have TV' identical photons as a sub¬ 
ensemble. Varying we generate other 
subensembles and put them in thermal 
contact. Photons in any two subensembles 
are nonidentical. Since W" depends on 
Z and we can change by varying 
and then maximize W by the usual 
technique. The only constraint here is 
that E = a constant. 

Summary 

Bose had been plagued throughout his 
life by the question how he got the 
formula for W without using the indis- 
tinguishabiljty concept. In an interview 
with Mehra^"^ towards the end of his life, 
he stated: ‘I had no idea that what I had 
done was really novel.. . Instead of think¬ 
ing of the light quantum just as particles, 

I talked about these states. Somehow, 
this was the same question which Einstein 
asked when I met him (in October or 
November 1925), how had I arrived at 
this method of deriving Planck’s formula.’ 
Bose thought that he was using the stand¬ 
ard Boltzmann method. And we believe 
that he was right. 

The development of quantum statistics 
is not as abrupt as is usually believed. 
There is a continuity starting from the 
works of Planck, Debye, Natanson, Ehren- 


fest and Kamerling Onnes and others. 
This has been possible because, for radia¬ 
tion, there are two alternative ways of 
treatment; one may consider it as an 
ensemble of distinguishable quantized har¬ 
monic oscillators (Planck-Debye picture) 
or as an ensemble of indistinguishable 
photons (Bose picture). Both lead to the 
same expression for W. Bose used the 
photon language to describe the ensemble 
but the Planck-Debye picture to calculate 
W and thereby sidetracked the question 
of indistinguishability. When Einstein 
extended Bose’s expression for W to par¬ 
ticles, then the alternative Boltzmann pic¬ 
ture of oscillators disappeared. One can 
derive the particular expression for W by 
using the concept of indistinguishability 
alone. And this Einstein did in his second 
paper. 

In the history of physics, the discovery 
of the B-E statistics is a remarkable 
example to show how tortuous the path 
along which ideas in physics develop is. 
We are reminded of the incisive remark 
by Koestler^^, made in connection with 
the discoveries in cosmology: The history 
of cosmic theories may without exaggera¬ 
tion be called a history of collective 
obsessions and controlled schizophrenia; 
and the manner in which some of the 
most important individual discoveries 
were arrived at reminds one more of a 
sleep-walker’s performance than an 
electronic brain’s.’ 
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MEETINGS/SYMPOSIA/SEMINARS 


32nd Annual Convention of Indian Geophysical Union and 
Meeting on Marine Geophysics 

Place: National Geophysical Research Institute, Hyderabad 
Date: 19-21 December 1995 

Topics include: 1. Geophysical instrumentation. 2. Atmospheric 
sciences. 3. Geophysical exploration. 4. Space sciences and 
planetology. 5. Geodynamics. 6. Lithospheric studies. 7. Marine 
geosciences. 

Contact: Dr P, R. Reddy 

Hon. Secretary, Indian Geophysical Union 
NGRI Campus, Hyderabad 500 007 
Phone: 670141 


International Symposium on Geology and Geophysics of the 
Indian Ocean 

Place: National Institute of Oceanography, Goa, India 
Date: 21-24 October 1996 

Topics: 1. Structure and tectonics. 2. Particle fluxes and sedimen¬ 
tary processes. 3. Sea-level changes and paleoceanography. 4. 
Non-living resources of continental margins. 5. Deep-sea mineral 
deposits and their environment. 6. Technology, policy, economics 
and geopolitics of offshore exploration and exploitation 

Contact: Dr Ch. M. Rao, Convener 

National Institute of Oceanography 

Dona Paula, Goa 403 004, India 

Phone: 91-(0)832-221352 

Fax: 91-(0)832-223340/91-(0)832-221360 (BTIS) 

e.mail: ocean@bcgoa.emet.in 


4th International Conference on Physiological Fluid Dynamics 

Place: Jiwaji University, Gwalior, India 
Date: 8-10 December 1995 

Topics include: Biorheology, Atherosclerosis, Flow visualization, 
Clinical hemorheology. Simulation/modelling, Biotransport, 
Microcirculation, Arterial hemodynamics. Red cell deformability 
and aggregation. 

Contact: Prof. V. P. Saxena, Secretary 

School of Mathematics & Allied Sciences 
Jiwaji University, Gwalior 474 011, India 
Phone: (0091) (751) 341905 
Fax: (0091) (751) 341450 


^sociation of Special Libraries & Information Centres 
(lASLIC) XX All India Conference on Information Tech¬ 
nology Products of 1990s and Library and Information 


Topics include: Information technology as media. Computer 
software information products. Information seeking behaviour 
and information technology products. Infrastructural facilities 
needed for utilisation and maintenance of information products. 
Economic feasibility studies of information technology products' 
Legal implication to utilisation of information technology 
products. Competency in utilisation of information technology 
products knowledge and skills. 

Contact: Convener 

Editorial Committee 

XX All India Conference 

lASLIC, P-291 CIT Scheme 6M, Kankurgachi 

Calcutta 700 054 

Phone: 349651 


National Symposium on Recent Advances in Biosciences 

Place: Dept, of Biosciences, Maharshi Dayanand Universitv 
Rohtak 

Date: 14-16 October 1995 

Contact: Prof. V. P. Agrawal 
Secretary General 

Society of Biosciences, 25/4, Ram Bagh Road 
Musaffarnagar 251 001, U.P. 


National Symposium on Deccan Flood Basalts of India 

Place: Nagpur 
Date: February 1996 

Topics include: 1. Stratigraphy, structure and tectonics. Geophysi¬ 
cal studies leading to understanding of sub-Deccan crust and 
mantle. 2. Geological and volcanological studies. Morphological 
characters of lava flows and interpretation of volcanic history. 
3. Petromineralogical, geochemical and petrogenetic studies. 4. 
Genesis and evolution of magma, composition of sub-continental 
mantle, degree of crustal contamination and genesis of small 
volurnes of magmas of extreme compositions. 5. Age and 
duration, palaeomagnetism, palaeontological studies on infra and 
intertrappean beds. 6. Geomorphology, plateau uplift and erosion, 
recognition and dating of planation surfaces. 7. Intrusives: 
Geology, geochemistry, structure and tectonics, age, palaeomag- 
netic characters, spatial and temporal relationship between intni- 
sives following different tectonic trends and of differing 
compositions, recognition of feeder dykes. 8. Geophysical, 
geotechnical and seismic studies. 9. Economic aspects, including 
groundwater potential, with special emphasis on geothermal 
energy resources and prospects for polished stone industry. 


n-entres 


Place: Dept, of Library & Information Science 
Lucknow University, Lucknow, U.P. 

Date: 26-29 December 1995 
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Contact: Shri K. K. K. Nair 

Geologist (Sr), Organising Secretary 
Geological Survey of India 
Central Region, New Complex, Seminary Hills 
Nagpur 400 006 

Phone: (O) 534448 (R) 220089 
Fax: (0712) 532636 
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In this issue 


High seismic hazard along the 
central Himalaya (Dehra Dun to 
Muzaffarpur), and risk to Tehri 
dam 

The first step in estimating earth¬ 
quake hazard in an area, from which 
engineering specifications could be 
derived for the design of earth¬ 
quake-resistant structures, is to de¬ 
fine the possible earthquake 
threat(s) to the region. This, in turn, 
requires (a) delineation of the most 
likely fracture plane(s) (geological 
faults) that could be the site where 
long-accumulated strain will be sud¬ 
denly released and (b) rates of strain 
accumulation and the current strain 
budget(s) of these faults or fault 
systems, the last of these being diffi¬ 
cult to determine directly except 
through stress measurements and/or 
the historical records of past earth¬ 
quakes associated with the fault(s). 
Assuming a failure strain of 10“^, 
one can then estimate the probabili¬ 
ties of exceedance of strain release 
or slip on these faults over a given 
period of time in the future, and 
further, as shown by Khattri (page 
161) the expected ground motion 
time histories and the probabilities 
of exceedance of ground motion 
parameters (displacement, velocity, 
acceleration and duration of strong 
shaking) at a specified distance from 
them. The latter constitute the basic 
quantities needed for a seismic de¬ 
sign. 

Earthquake hazard in the Hima¬ 
laya and in the adjoining densely 
populated plains to the south is 
dominated by the great plate bound¬ 
ary earthquakes which accompany a 
sudden slip of the persistently 
northward driving Indian plate, be¬ 
neath the overriding Himalaya. Once 
every few hundred years, therefore, 
when the steadily accumulating 
strains exceed the bearing capacity 
of the intervening fault systems, 
various segments of the Himalaya 
lurch forward over the foothill 


plains in a giant leap of 6-10 m 
along a gently northward dipping 
fracture plane, which is typically 
300 km long and 100 km wide. 

However, the entire 2400 km long 
Himalayan belt from Nangaparbat in 
the west to Namcha Barwa in the 
east, although compressed at ap¬ 
proximately the same rate, does not 
slip as a single continuous rupture. 
For, there are a number of transverse 
fractures incised by the strong pre¬ 
existing grains of the underthrusting 
Indian plate, that segment the Hima¬ 
layan arc mechanically, thereby 
providing an additional degree of 
freedom which allows its various 
segments to slip independently, ad¬ 
justing the times of their slippage 
(earthquakes) according to the na¬ 
ture and strength of their respective 
fault asperities. Thus, the giant slips 
of the various Himalayan segments 
whilst having approximately equal 
renewal intervals (recurrence peri¬ 
ods of great earthquakes) tend to 
stagger in time. 

Four great earthquakes have been 
known to rupture about half of the 
Himalayan plate boundary over the 
past 100 years, and although a direct 
determination of the strain rate 
across this boundary still remains to 
be made, various constraints indi¬ 
rectly indicate a figure of 15 mm/yr 
(strain rate -1.5 xl0“^/yr). This, in 
turn, suggests that the recurrence 
interval for a great Himalayan earth¬ 
quake would be about 600 years. 
Unfortunately, our historical record 
of seismicity in India is rather poor, 
which makes it impossible to esti¬ 
mate the current strain budget along 
a fault that has no known record of 
an associated earthquake in the past, 
even if the rate of strain accumula¬ 
tion is known. 

It will thus be apparent that whilst 
it would be safe to assume that those 
parts of the Himalaya which have 
ruptured in the past 100 years are 
unlikely to accumulate enough strain 
for a great earthquake at least for the 


next 400-500 years, others that have 
not been ruptured for 500-600 years 
by a great earthquake have most 
likely accumulated more than 8 m of 
slip (strain = 10^) and are, therefore, 
ripe for a great earthquake which 
could have a magnitude greater than 
8.5. 

One such long segment in the Hi¬ 
malaya where no great earthquake 
has occurred since the 13th century 
and where potential seismicity is, 
therefore, extremely high is the 
Central Himalayan seismic gap ex¬ 
tending from Dehra Dun to Muzaf- 
farpur. Since a number of large 
dams are being constructed in this 
area, an evaluation of its seismic 
potential over the next 300—400 
years, covering the life and residual 
after-effects of the dam, has been a 
matter of great public concern and 
regrettably of an unresolved public 
debate between seismologists and 
engineers, particularly in respect of 
low estimates of earthquake hazard 
and high percentile of risk adopted 
in the engineering design of the dam 
structure. 

Two well researched papers in this 
issue (Bilham, page 101) and 
(Khattri, page 161) address the two 
main arguments underlying the 
adoption of low hazard figures: (a) 
the assumption that the 1833 Nepal 
earthquake did considerably dimin¬ 
ish the accumulated strain in this 
part of the Himalaya and (b) that the 
rock attenuation figures in the area 
being high, ground accelerations 
would decrease rapidly away from 
the fault. The two papers contained 
in this issue provide enough evi¬ 
dence to refute both these possibili¬ 
ties, and call for attention to the 
dangerous consequences of inade¬ 
quate safety figures incorporated in 
the design of this large critical 
structure. 

The first paper by Bilham shows 
convincingly that the only major 
earthquake to occur in this region 
after the well-documented disastrous 
earthquake of 1255 was the 1833 
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Nepal earthquake, which more or 
less coincided with the western ex¬ 
tremity of the 1934 Bihar earthquake 
rupture and, in any case, was too 
moderate to cause any significant 
reduction of the strain budget in the 
Central Himalayan seismic gap. The 
message, therefore, is that this sector 
of the Himalaya has not experienced 
a great earthquake for about 750 
years and unless accumulating 
strains are relieved by aseismic 
creep, which appears unlikely on the 
basis of the evidence of recent lev¬ 
elling data in Nepal, the accumu¬ 
lated slip in the region may be as 
high as 10 m, capable of generating 
a great earthquake of magnitude 
8.5-9.0 in the near future. 

The second paper by Khattri, us¬ 
ing the actual ground acceleration 
records of the 1991 Uttarkashi 
earthquake as a basis for simulating 
the ground acceleration record at 
Tehri, which lies in the Central Hi¬ 
malayan seismic gap, shows that 
peak ground acceleration expected 
to occur at Tehri in the wake of 
M= 8.5 earthquake would be as high 
as 1.0 g, and would continue to 
shake the ground intensely a period 
longer than 20 s. 

These two papers thus make a 
valuable and timely contribution 
towards alerting all those concerned 
with the construction of large criti¬ 
cal facilities in the Central Himalaya 
to study carefully the scientific re¬ 
sults and computer-simulated visu¬ 
alizations that argue against the 
unrealistically low figure of earth¬ 
quake hazard adopted in the design 
of the 260 m high Tehri dam and to 
revise its design so as to ensure 
long-term protection to large unwary 
communities downstream. 

V. K'. G. 


Molecular processes: Faster 
and faster 

Chemical kinetics is the study of the 
rates of chemical reactions and their 
interpretation in terms of molecular 
mechanisms. Classically, the deter¬ 
mination of rates was restricted to 
processes occurring in time scales of 
several seconds or longer due to 
limitations of measurement. Over 
the last forty years or so there has 
been a steady improvement in the 
shutter speed of chemists’ cameras. 
While measurements in the millisec¬ 
ond regime were at the forefront in 
the 1950s, even picosecond time 
scales will be passe in the late 
1990s. Technical barriers have been 
regularly breached and experimental 
studies of* femtosecond (10“^^s) 
processes are now possible. 

Part of the motivation for studying 
ultrafast molecular processes stems 
from the increasing inroads that 
have been made in understanding 
critical biological events in ultimate 
chemical detail. Electron transfer 
processes in photosynthesis and the 
critical isomerization of the visual 
pigment retinal in the rhodopsins 
following photoexcitation are among 
the best studied. It is after all enor¬ 
mously exciting to be able to follow 
events immediately after photon 
capture which eventually lead to the 
wonderful phenomenon of vision. 
Biology affords the physical scien¬ 
tist an extraordinary range of im¬ 
mensely complex problems, which 
may be addressed using techniques 
that have been tried and tested on 
the more tractable problems of 
physical chemistry. 

Ions and molecules in solution are 
solvated and there is an unceasing 
dance of chemical species in solu¬ 


tion, modulated by myriad interac¬ 
tions. Excitation of chromophores 
most often leads to changes in 
charge distribution, necessitating 
solvent rearrangements to achieve an 
equilibrium excited state. Measure¬ 
ments of solvent reorganization 
times, sometimes of the order of 
200 fs to 1 ps, have become possible 
recently using ultrashort laser 
pulses, providing remarkable tempo¬ 
ral resolution of molecular proc¬ 
esses. The detection of ultrafast 
events in liquids like water, metha¬ 
nol and acetonitrile, of course, raises 
the question of their origin. This is 
happy hunting ground for theoreti¬ 
cians and provides many insights into 
the dynamic behaviour of liquids. 

For the connoisseur of ultrafast 
events, electron transfer is undoubt¬ 
edly one of the most delectable 
items on the menu of chemical proc¬ 
esses. The celebrated Marcus theory 
is the cornerstone in the understand¬ 
ing of electron transfer. Can solvents 
or the medium affect the very rapid 
electron transfer reaction? Recent 
studies suggest that there are spe¬ 
cific situations where medium ef¬ 
fects are indeed observable. What 
appears to be a rather esoteric area 
of physical chemistry may acquire 
broad importance in the light of the 
determination of the detailed mo¬ 
lecular structures of proteins in¬ 
volved in biological electron 
transfer, where electrons hop be¬ 
tween metal ion centres through a 
dense thicket of protein atoms, with 
the aqueous solvent being almost 
completely excluded. The interplay 
of experiment and theory has been 
particularly fruitful in the area of 
ultrafast chemistry as highlighted in 
the review by Bagchi (page 129). 

P. B. 
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Patenting biotechnologies 


The National Institutes of Health (NIH), 
Bethesda, is seldom away from contro¬ 
versies where patents are involved. Per¬ 
haps, as a major sponsor of biological 
research, it stands to gain more than any 
other corporate body in the USA. Ber- 
nadine Healey, the former Director of 
NIH, first pushed for patenting of ran¬ 
dom human gene stretches. These were 
dropped in a hurry when the scientific 
community protested. Even Medical 
Research Council of UK after beginning 
like NIH soon backtracked. Last month, 
however, NIH volunteered back into the 
hotseat. And this time, it is for patenting 
the basic technique of ex vivo gene ther¬ 
apy! The application made in 1989 had 
initially sought protection for all tech¬ 
niques of gene therapy, both in vivo and 
ex vivo. The claims were watered down 
by the US patent office and now the 
patent covers only those ex vivo manipu¬ 
lations in which malfunctioning human 
cells are genetically altered to produce 
therapeutic levels of protein outside the 
body and then replaced. Fortunately, 
this patent does not cover ‘alternative 
techniques’ and is restricted to the 
United States. Even then, the cover is 
big enough to alarm researchers. Nor¬ 
mally, this would not hamper research. 
Yet anyone wanting to. commercialize 
any form of gene therapy may have to 
get a sub licence to do so. With many 
players in the game, it does not appear 
likely that the patent will go unchal¬ 
lenged. There has been of late some 
interest in gene therapy in India, and 
the US experience is a pointer for In¬ 
dian professionals engaged in biotech¬ 
nology. 

What we Indians should especially 
take note of is the receptivity of the US 
patent office to changing technological 


and commercial scenario. The move by 
the US PTO underlines its realization 
that gene therapy is likely to succeed as 
a viable therapeutic technology in the 
coming years. The departure from its 
previous stance of insisting on extensive 
proof of the utility of the invei on be¬ 
fore granting a patent only str engthens 
this observation. 

The Indian patent system, in compari¬ 
son, has twisted itself into knots making 
compromises. Notwithstanding the fail¬ 
ure of the bill in the Rajya Sabha and its 
dubious fate, the Ordinance does not 
have any teeth for biotechnology inven¬ 
tions. The current stance of the Patent 
Office to turn down anything genetic or 
involving DNA (‘Agracetus syndrome’) 
will do more harm than good to Indian 
science. There are several patentable 
inventions in the country’s many labora¬ 
tories that are not being patented abroad 
because of financial constraints, nor can 
they be patented in India because of the 
stance of the Indian patent office. 

What laws apply to biotechnology 
patents in India? The Indian Patents Act 
of 1970 states that novelty, utility and a 
manner of manufacturing are the pre¬ 
requisites to patenting. When a tangible 
substance or product results, the process 
can be patented [see 2(1)(J)]. Unfortu¬ 
nately, the Patent Office does not 
recognize methods of diagnosis, re¬ 
combinant organisms, etc., as a sub¬ 
stance or a tangible end-product. Read 
together with section 3(i), which states 
that ‘any process for medicinal, surgi¬ 
cal, curative, prophylactic or other 
treatment of human beings or any proc¬ 
ess for a similar treatment of animals or 
plants to render them free of disease or 
to increase their economic value or that 
of their products’, the scope of obtain¬ 
ing a patent on biotechnological inven¬ 


tions in India is highly restricted. A 
crucial issue we have not addressed so 
far is defining microbial organisms in 
the legal context. Patents on recombi¬ 
nant organisms, elsewhere, are adjudged 
by the amount of human ingenuity in¬ 
volved and this calls for a legally de¬ 
fined reference point. Unlike other 
advanced countries, we have not made 
any distinctions between microbes and 
higher forms of life. Consequently, mi¬ 
crobes are treated at par with animals 
and plants, and any method of modify¬ 
ing them contravenes the directives 
implicit in section 3(i) and therefore is 
not patentable. DNA probes, cloned and 
genetically engineered organisms are 
thus not patentable in India. Any bio¬ 
technological process done in vivo (even 
in a microorganism) does not lead to a 
new ‘substance’ while also enhancing 
its economic value, thereby rendering 
the invention nonpatentable under the 
1970 Act! For food and drugs, effective 
protection will still be 5 years, a disin¬ 
centive when one realizes that drug de¬ 
velopment may take at least as long, if 
not more. 

There is no concordance amongst the 
various patent offices of the country in 
their interpretation of inventions per¬ 
taining to biotechnology. There are in¬ 
stances where applications disallowed 
by one office have been admitted in 
another. To compound to that, it is un¬ 
derstood that an internal communique 
from the Controller General forbidding 
patent protection for certain biotech¬ 
nological inventions, assigning no 
grounds for such a stand, has befuddled 
patent attorneys. This obviously has no 
legal sanction under the Act, yet it is 
another potential obstacle for the patent 
seeker, who then has to resort to legal 
recourse. 
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Filing applications under the World 
Trade Organization (WTO) has been 
seen as an alternative. Product patent 
can no doubt be sought under the WTO, 
yet biotechnological issues are, in ef¬ 
fect, sidestepped. The ordinance does 
away with Section 39*, which made it 
mandatory for an Indian inventor to first 
seek an Indian patent before applying 
anywhere in the world! Under the new 
regime, an identical application must 
first be accepted in a convention coun¬ 
try after 1 January 1995 against which 
the inventor can seek exclusive market¬ 
ing rights in India. If the invention was 
made in India, and a process patent for 
producing that particular ‘substance’ 
had been granted, with the approval of 
the Controller, the inventor can enjoy 
exclusive marketing rights for five years 
or till a patent is granted or the applica¬ 
tion rejected. In all other cases, the 
Controller would not be calling for a 
patent examiner’s report till 31 Decem¬ 
ber 2004. Thus, even filing under the 
WTO in India means a long cold stor¬ 
age, a not too satisfactory proposition 
when one knows the short life-span of 
biotechnology products. Though prod¬ 
uct patents can be obtained for drugs, 
medicines and agrochemicals, the 
amendment does not affect the existing 
restrictions on the grant of patent pro¬ 
tection in respect of substances pro¬ 
duced by chemical reaction, alloys, 


*Section 39 is back, with the lapse of the 
Presidential Ordinance. 


Why not platinum? 

This note is intended to draw the atten¬ 
tion of geoscientists to the need of 
looking at the platinum content of con¬ 
tinental sulphide deposits. 

The discovery of attractive quantities 
of gold and silver in oceanic sulphide 
deposits prompted a renewed interest in 
the continental sulphide deposits. Sev¬ 
eral important and interesting papers on 
this aspect were presented during the 
Annual General Meeting of the Geo¬ 
logical Society of India in December 
1994. Surprisingly, none dealt with the 
platinum content. In fact, one of the 
first publications on ocean floor massive 
sulphide deposits by Hekinian et ai ‘ did 
report on the platinum content of the 
East Pacific Rise (21°N) deposits. Elec- 


optical glass, semiconductors and in- 
termetallic compounds. 

Indian inventors seeking patents 
abroad are very often stymied by the 
substantive examination of the US PTO. 
In determining prior art, the US PTO 
scans the available literature, which is 
apparently disjointed with no obvious 
interconnections, and then mosaics 
them, to state that from the emerging 
cited literature the idea is a logical ex¬ 
tension and, therefore, obvious. The 
other stumbling block is the protection 
of patents and their ‘alternatives’. Any 
substance substantively made by a 
similar process having substantively 
similar properties and giving substan¬ 
tively similar results is deemed as an 
‘alternative’. The cost of clarifying 
and/or modifying claims in response to 
the examiner’s report is also too costly 
to discourage further action. 

There are several Indian laboratories 
doing good work with genetic probes. 
Since patenting gene sequences is not 
allowed and any diagnostic process is 
deemed -unpatentable, many Indian re¬ 
searchers are losing out in the interna¬ 
tional race. 

The new use of a known drug has 
again become patentable in the US. 
With the expertise available in the West 
to isolate, characterize and synthesize 
plant alkaloids and other natural prod¬ 
ucts with therapeutic properties faster, 
there is a potential threat that soon our 
wisdom of traditional medicine will be 
rendered impotent. 


tron microprobe analysis revealed that 
platinum is present as a dispersed con¬ 
stituent in most sulphide phases that 
contain gold and silver. Its concentra¬ 
tion ranges between 0.1 and 1.4% by 
weight. Further details of platinum in 
different sulphide-phases can be found 
in Hekinian et aL\ 

Studies of oceanic sulphide deposits 
have been important in providing in¬ 
sights into the genesis of continental 
sulphide deposits which themselves 
formed in an oceanic setting once upon 
a time. So, when oceanic sulphides 
contain attractive quantities of platinum, 
why not look at the platinum content of 
continental sulphides, in addition to 
gold and silver? 


So what corrective measures do we 
take? Primarily, the ambiguity of the 
new Act must be resolved. Scientists 
and legislators should come together to 
propose distinctions between microbial 
entities and higher life forms on a legal 
perspective. The cost of patenting 
abroad is discouragingly exorbitant. 
Having gone for patent harmonization, 
would it not be logical to offer Indian 
scientists a levelled playing field to 
commercialize their inventions? Can we 
not make it possible for them to patent 
their inventions in India speedily so as 
to obtain a priority date to beat their 
competitors? It is not enough that we 
impel our scientists to patent. It remains 
with our planners to make the patenting 
environment conducive. We tend to 
make our laws not by anticipating trends 
but by following footsteps, even when 
they do not lead in our direction. It is 
time that our law makers took cogni¬ 
zance of Indian research capabilities in 
the biotechnology, pharmaceuticals and 
agrochemical sectors and legislate to 
favour them in the troubled years of 
international competition. We have been 
for far too long, as a nation, walking 
forward with our eyes over our shoul¬ 
ders! 

SURESH CHANDRAN 


National Institute of Immunology, 
Aruna Asaf Ali Marg, 

New Delhi I JO 067, India 


If good amounts of platinum are in¬ 
deed present in land deposits, it can 
change the scenario tremendously. One 
may also wish to have a fresh look at 
the platinum content of tailings from 
different sulphide deposits in the coun- 
try. 


1. Hekinian, R., Fevrier, M., Bischoff, .1. 
L., Picot, P. and Shanks, W. C., Science, 
1980, 207, 1433-1444. 
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The Academy document: A perceptive appraisal of science 
education in India 


This is in response to the article entitled 
'University education in Science’ pub¬ 
lished in Current Science (10 February 
1995), which emphasizes the need of an 
effective national policy on science 
education and research. The Academy 
paper is timely specially, because, of 
late, there has been considerable debate 
on the proposal made by a nonresident 
scientist, S. Mahajan, to set up a Na¬ 
tional Science University (NSU) in 
Delhi. The proposals included in the 
Academy document, unlike those in 
NSU, appear to be realistic, goal- 
oriented and remedial as regards at¬ 
tempts towards improving the overall 
status of science education and research 
in India. 

The second part of the report that 
documents Academy initiatives is laud¬ 
able and unique. The recommendations 
made under subheads such as ‘efforts by 
the Academy through the fellowship’, 
‘interaction with student and teacher 
communities’, ‘link with teaching de¬ 
partments and institutions’ and ‘contact 
with national bodies, agencies, etc.’, if 
implemented properly would indeed 
elevate the level of education in science. 
However, 1 am of the view that the 
panel while making recommendations 
has avoided important issues that may 
have a bearing on the successful imple¬ 
mentation of the Academy proposals. 

The panel which has prepared the 
draft is surprisingly silent on the issue 
of what the medium of instruction in 
science education should be. In some 
part of our country science teaching at 
undergraduate (UG) as well as at post¬ 
graduate (PG) level is conducted in the 
vernacular. For example, at PG level in 
biology, when a teacher starts talking 
about the pituitary gland in a classroom, 
one should not be surprised if he finds a 
couple of blank faces staring innocently 
expecting to know the meaning of the 
pituitary gland; or in a physiology class 
a student might gather enough courage 
to ask, ‘Sir, can you explain what do 
you mean by kidney?’. I am sure none 


of the Academy panelists has ever faced 
such a situation in a PG lecture room. 
Only a single line \.. production of 
science programmes using the electronic 
media, possibly also in regional lan¬ 
guages has been written in the form 
of a recommendation on this issue under 
the heading ‘Academy initiatives’. The 
students usually do not have the ability 
to comprehend science literature, which 
is mostly published in English and one 
can only imagine the situation when one 
of these students graduates and becomes 
a teacher. We must think of the ways 
and means to break out of this cycle, 
which is a major cause of deteriorating 
science education. It is, therefore, better 
if we do not talk about equity and excel¬ 
lence prior to formulating a concensus 
national policy on the medium of in¬ 
struction for science education. The 
English language has been widely ac¬ 
cepted all over the world as the lan¬ 
guage of science. Why should we not 
openly and boldly recommend English 
as the medium of instruction starting at 
least from the UG level throughout the 
country. This will definitely help ele¬ 
vate the level of science education and 
research in our country. 

The existing age-old examination 
system is absolutely poisonous for the 
growth of science. The way the theory 
and practical examinations are con¬ 
ducted is extremely dangerous. In fact, 
science students have become habitu¬ 
ated to go into orbit effortlessly. Objec¬ 
tivity in test procedures should be 
brought in and somehow the feeling of 
‘great’ about science subjects should be 
infixed into the minds of science teach¬ 
ers as well as students. Furthermore, it 
is well accepted that the absence ot ac¬ 
countability makes the examiners ex- 
tremly casual and callous while 
examining the answer books. A trans¬ 
parent examination system may be 
helpful in alleviating the distrust of the 
student community in the system. On 
demand, photocopies of the answer 
books may be provided to the students. 


This procedure would definitely induct 
accountability among the examiners and 
would make the examination system 
much more credible. 

In specific areas like biolpgy special 
problems exist. Students of biology get 
their M Sc/Ph D degrees mainly in sub¬ 
jects like botany, zoology, biochemistry, 
bioscience/life sciences. There are many 
more, such as microbiology, biotech¬ 
nology, physiology, genetics, environ¬ 
mental biology, etc. However, in some 
states step-motherly treatment is ac¬ 
corded to the students with Master’s 
degrees in Biosciences, Biochemistry, 
etc., by the concerned Public Service 
Commissions (PSCs) at the time of re¬ 
cruitment of lecturers for hundreds of 
colleges, where only botany and zool¬ 
ogy are taught. The University Grants 
Commission (UGC) favours introduc¬ 
tion of new courses, but never cares to 
protect the products. This cold war be¬ 
tween the UGC and the state PSCs has 
been continuously ruining future careers 
of hundreds of students every year. This 
type of discrimination may dampen the 
spirit of those science students who opt 
for new branches of biology, thereby 
rendering modern aspects of the subject 
less attractive. 

The Academy while constituting the 
panel should have co-opted some mem¬ 
bers from state universities, remote uni¬ 
versities, and colleges. I feel that the 
Academy panel itself is totally skewed 
and has 7 out of 11 members from Ban¬ 
galore alone. The technique of random 
sampling for the nomination of panel 
members may have been more fruitful in 
pinpointing the real problems faced by 
thousands of science teachers spread 
over the length and breadth of this vast 
country. 

Atanu Kumar Pati 

School of Life Sciences, 

Pt. Ravishankar Shukla University, 
Raipur 492 010, India 
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The Academy document: A teacher’s view 


It is heartening to learn that the Indian 
Academy of Sciences has prepared a 
Paper on ‘University Education in Sci¬ 
ence’. The paper outlines many steps 
which the Academy plans to take to 
improve the quality of science education 
in India. 

The Academy is, by its very nature, 
an elitist organization of those involved 
in research in various science areas in 
the country. Its Fellows are held in high 
esteem. But I am not aware if any one 
doing frontier work in the field of sci¬ 
ence education, per se, has been elected 
a Fellow of the Academy. In that con¬ 
text I feel doubtful if the sudden interest 
shown by the Academy in the field of 
education can be fruitful, unless they 
plan to take the universities and science 
teachers into confidence at the level of 
equals. 

Before independence, science showed 
a healthy growth both in teaching and 
research. This was primarily because the 
universities were the centres of attention 
in both. With the rapid growth of many 
specialized agencies for research in 
science, with large funding and rela¬ 
tively little external monitoring, the 
universities came to be neglected, and in 
successive stages they were emasculated 
both in manpower and funding. That is 
what brought the fall in standards in 
science education. If the Academy is 
unable to see this background and sug¬ 
gests a reversal of the process, no long- 
range improvement can be brought 
about. 

As matters stand today, every time an 
idea to improve something comes up, 
we tend to think in terms of creating a 
new island in the ocean of education. 
The interuniversity centres form one big 
example. The thought of advanced cen¬ 
tres and elite institutions stems from 
this line of thinking. The Planning 
Commission report which the Academy 
has extensively quoted, and to which the 
Academy Paper appears to subscribe by 
and large, is on the same line. The rea¬ 
son is simple: the Planning Commission 
could not identify ‘good enough’ teach¬ 
ers from the universities (just as the 
NCERT, for example, fails to find such 
people from the universities) for consul¬ 
tation, and the result is the report which 
the Academy Paper quotes in depth. 
Even as such proposals were afloat, the 
best of universities gave up under¬ 


graduate teaching (and the worst of 
colleges switched from ‘general’ to 
‘honours’ courses at B Sc level). In 
effect, the centres of excellence tended 
to treat undergraduate teaching as 
something below dignity. 

Limiting myself to physics, I find that 
the Academy Paper fails to make even a 
mention of the existence of the Indian 
Physical Society (IPS), Indian Physics 
Association (IPA), and Indian Associa¬ 
tion of Physics Teachers (lAPT) as or¬ 
ganizations with interest in the 
advancement of physics education. 
lAPT, in particular, has been publishing 
a monthly journal dedicated to physics 
education now for over 10 years, and 
yet, when the Academy Paper proposes 
publishing a new journal it does not 
even mention that one such journal ex¬ 
ists, and four journals initiated and 
funded by UGC for this very purpose 
are also in existence. 

The UGC itself has a Panel for each 
subject, like the Physics Panel presently 
under J. V. Narlikar. The Panels are 
supposed to do exactly what the Acad¬ 
emy is now planning to step in for. I 
wonder if the Academy ever thought of 
consulting or contacting any of the UGC 
Panels. As one example, for UG physics 
laboratory, the Physics Panel conducted 
a Workshop at Mangalore in 1994, 
which does not find any mention in the 
Academy Paper, although efforts by 
individual institutions are listed there. 
lAPT in 1992 had moved that a Work¬ 
shop to sort out a Model UG Lab in 
Physics be held to identify the most 
educative open-ended experiments, and 
it gave an initial list (to begin with) 
after a three-day seminar. The present 
Physics Panel of UGC has moved to set 
this into action, and then have it mul¬ 
tiplied at 10 places in India for year- 
round training/orientation of teachers. 
The Academy Paper does not show that 
its Panel members are aware of such a 
move. What they suggest shows utter 
ignorance of how educational laboratory 
items are developed. Having been in¬ 
volved with the work of Saraf for over 
three decades, I know it needs sustained 
and exclusive attention over many years 
to get somewhere. Just sitting across a 
writing table and producing a list of 100 
experiments amounts to nothing more 
than duplicating what the Boards of 
Studies at some 150 universities have 


been doing for the last 50 years; it could 
be worse if the persons involved are 
leading researchers and not teachers 
with a special eye. 

There is also reference to equity and 
excellence, whether it is to be and or 
versus. This is the reaction of those in 
the upper atmosphere, who are unable to 
see the ground situation in science edu¬ 
cation. Firstly, I see no point in dab¬ 
bling with a subject which is not my 
own, viz. social science and democracy. 
These have their own pressures and 
consequences. Our decision to improve 
the quality of science education must in 
no way be linked with what happens in 
the social field. Secondly, and more 
importantly, we must see that science 
education has three clear objectives: (a) 
preparing candidates to take up higher 
education and research in a chosen sci¬ 
ence field, (b) enabling them to take up 
various applied areas where science is 
to be of direct use, and (c) creating gen¬ 
eral enlightenment and enrichment of 
mind to be a better citizen of tomorrow. 
As a recent survey by lAPT has shown, 
not more than 10% of those who enter 
B Sc have objective (a). This is nothing 
to be surprised about. Most of those 
seeking professional courses have been 
sorted out, and those that remain enter 
B Sc largely for objective (c): enlight¬ 
enment and enrichment. 

Here comes the major distinction 
between how this analysis would be 
seen by Fellows of the Academy and by 
teachers. The former would have their 
eyes rivetted to only students of kind 
(a), while we, as teachers, have as much, 
if not more, eye on those whose objec¬ 
tives fall under (b) and (c). This brings 
me to what has happened in the past few 
years. At one time the UGC Physics 
Panel was exclusively manned by non¬ 
university personnel. The Curriculum 
Development Committee of the UGC 
was manned largely by university teach¬ 
ers, but their eyes were exclusively on 
kind (a) objective, partly because they 
had to create a syllabus that should look 
attractive to top physics people, which 
means research people, not mere teach¬ 
ers, like me. And with the passage of 
time, university after university went on 
revising its syllabus to make it look the 
most attractive in the same sense; worst, 
the distinction between a general and 
honours physics course was wiped out. 
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Typically, out of some 12 papers of the 
same trend, if 8 were taken it became 
'general’, and if 12 were taken it be¬ 
came 'honours’. The difference in the 
approach and spirit of the two, which is 
linked with the difference of objectives, 
got lost. The result has been that the 
general student is left high and dry, as 
also the teacher. 

Even worse happened at the higher 
secondary level. The NCERT, mistaking 
the best research workers to be also the 
best teachers and educationists, invited 
several top elite people to head commit¬ 
tees to write the syllabus and text mate¬ 
rials. I do not at all cast any doubt on 
their honesty in such selection. These 
eminent people accepted the responsi¬ 
bility, and I again do not have the least 
doubt that they did mean doing good 
service to the society in all honesty. 
They are all, in my opinion, men of 
great honour and competence in their 
respective fields. What went wrong was 
that they did not realize that education 
is a separate field of specialization, re¬ 
quiring different talents than only 
knowledge of science. Further, they 
were not prepared to give up their cur¬ 
rent research involvements, and they left 
most of the work for others to do. Yet 
worse was that once the manuscript was 
handed over by them, they did not have 
control on the get-up, drawings, conduct 
of examinations, etc. This cascading 
series has done very considerable dam¬ 
age to science education in India. One 


has only to compare with the effort of 
an agency like the Physical Sciences 
Study Committee in the USA to find 
how very poorly we have come forth in 
this effort. I mention this in depth be¬ 
cause the Academy appears to be enter¬ 
ing the same kind of role, in all honesty, 
of course, but without quite realizing 
that education is a different field from 
research. 

Let me repeat that I have the highest 
respect for the Fellows of the Academy 
for their contributions to research. I also 
have the confidence that the proposal 
they have come up with springs from 
the bottom of their heart. They really 
mean to help education in science. In 
that context, I have a few suggestions to 
make: 

(a) Let them not start a new journal in 
science, but send their articles and sug¬ 
gestions for improvement in science 
education to the existing journals. Their 
frequency can be increased; their vol¬ 
ume per issue can also be increased. In 
fact, even their format can be altered. I 
am sure the Editors of the current jour¬ 
nals will be only too happy to have 
many of the contributors on their Board 
of Editors. 

(b) Let them use the channels of the 
UGC subject Panels to initiate new 
ideas and proposals, rather than create a 
new power centre of their own. Let them 
also use subjectwise teachers’ organiza¬ 
tions as means of executing their pro¬ 


grammes. For physics, from lAPT, with 
over 3000 members spread uniformly all 
over India, and with its sustained work 
over 10 years, they can feel sure of all 
cooperation. 

(c) Let us discuss in depth why phys¬ 
ics is losing all interest and excitement 
as a subject to be learnt. In particular, 
the laboratory component needs to be 
examined in depth. (But it cannot be a 
casual matter.) 

(d) Let them involve leading teachers 
from the universities (as distinct from 
leading researchers only) in whatever 
they want to do for the advancement of 
science education. 

(e) Let the very idea of creating elite 
centres for elite students be shelved 
deep, and let us work for the uplift of 
the largest masses through dedicated 
teachers’ efforts. The processes of ex¬ 
amination, selection of candidates as 
also the institutions, and the selection of 
teachers, etc., are all fraught with great 
danger. They may lead to more fragmen¬ 
tation in the society, and particularly the 
teachers. 

I appreciate the initiative taken by the 
Academy. The purpose of this corre¬ 
spondence is to get the best out of such 
a powerful initiative. 

D. P. Khandelwal 

B-31, Koregaon Park, 

Pune 411 001, India 


OPINION 


The Indian Academy of Sciences document on science 
education in universities: A criticism 


V. Sitaramam 


I was dismayed when I read the action 
plan of the Academy for science educa¬ 
tion in Universities. It is necessary to 
assess what the Academy proposes vis- 
a-vis what its predecessors have done. 
The document rightly refers to the 
Kothari Commission, a large tract that 
bemoans the state of education even as 
it stipulates what needs to be done. The 


Academy document, more prosaic, more 
clinical and consequently less transpar¬ 
ent of its own shortcomings, has no 
insights. If it has, these are suppressed 
very successfully^ 

There are three players in the educa¬ 
tional scene: the teachers, the students 
and, most importantly, their homes. 
Each of these has undergone a sea 


change in the last few decades the world 
over. The document reflects neither 
their magnitude nor the implications. 
Most importantly, the document offers 
no justification as to why science edu¬ 
cation has to be given specific prefer¬ 
ence. It has some marginal statistics, as 
a matter of numbers. The reasons behind 
the numbers are anybody’s guess. If 
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students are not taking up science, what 
are the reasons? If they are taking up 
science and not doing well, what are the 
reasons? Instead of going into a factual 
analysis of what , is the situation, the 
document considers the simple-minded 
scenario: put in money where the stu¬ 
dents are good, the results are bound to 
improve. A number of instances are 
cited as patent successes such as the 
Maths Programme and the Biotechnol¬ 
ogy Programme. The document does not 
reflect any of the existential concerns 
that affect these so-called successful 
programmes. 

So the major concern is money. This 
country has developed two major argu¬ 
ments in defence of its failures: first that 
there is never enough money and the 
second that there is too much popula¬ 
tion. Education and science are no ex¬ 
ception. Good conscience for a scientist, 
for a Head, for a Vice Chancellor is to 
get money. Many of our mind-sets are 
based on expensive fallacies, which are 
more important to understand than what 
the Academy has to offer. Let me briefly 
outline these. 

Fallacy of money 

Give better wages to teachers and 
teaching improves. It did not. Easy re¬ 
search money also will not improve 
research. In an excellent evaluation of 
an Indian university in an anthropologi¬ 
cal study, Don Kurtz wrote of how ma¬ 
jority of the rural and a great deal of 
urban teachers are busy with parallel 
occupations so engrossing that their 
teaching is a mere avocation. The 
shocking thing about the university 
teacher is not that he attends to other 
jobs. A good many do not. Majority 
spend their time vacuously without any 
yardstick of achievement except routine 
teaching. Someone should do elapsed 
time analysis of a university teacher 
(this is more difficult to assess in Na¬ 
tional laboratories, where timings are 
adhered to but there is no rule that one 
should work!). This easy style of living 
is reflected in the low level of mainte¬ 
nance of buildings and rooms. 

It is a sad mistake*to imagine that one 
is complaining about all these. Actually 
it is a very comfortable situation. There 
is total lack of accountability. Good 
manners and departmental esprit de 
corps see to it that no one is challenged. 
Administration is usually very accom¬ 
modating. Each faculty member has 
enough reasons of committees of vari¬ 


ous kinds, politics, harassment and what 
not to prevent him from teaching or 
doing research^. 

Fallacy of perfectionism 

This is the major bug bear of Indian 
educational system. I think that it is 
time we realize that a great deal of Stan¬ 
dard teaching requires, plain donkey 
work. If it takes donkey work to teach at 
the lower levels en masse, then either 
we should be prepared to do donkey 
work for majority of the time or we 
should not be ashamed to appoint don¬ 
keys to do that. This is what work ethic 
is all about. Kothari wrote about the 
requirement for a university teacher. He 
wrote, in a sense correctly, that a one- 
hour lecture should require 3-4 hours 
worth of library and assignrhent work by 
the student. That is not easy! If I have to 
give 3 . thinking lecture, original in con¬ 
tent (as opposed to an information¬ 
laden lecture), based on what I know, 
without much preparation, I have at 
most about 5-8 lectures to give per 
year! Otherwise, I have to resort to ex¬ 
isting problems in books or reading 
assignments to make them work. 

If we consider science of today as 
perfect science, we already lost the bat¬ 
tle. We would teach science as a fin¬ 
ished polished perfect thing. It loses all 
the uncertainties, imperfections, grey¬ 
ness of the most exciting part of sci¬ 
ence, i.e. the developing science. The 
most damaging aspect of education is 
that most teachers take the finished as¬ 
pect of science as gospel truth and con¬ 
sider their job primarily one of giving 
information. Science cannot be taught 
without doing it. Alas, it also cannot be 
done without sharing it. This was why 
most argued that the universities should 
be the places for research, a mould we 
have thoroughly destroyed in this country. 

It is not that there are no problems. If 
we teach science as the grey imperfect 
thing that it is, we lose most of our 
audience. A sustained effort at teaching 
the method of science to M Sc Biotech¬ 
nology students over 5-6 years convinced 
me of the futility of it to get it revoked 
from the syllabus! It is not possible to 
teach something in isolation when it is not 
shared by bulk of other teachers. 

Fallacy of merit^ 

This country started IITs with the hope' 
that if we take the best and put them 


where they do better, everything will be 
alright. What have they done after IITs? 
If intelligent people need to be doing 
science, why is it that so few of our 
brethren in IITs have impressed these 
growing and glowing minds towards 
fashions and passions of science and 
research? Why do many opt for the 
Citibank? The students who get into 
IITs by grind do so under a number of 
compulsions, parental pressure being 
the most, peer pressure the next. An 
individual’s choice for a subject is dic¬ 
tated not by active interest but by the 
current mores and the order of merit. 
Merit does not seek personal involve¬ 
ment. What has recognition of merit led 
to? The evidence is clear that any rec¬ 
ognition leads only to easy life. So does 
lack of recognition, which blunts ambi¬ 
tion. What we fail to see is that by 
sequestering them into a privileged com¬ 
munity, we have raised their expectations 
without a provision for integration. 

Fallacy of preaching 

Most of us think that since we are doing 
science, what we are doing interests our 
students. There is also this law of dimin¬ 
ishing returns in science. If you have 
done science, if it is the best thing for 
you, so be it. If an area has rewarded 
you, it need not interest the discerning 
youngster. The student wishes to exam¬ 
ine his returns. Secondly, he wishes to 
know if you work (= succeed). 

Since most do not work by, them¬ 
selves in the absence of students and 
assistants, and many do not work re¬ 
gardless of students or assistants, the 
question of science in this country is 
limited to what can be done by way of 
Ph D programmes, which are primarily 
remote-control operations. We are talk¬ 
ing about a very inexperienced work 
force, whose life is limited to 4-5 years, 
of which 70-80% is lost at the forma¬ 
tive period and hardly 10-20% of the 
professional life goes into research. If 
we consider countries with much lesser 
number of people, they have achieved 
much more. The difference is not in 
overall numbers but in working num¬ 
bers. We have the least of the latter. These 
cannot enthuse the newer entries towards 
anything other than a retired life. 

Fallacy of rewards 

Any reward system that is not heavily 
backed by peer pressure is a disincen- 
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tive rather than incentive. Scientists 
would be no more than dictators of tin- 
pot republics displaying rows of medals 
that were not won in any battle and were 
largely self-endowed. Even then, the 
real danger is not in the awards but in 
the deliberate creation of pecking or¬ 
ders. Lack of authenticity, the main 
plague of Indian science, leads to many 
alternate means to develop science and 
education, all of which are doomed to 
fail and they have. The best of the In¬ 
dian institutions are imitative. In the 
absence of originality, and even more, 
authenticity, where does excellence 
come from? 

There is something about the past and 
present in the Indian scene of science 
and education that is worth pondering 
over. The key word is authenticity. I 
refer first to the Kothari Commission 
and then to the psychology of the mod¬ 
ern student. 


Fallacy of degradation 

One discovers corruption and degrada¬ 
tion as part of the middle-age crisis. Is 
our science deteriorating? Or is the 
middle-age science deteriorating"^! I 
would strongly recommend a reading of 
Cicero to anyone who talks of contem¬ 
porariness of corruption and degrada¬ 
tion. 

When we are younger, we do see that 
things are not going too well. Being 
younger and optimistic, we let things be 
and get busy with whatever we can do. 
We soon run out of time. The crisis of 
middle age is when we are running out 
of new things to do and running even 
more out of the time available to us to 
find new things to do. A clear case of 
burnt out options! When we find that 
time is finally getting the better of us, 
the illusions fast disappear and we de¬ 
spair of the things that would never be. 
How well does the government recog¬ 
nize science? How about a new NRI 
university? We forget that we represent 
a constituency and a trade union and we 
forget that we have vested interests and 
we also conveniently forget that we 
have larger responsibilities. Relevant 
work in this country is shunned since it 
involves commitment. Why do we 
blame our politicians for monopolizing 
the public interest? Do we share any? It 
is possible to live with all these imper¬ 
fections among ourselves. But the in¬ 
stant we arrogate ourselves to the 
keepers of conscience, we certainly have 


gone into a severe level of delusion. 
Too many of us sit on too many commit¬ 
tees too often as yesmen. We not only 
achieve little but also allow things to 
slide far. Kothari was deeply worried 
about this docileness, this lack of com¬ 
prehension of larger scheme of things, 
this apathy and cynicism and the lack of 
ability to challenge the purpose. 

Kothari’s forgotten plea 

The conceptualization of a modern In¬ 
dian university in the Western mould 
was literally a thought in the wilderness. 

It was stated that universities control 
colleges that are not even in the same 
province. It was contrasted with Oxford 
and Cambridge and the British thought 
that one day these problems would dis¬ 
appear when colleges do not depend on 
remote control by distant universities. 

The UGC came into being and a lot of 
universities followed. All of it was in¬ 
evitable and did not worry Kothari. One 
thing worried him most. It was the inde¬ 
pendence of thought. He was deeply 
concerned about the fearlessness of the 
Indian teacher. In fact, this is among the 
few personalized and important topics 
that he devoted most attention to. 

Obviously, what Kothari was worried 
most about was the lack of individuality 
in the teaching community in this coun¬ 
try, because that is what he wrote about. 
He eloquently asked for it since this is 
what we did not, do not and will not 
have. We actually confess this gently all 
the time. When we say that we have 
failed to develop adequate peer review 
structure in the country, do we not mean 
that we have become mercenaries, with 
no love except for our own gains? We at 
least admit our lack of honesty of pur¬ 
pose. 

I take it that sycophancy was what 
worried Kothari most. The British loved 
it. The colonial India had its ethical 
roots in Rudyard Kipling and syco- 
phancy^ Independent thought was pos¬ 
sible. Fearlessness was most definitely 
not^ 


Kothari’s errors 

The Kothari report wielded considerable 
influence. We had MPhil degrees as a 
further stepping stone between Masters 
and PhD. There was this pervading 
mind-set that, in order to do something 
new and original, it requires proper 


preparation and that this preparation can 
be imparted by the wise and holy. It is 
now common knowledge that even a 
Masters degree is a waste of time if the 
B Sc is okay. The way to learn to swim 
is to start swimming and not prepare 
lecture notes on swimming. So also in 
research. What do we find about 
M Phils? These are either clocking time 
to go abroad or get married or indeci¬ 
sively waiting for better opportunities 
like MBA or IAS. The right approach to 
research is to get going and hot to pre¬ 
pare for it. 

The second error of Kothari was in 
that he romantically believed that pro¬ 
duction of some high-powered, expen¬ 
sive structures for education for the 
meritorious would enhance the capa¬ 
bilities and the nation would benefit. 
Yes and no. This class of problems has 
at best a percolative effect. This con¬ 
tributed more to the baseline than to the 
top performers. Nation building requires 
a lot of chores that may not have much 
market value. For instance, who would 
go to regional colleges to teach? When 
the USA stopped the preferential import 
of engineers, a lot of them stayed back 
and now we have some Ph D’s teaching 
in colleges, which was never the case. 
Other than a marginal percolation, have 
these edifices contribuled significantly 
(considering the money poured in) to 
the growth^? The error is not in asking 
for merit-oriented establishments of 
high cost and fidelity in performance. 
The error is in assuming that such 
structures would be possible in a time- 
lasting manner and that the results 
would be independent of the social cir¬ 
cumstances and market forces. The kids 
who study there come from families and 
families have aspirations. The question 
is, do they match? 

The major problem lies in the roman¬ 
tic notion of merit. Merit yields results 
(for the individual) and results lead to 
power. The shortcut is that let merit be 
assumed and not won. We have only 
tenured positions. Who cares whether a 
qualified person does not work or an 
unqualified person does not work. The 
end result is the same. Universities have 
offered us exactly this. This heady brew 
of nonperformance. There is no aca¬ 
demic audit in any university. What is 
in question is not merit but the attitude 
to the Job at hand. Merit does not ensure 
that and, therefore, it is not a sufficient 
condition for performance. We have not 
evolved a sysl:em that ensures merit as 
well as attitude. 
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The market force logic 

When we were young (I grew up in a 
University Campus), everyone told us 
that it would be good to take up a pro¬ 
fessional course since jobs are easier to 
get and assured income is what life is all 
about. While that may well be, the aca¬ 
demics were also seen to be doing 
things on their own and appeared to be 
equally comfortable. While emphasizing 
the material things, there was a simulta¬ 
neous de-emphasizing of their primacy 
in life, we have not heard in schools and 
colleges anything other than that educa¬ 
tion is everything and everything else is 
of less worth. A mind-set that persisted 
by frequent repetition. The market force 
was always there*. Only, it was not put 
on a pedestal like now. The best always 
exploited the best of the market since 
they are both savvy and have highly 
developed manipulative skills (as any 
teacher would know). By de¬ 
emphasizing the market forces, the sec¬ 
ond best, though with higher motiva¬ 
tion, got into education and related 
areas, including government jobs. Now 
the industry, which is still considered 
second-rate in the country, is picking up 
these people vigorously. So enrolment 
in science will plummet further since 
new markets are opening up for them. 
How many are taking language and 
philosophy? Do we need any lesser 
brains in these areas, however few may 
be required? 

What do we do today? In biotechnol¬ 
ogy, we are supposed to encourage stu¬ 
dents to go to industry. Since we speak 
of industry, the students ask whether 
they can have the cake and eat it too. 
Can they finish the Ph D while working 
for an industry and so on. Amazingly, 
few students think beyond the self¬ 
reference that they owe something to the 
industry that is going to pay for their 
upkeep. The Indian student is brought 
up in such a sheltered manner that no 
one told him that there are no free 
lunches in the free market economy. 
Little emperors! 

Whatever we do for Indian science, 
elitist attitude will destroy performance. 
It takes away opportunities from those 
who need it most and fritter it away on 
those who have the least commitment, 
statistically speaking. Science and 
knowledge are based on performance. 
Merit is based on promise. These are 
not the same thing. Power is based on 
actualization by simply being there i.e. 
where it counts. Merit and performance 


are routes to power. Neither individu¬ 
ally nor both together are sufficient 
conditions for acquiring power. 
Amongst the proxy routes is what we 
call nepotism, a word we reserve for the 
individual. When a group is involved, 
we call it social action and equal oppor¬ 
tunities employment. There is no point 
in getting our hackles raised. All these 
explicity recognize that being there is 
what matters in society and, therefore, 
in the absence of critical performance 
criteria, everybody will insist on equal 
opportunity to get there. 

Teachers, the romantic 
diehards 

Pune University has an interesting ex¬ 
perience, since it housed till recently 
zoology and biotechnology in the same 
department, the former by local merit 
and the latter by national selection. As 
an insider, I tried to evaluate what moti¬ 
vates the teachers the most. The bio¬ 
technology students represent, on an 
average, a more cosmopolitan cross- 
section and perform better. However, 
one needs to listen to the teachers about 
their attitudes to these students. The 
university teachers, unlike the guest 
lecturers from national laboratories, 
react differently. First of all they com¬ 
plain often that these students are less 
sincere and more arrogant. When the 
same complaint comes too often from 
even the better teachers, one worries. 
What I saw was an amazingly simple 
matter in academic psychology. The 
faculty claim that while a lot of teaching 
is drudgery, the tedium is made up by 
the few students who perform very well. 
The usual university students tend to be 
of uniformly lower level, barring these 
occasional performers, and their moti¬ 
vation also tends to be uniform. In this 
low-average class of performance, the 
occasional good student could bring 
tears to the eyes. Of course, it is not as 
simple as that. Actually many of them 
are exceptionally nice kids, often very 
sweet and most polite. They are quite 
diffident and yet when handled gently 
can be motivated to a higher level than 
one would consider it possible. On the 
other hand, the biotech students are, on 
an average, better in their intelligence, 
with less of an excuse for goofing, 
which makes the teachers mad. More 
than 50% of them have no interest in 
what they do once the novelty of Pune 
life wears off. Thus, we see better per¬ 


formers with a higher level of variance 
in their motivation and performance 
among the biotechs. It is definitely more 
painful to see a better student being a 
nonperformer than a lesser student. 
Since such a possibility arises more in 
biotechnology than in zoology, the atti¬ 
tudes of the teachers too have shown 
variable level of weathering towards 
these students. Better students breed 
cynicism faster in teachers than lesser 
students. The culprit is the variance in 
attitudes at constant capability! This 
was confirmed by some IIT faculty as 
well in personal discussions. 

We have occasional departments in 
the universities with considerably better 
cross-section of teachers, at least on an 
average. The student inputs are no bet¬ 
ter. However, the teachers generally do 
not innovate in teaching simply because 
this is a bother. That is what worried 
Kothari. This oppressive (conventional) 
wisdom that aborts action even before it 
is contemplated! 

The psychology of 
nonperformers 

In the final analysis we need to contend 
with nonperformers. Lack of intelli¬ 
gence does not correlate well with non¬ 
performers any more than intelligence 
assures performance. The key factor is 
the attitude. What drives people to non¬ 
performance? Are they made or are they 
bred? 

We cry a lot about changing values 
and loss of traditional modes of living 
for all the wrong reasons. In the larger 
joint families, the average attention on a 
single child is negligible. There are so 
many. Largely the children look after 
themselves with marginal contact with 
adults. What happens now? With the 
increase in nuclear families, the child 
(we two and ours two!) now has two 
pairs of grandparents and one set of 
parents who dote on the single or the 
well-spaced two children. The parents, 
both working, come home with a heavy 
guilt feeling that they are neglecting the 
children. This view is heavily reinforced 
by the ageing grandparents, whose jus¬ 
tification for hanging around is that they 
are needed to fortify (or disable?) the 
minds of the younger with their notions 
(when we were younger, we rarely 
spoke to the elders and, fortunately, 
they spoke to us even more rarely) since 
the parents are neglecting the children. 
The guilt complexes lead to overindul- 


92 


CURRENT SCIENCE, VOL. 69, NO. 2, 25 JULY 1995 


OPINION 


gence of the children. Thus, little em¬ 
peror^ are born. Once born and bred, 
they stay! China is reeling under the 
impact of these little emperors. I have 
interviewed a large number of students 
now. I have no doubt that we have our 
own growing numbers of little emper¬ 
ors. 

We have been devoid of performance 
in this country for a long time. There 
must be deep-seated reasons here for 
this. Individual excuses or else a social 
reason like population or caste cannot 
be made responsible for it. We need to 
consider it a matter of highest priority 
as to what makes our youngsters untick. 
We need to determine the behavioural 
strategies we adopt with great care as 
parents, teachers, grandparents, or 
what have you, that rob the children of 
their initiative. There are many things 
that we do not know about our young¬ 
sters. Most of all we do not know how 
much of insecurity is critical and un¬ 
damaging to the youngsters to ensure 
their performance. We need to consider 
even their social mores, driving force 
for smoking to harder habit like drugs, 
AIDS etc. Unfortunately, there are few 
meaningful studies on a cross-section of 
people that represent tomorrow. 

What we require is a professional 
psychological survey aimed at the per¬ 
formers and the nonperformers. In spite 
of the fact that I believe that I have seen 
a reasonably large sample of semi- 
performers (as in biotechnology as well 
as in HTs and so on), I feel it is very 
prudent to have some assessment of 
what is going on. We need thumb nail 
sketches of what the parents think. We 
need to know what made the students 
opt for what they did. Above all, we 
have to examine why the Indian science 
student has delayed social puberty. I 
have seen several students react to their 
first time out-of-home atmosphere as if 
there is no tomorrow for catching up 
with all the lost time. We have social 
dimensions and problems of a large kind 
that determine the behaviour of the 
youngsters. 

This is where the notion of perfec¬ 
tionism hurts. Science is perhaps the 
only avenue in academic life in which a 
mediocre person can do well. Arts and 
humanities are brutal. To do well you 
have to be very good indeed. Instead of 
emphasizing performance that we 
should, we emphasize promise. There is 
no other way to understand the Acad¬ 
emy document. Performance requires 
motivation and motivation is in the 


realm of psychology, an aspect of hu¬ 
man beings that the Academy was deaf- 
eningly silent about. 

The approach of the Academy is not 
without blinkers. First we have those 
who take up science because they have 
not been pushed enough to get into 
competitive exams. Then we worry 
about their future since we find the op¬ 
tions diminishing. A lot of ideas get 
generated: NRI universities, new initia¬ 
tives for science and so on. In all this 
we ensure the basic attitude that spend¬ 
ing money is good enough. 

The action programme by the 
Academy: How justified is the 
fund allocation? 
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The Academy followed up the recom¬ 
mendations of the Planning Commission 
and suggested spending some 25 crores 
on the gifted, 60 crores on the less 
gifted and another 30 crores on the rest. 
At the face value, it looks reasonable. 
Have another look and you would be 
horrified (Figure 1). The numbers look 
alright grossly. The Academy is suggest¬ 
ing spending some Rs. 15,000 per capita 
on some 700 students of the tier I per 
year, some Rs. 1000 per capita on some 
25,000 students of the tier II and some 
Rs. 100 per capita on some 1,23,000 
students-the rest. These being 1989 
figures, an upward revision of some 
5-8-fold would be in order. I have no 
doubt that there is no ill will and the 
recommendations were made with the 
best of intentions. But then, good inten¬ 
tions are what they are. Where do they 
lead us? On the one hand, we are talking 
about 60 crores (tier II) of the same 
level of incomplete education, while we 
are offering 30 crores of placebo as a 
political gimmick to concentrate 25 
crores on the (?) desirables. We are 
talking about, with a straight face, creat¬ 
ing a yet another group of not-so-Iittle 
emperors who will also become self- 
seeking snobs. They would also be al¬ 
ienated and subservient to all that is 
Western, with a goal no more than to 
dwell on a postdoctoral fellowship 
abroad. For a few more dollars! Yes, 
Kothari had a justification then. The 
performance outcome of higher citadels 
of learning towards science education, 
or even education in general, was not 
understood then. The age of innocence 
may be forgiven. Yet we are talking 
about reinforcing majority of these 
‘failures’ (the Academy was also clear 


that these were rejects of an earlier se¬ 
lection process) with a system of educa¬ 
tion so far removed from their own 
brethren and for which they have done 
mighty little to earn. 

When they graduate, their expecta¬ 
tions will be very high. We have been 
fighting a losing battle with the biotech 
students and their attitudes, of levity 
and lack of sense of proportion. We 
created an artificial market. It was not 
bad, insofar as the pressure was kept 
high on them and they were made to 
work, such that even routine practicals 
ran past midnight. When relaxation has 
set in due to inadequate induction of 
new faculty, and the change in attitudes 
with time, we find that even their CSIR- 
UGC scores have begun to dip. What 
the Department of Biotechnology has 
done is losing an excellent initiative, 
and not help setting the norms. Uni¬ 
versities have their own momentum for 
the inevitable downward slide and 
oblivion for any programme. 


What should the Academy do? 

The intelligentsia in this country can 
achieve more for this country, if they 
display greater humility. If not, we have 
these recurring and persistent images of 
Don Quixotes running at wind mills. 

I think that the Academy should con¬ 
tinue to promote debate and help pro¬ 
voke people. It certainly provoked me 
into writing this, possibly much against 
better judgement. It should have definite 
and tangible goals that help ideas and 
proposals for school education, videos, 
etc. It should also learn from the 
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existing experience in media manage¬ 
ment. It is time we analyse and tell the 
UGC how poor many programmes on 
the countrywide classroom are. The 
Academy should primarily help moti¬ 
vate any and all programmes that are 
based on individual initiative. 

Above all, the Academy should stop 
worrying about excellent science and 
start worrying about existing science 
and the existing practitioners. Existing 
problems are there only because the 
available solutions do not work. A re¬ 
current problem often requires a drastic 
change in the mind-set. The Academy 
also should stop worrying about NSUs. 
We have built many edifices. There will 
be more. If we are more worried only 
about losing the piece of cake, we will 
have no moral justification for the stand 
we take. Is all the UGC money going to 
teaching departments and to equip them 
better? Have major chunks gone else¬ 
where? 

Is there a definitive, prospective 
course of action urgently required? Yes, 
I believe that it is time we get the edu¬ 
cational system examined by profes¬ 
sionals, including sociologists and 
psychologists. What we need most is 
painstaking definition of standards in all 
that we do and the minimum that we can 
tolerate. It is the minimum and only the 
minimum that we need to define. The 
government will not help here since it 
caters to a different constituency. Only 
we can help ourselves. Above all, it 
should also help develop standards for 
rating performances at all levels. Armed 
with appropriate surveys and relevant 
analyses, such an effort may bring out 
some clarity on where to focus our ef¬ 
forts for maximum results. Another area 
is to begin a serious exercise in cost- 
benefit analysis and a realistic appraisal 
of minimum funding for all universities 
for given courses. The newly started 
National Assessment and Accreditation 
Council has aspirations and plans in this 


direction, which would require consid¬ 
erable help from the academic com¬ 
munity. 

Centralization of education was in¬ 
herent to the Academy’s idea of picking 
a few as the best students in science. It 
has its evils and is even nontangible due 
to the displacements involved. A larger 
goal may be to take higher education 
out of concurrent list, if we have to 
survive the competition following lib¬ 
eralization, since we simply have to do 
better. In any event, the solutions run 
deeper than realized in the Academy 
document. It is time we shed the proven 
unsuccessful paths and exercise the 
same quality of vision that we envisage 
for the future students. 


Notes 

1. Peter Medawar in his Advice to a Young 
Scientist remarked that there have been two 
preceding instances wherein an advice to the 
younger was attempted. One is Pol on i us’ 
advice to his son in Hamlet\ that gives the 
basics of noninvolvement. . . ‘neither a 
borrower nor a lender be’. A later effort was 
Lord Chesterfield’s advice to his son, which, 
aptly summarized, taught his son the behav¬ 
iour of a courtier and the morals of a whore. 
In attempting to advice the younger, it was 
necessary for Medawar to steer clear of the 
shortcomings of his illustrious predecessors. 
So he came up with a book that tells you 
how to excel in science if you are already 
born with a silver spoon in your mouth! 

2. The Academy wrote of conveying the 
excitement of science to young minds. Pooh! 
In a class of 100 students or more, teaching 
the same topic for over 25 years, what ex¬ 
citement does one convey and to whom? 
Even if one starts well, how long will he 
sustain? 

3. i am profoundly suspicious of the “A” 
man. He can say back what you want to hear 
in an examination, and’ ... ‘you must give 
him his “A” if he says it back; but the ability 
not to say the willingness to give you back 
what is expected of him argues a certain 
shallowness and superficiality. Your ‘ B” 


man may be muddle-headed but muddle- 
headedness is a condition precedent to* inde¬ 
pendent thought... ’ A.N. Whitehead, The 
Dialogues. 

4. Or is that since Fellows of Academy 
come into being in their middle age, there is 
a coincidence in the way things are per¬ 
ceived to be wrong? 

5. Ramanujan was the ultimate example of 
colonial legacy. The moral of Ramanujan is 
not that Indian genius exists. The moral is 
that the only salvation for the Indian scien¬ 
tist is International science, where he will 
have a better and fairer chance than in the 
Indian scene. 

6. This is a tradition that is not lost to this 
date. Rotation of headship (of a department) 
does not matter. Having spent nearly a dec¬ 
ade in a university, I realize that it is merely 
of rotation of one to whom obsequiousness 
must be tendered to. A well-practised ploy to 
a countryman to whom polytheism is deeply 
enshrined in the heart. 

7. It is time someone does a, cost-benefit 
analysis of educational structures the same 
way as we have done for dams. Taken the 
overall scenario, the cost-benefit analysis 
showed that development is not without cost. 
The cost-benefit analysis should take into 
account the cost of diverting money and 
personnel from the educational system and 
the effects on the dilution that ensued. 

8. ‘I do not believe that the modern parent 
of any class is more mercenary than his 
predecessors. When classics was the road to 
advancement, classics was the popular sub¬ 
ject for study. Opportunity has now shifted 
its location, and classics is in danger. Was it 
not Aristotle who said that a good income 
was a desirable adjunct to an intellectual 
life? I wonder how Aristotle as a parent 
would have struck a headmaster of our great 
public schools. From my slight knowledge of 
Aristotle, I suspect that there would have 
been an argument, and that Aristotle would 
have got the best of it’ A. N. Whitehead, in 
The Aims of Education. 


V. Sitaramam is in the Department of 
Biotechnology, University of Poona, 
Pune 411 007, India. 


SCIENTIFIC CORRESPONDENCE 


Development of cultured tomato anther to a fruit-like structure accompanied 
by in vitro ripening 


With a view to regenerate haploid plants 
of tomato, anthers carrying microspores 
at uninucleate stage (buds of 8-10 mm) 


from glasshouse-grown plants of cv, 
Arka Saurabh were cultured in vitro. 
The medium comprised Murashige and 


Skoog^ inorganic and organic constitu¬ 
ents, 3% sucrose and 0.25% gelrite (pH 
5.8). Factorial combinations of kinetin 
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Figure 1. Figure showing pseudofruit at 7 months from culturing of anther (a), a half ovary, 
two months from culturing (A) and a normal fruit two weeks from pollination in field (c) 
(Bar = 1 cm). 


(0.05, 0.5, 5.0, 10.0 or 20 |iM) with 
equimolar or higher concentrations of 
2,4-dichlorophenoxy acetic acid (2,4-D) 
or indole 3-acetic acid (30 combina¬ 
tions) were used. A total of 32 anthers 
were cultured per treatment, half of 
which were incubated under continuous 
darkness and the other half under 16 h 
photoperiod (20-30 |imol m"^ s“^) at 
26 ± 1°C. A limited proportion (30.8%) 
of anthers showed swelling, of which 
some exhibited callusing in 3-4 weeks 
irrespective of the hormonal constitu¬ 
tion or incubating environment. Such 
anthers were transferred to a fresh me¬ 
dium of the same composition at 6 
weeks. One swollen anther on medium 
containing 5 pM kinetin and 10 pM 2,4- 
D and incubated under 16 h photoperiod 
swelled up in another 6-8 weeks resem¬ 
bling a small half tomato fruit. Three 
lobes were there on the upper side and 
the bottom was flat with reminiscence of 
calyx-like structure at one end. The 
pseudofruit on subculturing to fresh 
medium showed further enlargement 
(about 20 mm long and 10 mm thick), 
after which the growth ceased. The rip¬ 
ening process began by 6 months from 
initial culturing and was a slow process. 
The top lobe turned fully red while the 
side ones remained yellow/orange. 

In order to verify if the structure re¬ 
sulted from accidental culture of an 
ovary, a number (200) of split ovaries 
were cultured on the medium with the 
same composition. None of these deve¬ 
loped to a fruit or a similar structure. 
Instead, they went into callusing. The 
pseudofruit was different from normal 
fruits. While the former was lobed, the 


normal fruits from field-grown plants 
were smooth. 

Cross-section of the half-ripe 
pseudofruit showed no placenta or 
ovule. The inside was full with firm 
tissue. On the other hand, the normal 
fruits had ovules attached to placenta 
embedded in a mucilaginous matrix 
which was not connected to the outer 
wall/pericarp (Figure 1). Histologically, 
the pseudofruit comprised of closely 
packed parenchymatous cells. The divi¬ 
sion between lobes was marked with 
still closely packed cells. The cultured 
ovaries on the other hand showed a 
thick mass of tissue in the centre with 
no distinct cells at the same (x 10) 
magnification. The outer callus exhi¬ 
bited loosely packed parenchymatous 
cells. The observations confirmed that 
the pseudofruit had originated from a 
cultured anther, with the anther lobes 
forming the fruit lobes, which is not a 
typical characteristic of the variety in 
question. Subsequently, a large number 
(over 1000) of anthers were cultured 
under similar conditions, but none 
showed a similar response, suggesting 
that this could be a rare phenomenon. 

Gresshoff and Doy^ observed the 
development of haploid callus cells in 
tomato to seedless pseudofruits. The 
present observation is different in that 
one tomato anther developed into a 
fruit-like structure. Homeosis, i.e. the 
expression of one type of organ in the 
site of another one^, has been reported 
in several instances in nature and in 
isolated cases under in vitro conditions. 
They often appear as mutants'^’^. 
Homeotic transformations could also be 


induced by environmental factors or by 
interplay of phytohormones. Fisher^ 
observed transformation of stamen to 
ovaries and of ovaries to inflorescence 
in wheat under short day conditions. 
Rylski^ transformed stamen of capsicum 
flower buds to carpels (with ovary, style 
and stigma) through treatment with gib- 
berellic acid. Stamen and stigma-like 
structures, functioning like original 
units, were induced from receptacle 
tissue of tobacco in vitro in the presence 
of kinetin^®. The present observation is 
different from these in that the in vitro 
cultured anther developed to a seedless 
pseudofruit just in external appearance 
and in ripening. No carpels or ovules 
were present. Such teratological speci¬ 
mens can be useful in interpreting path¬ 
ways of development. Attempts to 
reproduce the results were not effective 
as the specific inducing factor was not 
exactly understood. 
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Genotoxicity of ‘gudakhu’, a tobacco preparation used 
in Orissa 


‘Gudakhu’ is a paste-like tobacco prepa¬ 
ration the ingredients of which, besides 
tobacco (10%), are molasses (35%), 
lime (7%), red soil (a particular type of 
reddish soil available locally, 28%) and 
water (20%). During use it is rubbed 
over teeth with a finger tip. Its use is 
highly prevalent in Orissa and neigh¬ 
bouring states; in Orissa every third 
person is addicted to it. Persons are 
known using gudakhu for 40 years or 
more, and as many as 20 times a day. 

Experimental and epidemiological 
studies have conclusively proven car¬ 
cinogenic, mutagenic and clastogenic 
potential of tobacco and tobacco prod- 
ucts^"^ Recently, a significant increase 
in the incidence of micronuclei has been 
recorded in exfoliated cells of buccal 
mucosa of habitual users of gudakhu^. 
Acetone extract of gudakhu (AEG) has 
also been proven to be genotoxic by us 
in mouse bone marrow system using 
chromosome aberration, micronucleus 
and sister chromatid exchange assays^. 
In view of the widespread and chronic 
use of gudakhu, it is worthwhile to 
study its genotoxic effect following 
repeated treatment. Bone marrow is a 
proliferative tissue and hence fails to 
provide correct information regarding 
genotoxic efficacy of an agent following 
chronic exposure. Chromosomal dam¬ 
ages recorded in bone marrow cells at a 
particular sampling time following 
chronic exposure constitute the damages 
caused during the cell cycle prior to 
harvest, not the cumulative damages for 
the entire period of exposure. Some¬ 
times an agent may go undetected in 
bone marrow cytogenetic assay follow¬ 
ing single treatment, particularly if it 
has low effect. Analysis of micronuclei 


(MN) in peripheral RBCs of mice, how¬ 
ever, provides a very simple and impor¬ 
tant assay for evaluation of genotoxic 
efficiency of an agent following chronic 
exposure^"^®. The present study deals 
with the evaluation of genotoxic effect 
of AEG in mice following repeated 
treatment for different periods using the 
micronucleus test (MNT) in peripheral 
erythrocytes. 

Seven albino Swiss mice (4 males and 
3 females) aged 10-12 weeks were em¬ 
ployed. Gudakhu of ‘Samaleswari’ 
brand was purchased from the local 
market. Details of the extraction proce¬ 
dure have bee^ presented elsewhere^. In 
brief, gudakhu of known weight was 
homogenized in a mortar and pestle 
with acetone, extract was filtered and 
the filtrate evaporated to dryness 
through vacuum desiccation. A freshly 
prepared dry pellet of known weight of 
gudakhu extract was suspended in an 
appropriate amount of distilled water 
and the suspension fed to mice by gav- 
age. Animals were fed with a dose of 
300 mg/kg (the highest dose tested in 
our earlier work^ and having no visual 
abnormal effect on behaviour of the 
animals) of the dry extract once daily 
for 4 weeks. Blood was collected from 
the tail vein of each animal, without 
killing it, at the end of each week during 
the course of treatment and also on day 
0 just before starting the treatment, and 
smear was drawn on grease-free slides. 
Blood collected on day 0 served as control 
sample. Thus, the same animals provided 
blood samples for control as well as for 
different test weeks of the treated series. 
Air-dried smear was fixed in absolute 
methanol for 15 min and stained next day 
in Giemsa diluted (1:10) with buffer 



(pH 6.8) for 10-15 min. Erythrocytes 
(both polychromatic and normochro- 
matic) were examined for the presence 
of MN and the frequency of micronu- 
cleated erythrocytes (MNRBCs) was 
determined. For each sampling point 
35,000 erythrocytes were scored from 7 
animals (5000 from each). 

Micronuclei were invariably round in 
shape and were of varied size groups 
(Figure 1). Never was an erythrocyte 
found to contain more than one MN. 
The frequency of MN increased signifi¬ 
cantly, compared to the control value, in 
all the test weeks. For weeks 3 and 4 the 
values were about 3 times the control 
value. Further, the increase showed a 
good positive correlation with the time 
course of chronic treatment (Figure 2). 

The results clearly reveal positive 
genotoxic effect of AEG and support 
our earlier findings^’^. MN are induced 
by clastogenic effect or spindle dys¬ 
function. The former generally results in 
induction of single micronucleus while 
the latter in multiple micronuclei. As in 
the present study, no case of multiple 
MN was encountered; the MN are sup¬ 
posed to have resulted from the clasto¬ 
genic effect of AEG, and this finding is 
in accordance with our earlier one^. 
Elevated incidence of micronucleated 
polychromatic erythrocytes (MNPCEs) 
was also noted in peripheral blood of 



Weeks of Treatment 


Figure 2. Linear regression curve showing 
the relation between the number of weeks of 
chronic treatment with gudakhu extract and 
the incidence of micronucleated peripheral 
erythrocytes (r = + 0.965, p< 0.001, 
a = 0.154, b = 1.00). 
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new-born mice the mother of which had 
been exposed to tobacco smoke daily 
for I h during the last 6 days of preg¬ 
nancy'Recently, equal incidences of 
micronucleated peripheral reticulocytes 
(MNRETs) and bone marrow MNPCEs 
in mice treated with mitomycin C have 
been reported, though the induction of 
MNRETs was delayed by about 12 h 
compared to bone marrow MNPCEs'^. 

In some strains of mice, unlike in 
most of the mammals, including hu¬ 
mans, MNRBCs are not removed by the 
spleen; they remain in circula- 
tion^’'^’'^’'"'. As a result, MNRBCs get 
accumulated in their circulation. The 
RBCs of mice survive in the peripheral 
circulation for about 4 weeks'^ Hence, 
repeated treatment is expected to exhibit 
gradual increase of the incidence of 
MNRBCs up to 4 weeks. Positive and 
significant correlation between the inci¬ 
dence of MNRBCs and the time course 
of chronic treatment obtained in the 
present study can be explained from 
such a behaviour of RBCs in this strain 
of mice. 

Our results prove the uniqueness of 
this simple system^’which is helpful 
in monitoring even weak clastogens 
following chronic exposure. Further, in 
this assay the same animals can provide 
blood samples, as in the present study, 
for control as well as treatment data for 
various periods. However, both poly¬ 
chromatic and normochromatic erythro¬ 
cytes need to be considered. 


Conclusion 

Genotoxic effect of acetone extract of 
‘gudakhu’, a paste-like tobacco prepa¬ 
ration, has been evaluated using the 
micronucleus test in peripheral erythro¬ 
cytes of mice following chronic expo¬ 
sure. A dose of 300 mg/kg of the dry 
extract in aqueous suspension was fed 
to mice once daily for 4 weeks. Micro- 
nucleated erythrocytes (MNRBCs) were 
scored from smears of tail vein blood 
collected just before beginning the 
treatment course and at the end of each 
week. The frequency of MNRBCs in¬ 
creased significantly in all the test 
weeks and showed a good positive cor¬ 
relation with the time course of treat¬ 
ment. The result has been discussed 
in the light of the fact that MNRBCs 
are not screened out by the spleen in 
mice, and this assay proved to be very 
important, particularly after chronic 
exposure. 
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Azolla sp. from the Early Cretaceous of Cauvery basin, 
South India 


A new record of Azolla sp. based on 
megaspores and massulae from the Late 
Albian (Early Creataceous) of the Pon¬ 
dicherry area in South India is pre¬ 
sented in this study. The massulae are 
with characteristically circinate and 
septate glochidia. This is the oldest rec¬ 
ord of Azolla known to date. 

During a palynological study of the 
Early Cretaceous carbonaceous shales 
from a depth of 32.4 m in bore hole 
BH/23, drilled by a private party for 
ground water, 1.3 km west of Kattaram- 
bakkam village in Pondicherry area in 


South India, the authors have come 
across a number of well-preserved mas¬ 
sulae of Azolla, a water fern, along with 
varied spore and pollen taxa. One of the 
paiynoslides also shows fortuitously a 
fairly large megaspore with a thick mat 
of hairy (tomentose) perine in which are 
seen entangled five massulae (Figure 
1 a). All these massulae are character¬ 
ized by circinate glochidia. Similar mas¬ 
sulae have not been recorded to date 
from any horizon in India. 

The following are the details of this 
new find of Azolla sp.: (i) megaspores 


about 500 pm in diameter, extremely 
thick-walled, wall up to 30 pm thick; 
stratification not clear as the specimen 
is dark, dense and more or less opaque; 
(ii) outer layer of megaspore wall repre¬ 
senting perine well developed and made 
up of thick felt of delicate hairs 
(tomentose) (Figure 1 a-c); (iii) number 
and nature of floats could not be deci¬ 
phered; (iv) massulae attached to peris- 
poral hairs of megaspore, oval to 
elliptical or irregular in shape, 85- 
214 pm in longest dimension, 54- 
125 pm in shortest dimension; (v) 
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faSnTalded fyTnm'rf surrounded by massulae (xlOO). *, c. Part of a megaspore (enlarged) showing perisporal hairs with massu 

largeS fxfio).^ gloehidia and a microspore (x400). ej. Smaller massulL (x300). GrochiSla eu 
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surface alveolar and foamy, (vi) 
glochidia many, 7-10 \im broad at base, 
42-60 |im long, filamentous, mostly 
circinate at apex, usually with one gyre, 
occasionally with only a partial gyre, 
distinctly septate (Figure 1 d-g); (vii) 
basal part of glochidion often robust; 
(viii) microspores 1-3 per massula; 32- 
50 pm in diameter (few up to 60 pm), 
thick-walled, psilate to locally granular. 

The spore and pollen complex recov¬ 
ered from the samples which contained 
Azolla remains is represented by the 
following significant taxa: Lycopodium- 
sporites aiistroclavatidites, Ceratopteris 
eqiialis, Dictyosporites speciosa, 
Crybelosporites stylosus, Cicatricosis- 
porites austr aliens is ^ Plicifera sp., 
Coronatispora perforata, Contignis- 
porites glebulentus sp., Appendicis- 
porites tricornitatus, A. distocarinatus, 
Schizosporis reticulatus, Triporoletes 
reticulatus, T. radiatus (common), 7>/- 
colpites (few species), etc. 

This assemblage is strikingly similar 
to the palynoflora of the Late Albian 


deposits of the Cauvery basin^ The age 
of the Azolla-hQ^xmg deposits under 
study is, therefore, assigned to Late 
Albian (Early Cretaceous). Hitherto the 
oldest records of Azolla (A. circinata, A. 
montana and A. geneseana) were from 
the Maestrichtian (Late Cretaceous) of 
Montana”, USA, and Alberta^ Canada. 
Though resembling the present speci¬ 
mens of Azolla in the possession of cir¬ 
cinate glochidia, the American A. 
Circinata is distinguishable in its non- 
septate and much shorter glochidia. The 
present record of Azolla thus constitutes 
the oldest and the massulae-bearing 
circinate and septate glochidia probably 
represent the primeval condition. A 
detailed study involving the nomencla¬ 
ture and evolutionary aspects of the 
new record of Azolla sp. is in progress. 
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Angioarchitecture of the glomerulus of a swamp catfish, 
Chaca chaca (Ham.) (Chacidae, Siluriformes) 


Glomerular vascular architecture of a 
freshwater swamp catfish, Chaca chaca 
(Ham.) was investigated using corrosion 
vascular resin replica, a novel method to 
study angioarchitecture of an organ at 
capillary level. Each afferent glomerular 
arteriole (AGA) ramifies to form tortu¬ 
ous capillaries of almost round 
glomerulus. The tortuous glomerular 
capillaries converge to form efferent 
glomerular arteriole (EGA) of almost 
similar dimension. 

The past light and ultrastructure 
studies have revealed fenestrated 
glomerular endothelium^ the nature of 
podocytes^ and the variation in the 
thickness of glomerular capillary in 
freshwater and marine teleosts^ How¬ 
ever, little is known on the microvascu¬ 
lature of the glomerulus of the 
teleostean species'^. Paucity of informa¬ 
tion on glomerular* vasculature forms 
the basis of the present communication 
on the angioarchitecture of the 
glomerulus of a swamp catfish, Chaca 
chaca. 


Chaca chaca is a curious-looking 
catfish inhabiting the swamps of north¬ 
ern Bihar (India) infested with 
macrovegetation and decaying organic 
matters. This fish is well adapted to 
such hypoxic swamps. Live specimens 
of C. chaca were collected with the help 
of local fishermen from the swamps near 
Purnia (Northern Bihar, India) and 
transported to and maintained in the 
glass aquaria (40 1) of the department. 

The fish (65 g) w^as anaesthetized in 
MS 222 (ethyl-m-aminobenzoate). The 
fish was carefully operated and its 
ventral aorta was cannulated via the 
exposed bulbus aorta. The entire vascu¬ 
lature was flushed with heparinized 
phosphate-buffered Ringers solution. 
Methyl methacrylate (Mercox) was in¬ 
fused at 25-30 mmHg pressure until the 
resin polymerized into plastic'\ The 
mercox-perfused fish was immersed in 
warm (50°C) water for about 1 h to en¬ 
sure complete polymerization. The fish 
was treated with 20% NaOH, distilled 


water and HNO 3 to obtain tissue-free 
vascular replica. A part of renal vascular 
replica was processed and examined 
under P SEM-500 at RSIC, Bose Insti¬ 
tute, Calcutta. 

From the corrosion vascular replica it 
is evident that the renal arteries of the 
two sides of kidney originate alternately 
from the dorsal aorta at an interval of 
about 0.93 mm. The renal artery runs 
away from the dorsal aorta transversely 
for about 233 pm and then turns at right 
angle, runs for about 700 pm to give 
rise to the glomerular artery (Figure 1). 
The glomerular artery connects the tor¬ 
tuous glomerular capillaries through 
AGA. The tortuous capillaries are per¬ 
haps associated with lowering the ve¬ 
locity of the blood flowing through the 
glomerulus for its effective renal func¬ 
tioning. In narrow capillaries (diameter 
about 7 pm) red cells flow in their cen¬ 
tre in a single file. Such a flow pattern 
is designated as axial train type. In 
wider capillaries (diameter about 
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^*§^**^ 1* ^5 Corrosion vascular replica oi a part ol renal tissue showing dorsal aorta (DA), glomeruli (arrow), glomerular artery (arrowhead), 
and renal artery (RA), bar = 700 pm. A, Magnified view of above showing afferent and efferent glomerular arterioles (AGA, EGA), arterio¬ 
venous anastomoses (bent arrow), glomeruli (GL) and vein (V), bar = 50 pm. 


11 pm) red cells flow in a multiple file. 
This type is referred to as shearing core 
type. When the capillary diameter varies 
between 8 and 10 pm, both types of 
flow patterns can occur^. Narrow capil¬ 
laries (diameter 7.08 ± 1.2 pm) and the 
dimension of the short axis of red cells 
(5.6 pm) suggest^ single axial file of 
erythrocytes flowing with peripheral 
plasma layer in the glomerular capillar¬ 
ies of Chaca. Like carp {Cyprinus car- 
pio) and unlike marine fish^ the AGA 
and EGA are of similar dimensions to 
ensure comparatively higher filtration 
rates at lower pressures in the glomeru¬ 
lus. To the contrary, wider AGA ^-and 
narrow EGA of marine fish are associ¬ 
ated with low filtration rates at higher 


pressures^. The EGA ramifies into arte¬ 
riovenous anastomoses before its blood 
is drained into the renal vein. 
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Location and magnitude of the 1833 Nepal 
earthquake and its relation to the rupture zones of 
contiguous great Himalayan earthquakes 


Roger Bilham 


Accounts of an earthquake on 26 August 1833 which was felt over a large part of northern India 
have been interpreted by some authors to represent a great Himalayan thrust event beneath West¬ 
ern Nepal However, details of the event in the Indian press of 1833 and scientific journals of that 
time suggest that the epicentre of the earthquake was near Kathmandu, within or close to the in¬ 
ferred rupture zone of the 1934 Bihar earthquake. Estimates of the moment magnitude based on 
reported intensities indicate that the earthquake was of 7.5 < M < 7.9, and as such may have 
done little to release the elastic strain accumulating in the region of the Central Himalayan 
Seismic Gap, contrary to the expectation of some authors. The location of the epicentre was 
probably N or NE of Kathmandu, adjoining or overlapping the rupture area of the great 1934 
Bihar/Nepal earthquake. The moment magnitudes of great Himalayan earthquakes in 1897, 1905, 
1934 and 1950, and of smaller recent events, are compared using recently published empirical 
relations between isoseismal areas and moment magnitude. When due allowance is made for deficien¬ 
cies infield data, reasonable fits are obtained for all events except for the 1905 Kangra earthquake. 
The intensity VIII area for this event is anomalously small for an M >8 earthquake associated with 
several meters of slip. It is proposed that the Kangra earthquake may have been a slow earthquake. 


Approximately half of the Himalayan arc has rup¬ 
tured in four great earthquakes in the past 100 years 
(Figure 1). The largest region between the rupture zones 
of these recent events is a 500-800 km segment of the 
Himalaya between the 1905 Kangra and the 1934 Bihar 
earthquakes, approximately between the longitudes of 
Kathmandu and Delhi. Of importance in estimating the 
present slip potential of this segment, termed the Cen¬ 
tral Gap by Khattri and Tyagi\ is the existence and se¬ 
verity of great historic earthquakes that may have 
ruptured all or part of the gap. A severe earthquake oc¬ 
curred in Nepal in 1255 when ‘innumerable towns were 
utterly destroyed and thousands of their inhabitants 
killed’^ but the regional extent of this event is unknown. 
Other large pre-XX century earthquakes in Nepal (1408, 
1681, 1810, 1833 and 1866) are mentioned by Chitrakar 
and Pandey^ but none appear to have been as damaging 
as the 13th century event, causing concern that consid¬ 
erable elastic strain may be available presently to drive 
one or several M> 8 earthquakes in the Central Gap. 

An alternative mechanism to absorb slip between 
Tibet and India is to invoke the possibility of aseismic 
slip (slow earthquakes or creep) over at least a part of 
the region. Levelling data and recent GPS measurements 

Roger Bilham is at CIRES and the Dept, of Geol. Sci., University of 
Colorado, Boulder CO, 80309-0216, USA. 


between India and central Nepal"*”^ suggest that creep 
processes that might otherwise release Indo-Asian con¬ 
vergence aseismically have been insignificant in the past 
few years. If similar creep rates (2.5 ± 2.5 mm/yr) exist 
elsewhere along the arc throughout the seismic cycle, 
they are evidently inadequate to accommodate com¬ 
pletely the slip budget between India and southern Ti¬ 
bet, although they may delay rupture^. The possibility 
that some Himalayan earthquakes may be slow events, 
with large slip but little radiated high-frequency seismic 
energy, cannot be excluded^’^. Such events would not 
appear in the historical record as great earthquakes al¬ 
though they could, in principle, release the elastic strain 
associated with one. 

Earthquakes in 1803, 1833 and 1866 appear to have 
occurred at least partly within the Central Gap^^ and the 
largest of these in terms of felt area is believed to be the 
1833 event. Reports of the 1833 earthquake are found in 
newspapers starting the day after the earthquake, and 
these and other data are collated in three issues of the 
Journal of the Asiatic Society of Bengal in the months 
following the earthquake by Prinsep^^ and Campbell^’^^, 
and by Baird-Smith^^’^"^ in two articles a decade later. 
Summarises of these summaries are found subsequently 
in various catalogues and comparative studiesThe 
compilation by Dunbar et al}^ lists the event as severe 
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Figure 1. Approximate Modified Mercalli Intensity VIII zones for 4 great earthquakes in the Himalaya since 1833 and settle¬ 
ments reporting information concerning the 1833 shock (white dots). A great earthquake may not have occurred in the 800 km 
segment of the Himalaya between the 1905 Kangra and 1934 Bihar earthquakes (Central Gap) for 650 years. 


and records its location as 25.1°N and 85.3°E, near 
Patna, south of the River Ganges, at the southern limit 
of intense shaking described in 1833 reports. A location 
west of Kathmandu is favoured by some authors^^, who 
suggest tentatively that it may have occurred in the 
Central Himalayan Gap. Kh^ttri and Tyagi^ place the 
earthquake approximately 130 km west of the Bihar 
1934 epicentre on the edges of the Central Gap and as¬ 
sign the event M= 7.6, a location and magnitude consis¬ 
tent with the findings of the present study. One purpose 
of this article is to estimate more precisely the location 
and magnitude of the 1833 Nepal earthquake using 
authentic accounts found in newspapers and scientific 
articles published soon after its occurrence. A second 
purpose of the article is to reconcile the intensity data 
from the 1833 earthquake with the felt reports of four 
great Himalayan earthquakes and other earthquakes that 
have occurred since then. 

The 1833 earthquake 

Just before midnight on 26 August 1833 (23:35 Calcutta 
time), a 1 million km^ region of northern India, Nepal 
and Tibet was shaken by a strong earthquake which trig¬ 
gered landslides and rockfalls, destroyed more than 
4600 dwellings and many temples, but apparently re¬ 
sulted in fewer than 500 fatalities. It is certain that the 
loss of life would have been far more severe had not the 
main shock been preceded by two large foreshocks 5 h 
and 15 min before the main shock that drove people 
outdoors in alarm. In some villages in northern Nepal 
and southern Tibet, 30% or more houses were destroyed. 
Damage in India was less severe with fewer than 10 re¬ 
ported fatalities and few buildings totally destroyed. 

102 


The main shock was felt from Delhi to Chittagong 
(Figure 1). It was not felt in Lhasa, nor are there reports 
of the shock further SSW than Jabalpur. Intensities were 
high in the mountainous region near and north of Kath¬ 
mandu, and reduced rapidly to the south and more 
slowly to the east and west. Intensities remain high at 
the northern limit of high-intensity observations in 
southern Tibet. Accounts of damage where shaking was 
most intense suggest a similar intensity distribution to 
that observed during the Bihar 1934 earthquake with the 
principal exception that accounts of liquefaction fea¬ 
tures in 1833 are rare. Passes to Tibet were blocked by 
landslides, and the Kamla River was dammed by a 
landslide that burst 4 days after the event flooding the 
village of Baldeah near the India/Nepal border (Bengal 
Hurkaru, 16 September 1833). 

Isoseismal coverage and accuracy 

The fidelity with which the Indian newspapers reported 
the effects of the 1833 earthquake can be gauged by the 
faithful reprinting of articles printed in one by another. 
More than a dozen newspapers and weekly and monthly 
journals were published in Calcutta (The Reformer, Cal¬ 
cutta, 3, 141, Oct. 27, 1833) although not all of them 
reported the news of the event, and a few are no longer 
available. Newspapers in Delhi, Bombay, Meerut and 
Madras also contain accounts of the earthquake. In the 
52 accounts in the Appendix, 97 towns and villages are 
mentioned. Most of these reports can be assigned Modi¬ 
fied Mercalli Intensities V-IX with reasonable certainty. 
Few ‘barely felf reports are available and fewer ‘not 
felf reports (e.g. Nazirabad, Xigatse and Lhasa), and 
the general sparcity of intensity IV or smaller observa¬ 
tions prevents reliable estimates of those areas that ex- 
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perienced the earthquake weakly. The absence of details 
of construction methods of the houses destroyed, or of 
those surviving, means that intensity estimates are not as 
reliable as those for the 1934 earthquake^^, and although 
it is likely that construction practices changed little be¬ 
tween the two earthquakes, it is certain that urban 
dwelling units and civic buildings were less numerous in 
1833. This may influence comparisons between the 1833 
and 1934 earthquakes because for both the earthquakes 
several damage reports are from urban regions near 
factories or administrative centres. The Gangetic Plain 
except for the Kingdom of Oudh, south of western 
Nepal, was under British colonial rule in 1833 (ref 23). 
However, reports from Oudh are available despite a 
significant cholera epidemic in Lucknow and Allahabad. 
With perhaps the single exception of data from Monghyr 
(Monger) most of the reports contributed to the Indian 
newspapers are in the form of personal accounts of the 
earthquake with no statistical descriptions of urban 
damage. Few fatalities are reported: three during the 
main shock at Chapra and one during an aftershock in 
Bhagalpur. In some accounts additional fatalities are 
implied although it is probable that the low loss of life 
was real, and is attributable to the second foreshock that 
evidently drew people into the safety of the open air 
fewer than 15 min before the mainshock. 

In contrast to the anonymous accounts in the Indian 
newspapers, Archibald Campbell, an assistant surgeon 
to the British Residency in Kathmandu, in three contri¬ 
butions to the Asiatic Society of BengaP’^^’^^ compiled 
unofficial numerical damage and casualty data from the 
Kathmandu Valley, from travellers returning along the 
Kodari route from southern Tibet (passing through 
Dulka, the northern Nepalese border district of Do- 
lakha), and from the official delegation returning from 
Lhasa through southern Tibet. He also mentions damage 
to forts along the southern trading route from India 
(Hetauda, Chisapani). Although he also obtained infor¬ 
mation from western and east-central Nepal, his sources 
of information from these regions are not cited and data 
from these regions may be less reliable. Thus, unlike 
data from N and NE Nepal, which mention specific 
towns and villages, his information from western Nepal 
refers to regional administrative areas: 'At Gorkha (75 
km E of Kathmandu), only two houses were destroyed; 
at Palpa (180 km E of Kathmandu) none; and at Doti 
(540 km E of Kathmandu in easternmost Nepal), on the 
borders of Kumaon, the shock was felt, but by no means 
severely,’ Although this westward decay in intensity 
over several hundred km is unsupported by details, it is 
consistent with the decay in intensity documented inde¬ 
pendently in northern India. For example, Baird-Smith^^ 
reports that ‘it was scarcely felt at all’ at Lohughat 
(=Lohu Ghar, 29°23'N, 80°05'E, 18 km from the E. 
Nepal border). Campbell^’also emphasizes that the 
shock was not felt in Lhasa nor Xigatse, contrary to 


Mallet^^ and Dunn et al}^, who repeat early speculation 
by Prinsep'^ In a following issue, Prinsep, as editor of 
the Asiatic Society journal, corrected his erroneous 
guess that Lhasa was close to the epicentre^’^^ but not 
until it had been repeated in Calcutta newspapers^"^. 

In general terms, information concerning the 1833 
earthquake in northern India is restricted to British 
trading posts, and information from Nepal and Tibet 
appears to be restricted to the Kathmandu Valley and to 
villages on merchant routes from Kathmandu to Tibet 
and to India (Figure 3 and Tables 1 and 2). 

Location names 

Place names in India are readily matched with current 
locations for all but three 1833 listed localities: Tirhoot, 
Mullye (Mallai of Prinsep^^) and Baldeah. The first of 
these corresponds to the district of Tirhoot south of 
Nepal named after the town of that name, now Muzaf- 
farpur (District Map of India, 1840, 64 mi = 1"); how¬ 
ever, it is not clear that the three damage reports from 
Tirhoot came from Muzaffarpur or from villages be¬ 
tween Muzaffarpur and the Nepal border (Motihari, 
Sitamarhi, Darbhanga, etc.). Despite the absence of 
specific locations, the high-intensity shaking reported 
from Tirhoot unquestionably identifies a region in the 
southern Terai of Nepal or northern plains of India. 

Mullye has eluded identification with either a district 
or town, and in this case the absence of a precise match 
is regrettable because from this region comes one of the 
two comparisons of the 1833 event with the 1803 
Kumaun earthquake (the other account from a resident 
in Calcutta recalling the occurrence of a severe earth¬ 
quake during the siege of Aligarh (27°55'N, 78°10'E) 
soon after the start of the second Anglo/Maratta war). 
The approximate location of Mullye is revealed by the 
fact that Calcutta news reports from Mullye took 9~11 
days between mailing and publication. An additional 
clue is that a summary of the effects of the event south 
of 26°N from a correspondent in Agra omits mention of 
Mullye, suggesting that it lies to the north of 26°N. 
Mallet'^ who in 1851 discusses the 1833 earthquake as 
the 1834 Nepal earthquake places ‘Mallai?’ on a travel 
time map of India {ibid., Plate XVII) at approximately 
22.9°N, 91.2°E (Maijdi); yet the inferred intensities are 
too high, and the reported sun-clock times of the main 
shock too early, for this location. He corrects the date to 
1833 in his report^^ of 1854. A graph of news travel 
times to Calcutta (Figure 2) shows that an eastward lo¬ 
cation for Mullye could correspond to the Vedic district 
of Malla, approximately between Gorackpur and 
Chapra, but this term is unlikely to have been in com¬ 
mon use in the 19th century. Of towns and trading cen¬ 
tres in the region, Mullye is considered a possible 
abbreviation for Malihabad or Malloon^^ near Lucknow, 
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Manjhi (25M0'N, 84°30'E) near Chapra, or Murliganj 
(25°42'N, 86'^59'E) near Purnia. Malihabad is evidently 
too far from Calcutta for normal 9 day news delivery, 
requiring travel times exceeding 120km/day. Although 
the remaining suggested locations are at the correct 
range for news delays of 9-11 days, the phonetic re¬ 
semblances are poor. In the absence of certain identifi¬ 
cation the three intensity V reports from Mullye are 
omitted from the isoseismal map. 

It has not been possible to identify the precise loca¬ 
tion of Baldeah on the Kamla River, where a flash flood 
followed the breaching of a temporary lake dammed by 
an earthquake-triggered landslide. From the description 
(Appendix) it is likely that this was near the Nepal bor¬ 
der, perhaps at Batia 27°15’N, 86°08'E. 



Figure 2. Delay between mailing a letter and its arrival in Calcutta 
assuming that publication occurs the day following its arrival. The 
three vertical lines indicate the possible locations for Mullye: 
A = Murliganj; B = Manjhi; C = Malihabad or Malloon. The Vedic 
district of Malla lies between B and C. Distances are geodesic. The 
most remote point on the graph from Calcutta is Delhi. 


Place names with phonetic similarity and geographic 
proximity to the indicated regions have been identified for 
most of the villages in the Kathmandu Valley, and where 
these are questionable they have been identified in Table 1. 
Although relatively few locations outside the Kathmandu 
Valley are mentioned by Campbell, they are important in 
identifying shaking intensity to the north and east. 

CampbelPs latitude for Tingri (28°N) is approxi¬ 
mately » 60 km too far south, suggesting that he did not 
have good maps of southern Tibet. Rennelfs 1782 Map 
of India (Figure 3), showing Tingri at 29.3'^N, was 
known to be in error to the British Residency in Kath¬ 
mandu in 1801 but new maps prepared by Crawford in 
1803 of the route to Dugurcheh (Xigatze) were very 
incomplete^^. Rennell’s map is of interest because it 
shows Nesty, Dunna, Kansa, Chuska, Kut or Kutf, and 
Mescingzhung in sequence northward toward Tingri, 
over the mountain pass between Nepal and Tibet near 
the present border village of Kodari. The spacing of 
villages suggests that each interval represents a day’s 
march. Nesty appears to correspond to Nisti, and the old 
fort at Dugunna Garhi may correspond to Dunna. Kansa 
is the village of Dram (Khasi in Tibet), 5 km NE and 
400 m above Kodari, corresponding to Kassa mentioned 
by Campbell^^ without explicit damage reports. Chuska 
of Rennell’s map may correspond to Choksum (28.07°E, 
86.00®N) or Kan Sing Chok^’*^. The location of Kuti 
mentioned several times by Campbell is the Tibetan 
name for Nyalam (D. Bresheares, personal communica¬ 
tion 1994). At least two of the five villages mentioned 
as on the ‘Bhote or eastern pass to Tibet’ (Nan Sing 
Chock, Kuti, Kassa, Mundun Pahar and Listigaon) ap¬ 
pear to correspond to villages in a 20 km NS region of 
intense shaking that includes the present border village 
of Kodari, and it appears possible that information from 
a region within a quarter of a degree of 27°N, 28°E was 
conveyed by travellers returning from Tingri to Kath¬ 
mandu along this trading route. 

^90-^^ 




/~XTingri 

V Gyirong 

^Kuti Tibet 


(Nyalam) 

-Kassa 

\ Sipa^A 

Kodari*^ X 
Nepal 

/ Kathmandu 

82° 

l.27° 

86 

1 


Figure 3. Villages between Kathmandu and Tingri through the Kuti Pass (Rennell’s 1782 Map of India). Figure on the right 
shows the true coordinate locations for Kathmandu, Tingri, Gyirong, inferred locations for Kassa, Sipa, Kuti, and merchant 
routes to India and Tibet. 
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Rennell’s map also shows the village of Sipa 
(Campbell’s village of Shipa, 32 km E of Kathmandu) 
on the Kofs (Kosi) River between Sanku (Sankhu, 
27°45', 85°280 and Ciopra (?Chautara). Sipa probably 
corresponds to Sipata or Sipatinghare (27°45', 85°39') 
on the Indrawatty tributary of the Sun Kosi, which lies 
on the trekking trail to Kodari north of the current 
Kathmandu-Kodari road. The village of Nagarkot 
(meaning Snake Hill) on Rennell’s map between Ciopra 
and Nesty does not correspond to the geodetic observa¬ 
tory of that name on the eastern hills overlooking the 
Kathmandu valley. 

The location of places in Campbell’s account^ are of 
particular importance in tracing the felt area to the north 
and east of Kathmandu. Digarchi is the present Shigatse 
or Xigatze (29°17', 88°54') and Tingri (28°30', 86°300 
retains its old name. However, Campbell indicates that 
from Tingri a 8-10 day march due west brought the 
Nepal/Beijing returning delegation to the village of 
Kirung. Kyirong or Gyirong (28°33', 85° 16', Shiron on 
Rennell’s map) is 180 km W along the road from Tingri, 
and although the pass south of Kyirong enters Nepal by 
the Bhote Kosi, which means ‘Tibet sacred river’, it is 
only one of several rivers of that name crossing the bor¬ 
der, including one through the Kuti pass into'Kodari. It 
is for this reason that Campbell may have been misled 
into entering in parenthesis that the delegation came 
through ‘the eastern pass of the valley into Bhote’. The 
Kyirong route they followed would more appropriately 
be called the northern pass to Tibet. 

Isoseismal map for 1833 

Descriptions from the original reports were assigned 
values on the Modified Mercalli Intensity scale (Tables 
I and 2 and Appendix). Where several reports from the 
same village exist, the intensity data in most cases agree, 
adding confidence to the observations. Moreover, 
although the intensity data for the 1833 event are some¬ 
what uneven in coverage, they yield relatively smooth 
spatial variations in intensity (Figure 4). The intensity 
data may be interpreted as smooth curves that approxi¬ 
mately encircle the appropriate intensity data, or more 
complex figures that adhere rigorously to mapped in¬ 
tensities. Figure 4 shows a series of smooth ellipses that 
approximate the observations. The resulting isoseismals 
are prejudiced by a preference for simplistic geometry; 
yet, though a number of alternative curves could be 
constructed, they would have the unavoidable character¬ 
istic of indicating maximum intensities in east-central 
Nepal, close to the 1934 epicentral region. A more real¬ 
istic set of isoseismal curves is considered unwarranted 
given the distribution of intensity data. As an example 
of the complexity denied by adopting elliptic isoseis¬ 
mals, the intensity observations from the 1833 earth¬ 


quake are superimposed on a map of the observed and 
inferred isoseismals for the 1934 Bihar earthquake. Few 
of the 1833 intensity data are found outside the corre¬ 
sponding 1934 isoseismals, suggesting that similar 
complexity in local isoseismal geometry may have pre¬ 
vailed in the two events, enforced by basin response 
characteristics. 

An approximate estimate for the felt area of the 1833 
earthquake (dashed on Figure 4) is found in Oldham’s 
memoir on the 1897 earthquake^^. Oldham does not in¬ 
dicate his sources although it is likely that the data came 
from his father’s chronology of Indian earthquakes^^ and 
that the contour shown is meant to represent the area 
within which the earthquake was perceptible (i.e. Mer¬ 
calli intensity II). This 0.21 x 10^ km^ felt area includes 
Chittagong to the southeast (editorial footnote by Prin- 
sep*^ ‘Mr. Walters informs me that it was also felt in 
Chittagong’), but omits information from Delhi and 
other western points, and from Jabalpur to the SW. The 
use of a smooth ellipse to embrace these western points 
increases the felt area to approximately 1.2 x 10^ km^. 
Uncertainty in this estimate is caused largely by the 
sparcity of data to the SW, E and N. Although the ellip¬ 
tical aspect ratio of the intensity > VI isoseismals is fa¬ 
voured by the specific absence of felt shaking in Lhasa 
and Xigatse and by the shape of intensity VII isoseis¬ 
mals, the absence of reports from central India in theory 
permits the felt radius to increase substantially to the 
SW. Thus, the estimated areas for intensity < V are as¬ 
sumed to err on the low side and estimates for earth¬ 
quake magnitude presented below are given both for 
elliptical and circular isoseismals. Intensity I-III 
isoseismals are omitted from Figure 4 as no data are 
available. The largest ellipse drawn for the 1833 earth¬ 
quake in Figure 4 corresponds to Mercalli Intensity IV, 
which is presumed to be significantly smaller than the 
area of felt perceptibility. Reports from locations speci¬ 
fying that the earthquake was not felt are absent except 
for the NE, and from remote locations such as Bombay 
and Madras. 

Uncertainties in isoseismal area in Table 3 correspond 
to maximum and minimum estimates for areas contained 
within the smooth symmetrical contours selected to fit 
the observations in Figure 4. Although these are appar¬ 
ently uncertain to ±1% based on the mapped isoseismal 
reports, this figure does not account for errors in esti¬ 
mating the Mercalli Intensity from the eyewitness ac¬ 
counts reported in the Appendix. Variations in building 
toughness and subjective interpretation of damage may 
result in errors perhaps an order of magnitude larger. 
Moreover, from the 1934 (ref. 19) and 1988 (ref. 26) 
Bihar/Nepal events it is clear that isoseismal contours in 
the region are typically more complex. 

The congruence between the 1833 and the 1934 in¬ 
tensity data is interesting in that in the few locations 
where isoseismic intensities disagree they differ by not 
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Figure 4. Intensity reports for the 1833 Nepal earthquake with smooth elliptical isoseismals. In the enlarged view of the epicentral region 
(inset above) the 1833 intensities are superimposed on isoseismals VII-IX for the Bihar 1934 earthquake (modified from Dunn et by in¬ 
corporating the data discussed by Pandey and Molnar^’. On both occasions high-intensity shaking occurred in the same geographic settings 
although the 1934 isoseismals appear displaced approximately 100 km to the east. A possible 1833 epicentral location and moment magnitude 
is indicated. 
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Table 1. Summary of damage in Nepal and Tibet’'*414 fatalities, 172 injuries and 4040 destroyed buildings are estimated in the 

Kathmandu valley with additional fatalities and damage in villages to N and E 


Named location 

Modern equivalent 

MM 

intensity 

E. decimal 
longitude 

N. decimal 
latitude 

Houses 

destroyed 

Notes 

Baghmati 

Bungamati 

9 

85.30 

27.62 

80 

30% destroyed 

Bali 

? 

9 



3 


Baneppa 

Banepa 

9 

85.53 

27.62 

20 


Bara gaon 

Baregau 

9 

85.36 

27.6 

35 


Bar eh 

Bore 

9 

85.38 

27.68 

20 


Bhat Gaon 

Baktipur 

10 

85.43 

27.65 

2000 

75% buildings 







(max 4700 destroyed and >6 temples) 

British Residency 

Kathmandu 

8 

85.33 

27.72 

1 


Burba Nil Kanth 

Burhanikanth 

8 

85.36 

27.77 

2 


Changu Narayan 

Cangunarayan 

8 

85.87 

27.69 

2 


Changu 

Icangu 

9 

85.27 

27.72 

20 

Old temple destroyed 

Chapaly 

Capali 

9 

85.36 

27.76 

7 


Chappa gaon 

Capagau 

9 

85.32 

27.6 

35 


Chisapani 

Chisapani 

8 

85.17 

27.53 

0 

Damage to walls of fort 

Chitlong 

Chitlong 

9 

85.18 

27.67 

14 


Deo Patan 

Deupatan 

8 

85.32 

27.75 

30 

Paspatnath temple undamaged 

Dharmpur 

Dharmapur 

9 

85.34 

27.74 

20 


Dharmtuli 

Dharamtali 

8 

85.3 

27.76 

2 


Dhulaka 

Dolacka 

8 

86.1 

27.7 



Digarchi 

Xigatse 

3 

88.9 

29.29 

0 

Not felt 

Doti 

Doti 

5 

80.9 

29.3 

0 


Dukele 

Dhulikhel 

9 

85.58 

27.62 

21 


Buny Byass hills 

?Jumbesi 

9 



40 


Gorkka 

Gorkha 

8 

84.60 

28 

2 


Gou Karan 

Gokarna 

9 

85.73 

27.73 

8 


Hal Chok 

Dahacok? 

9 

85.27 

27.72 

3 


Handi gaon 

Harrigau 

9 



20 


Harra Sidhi 

Harisiddhi 

9 

85.35 

27.62 

20 


Hukin gaon 

9 

9 



1 


Kan Sing Choke 

?Choksum 

9 

86 

28.07 


5 days of foreshocks 

Kassa 

Dram, Khasa 

9 

85.95 

28 



Kathmandu 

Kathmandu 

9 

85.33 

27.72 

400 

Extensive damage 

Kirtipur on ridge 

Kirtipur 

8 

85.24 

27.67 

14 

532 old and frail houses 

Kirung 

Kyirong 

9 

85.29 

28.48 

60 

15% destroyed 

Kuknah 

Khokna 

9 

85.30 

27.63 

130 


Kuti (Tibet) 

Nyalam 

9-10 

86.08 

28.15 

550 

83% destroyed 

Listi gaon 

Listikot 

8 

85.94 

27.89 

0 


Lubu 

Lubhu 

9 

85.38 

27.62 

25 


Mukwanpur 

Mukwanpur 

8 

85.15 

27.46 

0 

Fort damaged less than Chisapani 

Mundun Pahar 

?E to Tibet 

>8 





Nag Desa 

Nakdes 

9 

85.38 

27.68 

20 


Nala gaon 

Nala 

9 



11 


Narod Devi 

?Nardevi 

8 



1 


Nayakoth 

Nuwakot 

8 

85.23 

27.8 

3 


Pag ah 

Panga 

9 

85.27 

27.65 . 

24 


Pahon 

Bahongau 

8 



3 


Palpa 

Palpa 

6 

83.60 

27.7 

0 


Panouti 

Panauti 

9 

, 85.53 

27.57 

19 


Patan 

Patan 

10 

* 85.32 

27.65 

285 


Peang 

Pyanggau 

9 

85.33 

27.58 

8 


Phulam Chock 

?Palchok 

9 

85.53 

27.52 

300 

Temple destroyed 

Phurphing 

Pharphing 

9 

85.27 

27.61 

8 


Sana 

?Sanagau 

9 

85.37 

27.63 

7 


Sana gaon 

Sanagau 

9 

85.37 

27.63 

40 


Sangu 

Sanga 

9 

85.48 

27.63 

8 


Sankhu 

Sakhu 

9 

85.47 

27.72 

45 

Mahadei Temple nearly ruined 

Sassanelly 

?Sisneri 

8 

85.40 

27.62 

2 


Sassanelly Hills 

?Sisneri 

8 

85.40 

27.58 

20 



Continued 
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Table 1 continued 


Named location 

Modern equivalent 

MM 

intensity 

E. decimal 
longitude 

N. decimal 
latitude 

Houses 

destroyed 

Notes 

Selli gaon 

? 

9 



16 


Shipa 

Sipatar 

9 

85.65 

27.75 

3 

Small houses destroyed 

Swamhunath 

Swayanbhunath 

9 

85.28 

27.71 

3 

Temple destroyed 

Taibu 

Thaiba 

9 

85.35 

27.61 

18 


Temi 

Thimi 

10 

85.38 

27.67 

. 150 


Teshu gaon 

? 

9 



25 


Tewanpur 

?Makwanpur 

9 



10 


Thankote 

Thankot 

9 

85.21 

27.68 

23 


Tingri 

Old Tingri 

4 

86.5 

28.5 

0 


Toka gaon 

Tocka 

9 

85.33 

27.76 

15 


TOTAL number of buildings reported destroyed 



4652 


(includes damage 

in southern Tibet) 







more than one intensity unit. The 1934 isoseismals 
shown in Figure 4 are somewhat uncertain within Nepal 
since they are formed by merging the isoseismals shown 
in Dunn et al}^ with the intensity data discussed by 
Pandey and Molnar^^. Although the resulting extension 
of the intensity > VIII data northward can be justified 
using the authority of Rana^^, the position and dimen¬ 
sions of the intensity IX region are conjectural. The 
centroid of intensity VIII area for the 1833 earthquake is 
apparently displaced approximately 1° to the west of the 
equivalent region for the 1934 earthquake, consistent 
with Khattri’s 1987 location. This observation is sus¬ 
tained, however, by three observations only: at Goruck- 
pur, Gorkha and at Chapra (Chuprah) on the Ganges. 
Examination of the first two of these reports shows that 
intensity VIII data are but weakly supported by the re¬ 
ports. Thus, were the buildings damaged of poor con¬ 
struction, a lower intensity could be assigned to these 
villages. The 1833 Chapra account describes slumping 
(‘a chasm of considerable depth formed’), which may 
indicate a localized region of high-intensity shaking near 
the Ganges similar to the narrow intensity IX region in 
1934. The inclusion of these westernmost VIII intensi¬ 
ties in an elliptical fit to this isoseismal results in an 
1833 intensity VIII area similar to the inferred 1934 
intensity VIII isoseismal. However, a much smaller re¬ 
gion for 1833 intensity VIII is admitted by the data if 
the same pattern of localized severe shaking occurred as 
in 1934. For example, the sparcity of intensity VIII data 
in 1833 between Dhankuta and Darbhanga admits the 
possibility that the area of intensity VIII shaking could 
be as low as 60,000 km^ or as high as 100,000 km^ the 
latter being the inferred area of intensity VIII shaking in 
1934. 

Three regions of severe damage were reported in the 
1833 and 1934 earthquakes, an observation that led 
Dunn et al}^ to note a similarity between the two 
events: the Kathmandu Valley, a high-intensity region 
near the Ganges, including Monghyr, and a region north 
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of Muzaffarpur. Data for region near the slump belt of 
1934, a region of catastrophic lateral spreading, are 
sparse and although high intensities are recorded near 
Tirhoot and Purnea (VIII-IX) no liquefaction features 
are mentioned here in 1833. The area consists of flat- 
lying sediments and ox-bow lakes across which numer¬ 
ous rivers meander. Further south, at Chapra and 
Monghyr, accounts indicate localized liquefaction near 
the Ganges, and minor ground damage is reported to the 
north, near Bhagmati in the Kathmandu Valley. Shaking 
intensities in the Kathmandu valley were similar for 
both the earthquakes, with highest intensities near Patan. 
Baird-Smith^^ noted that damaging shaking at Monghyr 
frequently accompanies large earthquakes, an observa¬ 
tion repeated by both Dunn et al}^ and Pandey and 
Molnar^^. A favoured explanation for localized high 
intensities in this region is that surface waves are am¬ 
plified in the water-saturated sediments as they approach 
the southward shelving bedrock surface south of the 
Gangetic Plain^^. Similarly, the lake deposits of the 
Kathmandu valley can be assumed to be responsible for 
localized high intensities and rapid variations in inten¬ 
sity in this region as were observed most recently in 
1988 (ref 29). 

Magnitude of the 1833 earthquake 

Various empirical relations have been developed to re¬ 
late felt areas to magnitude^®"^^. A physical formulation 
to account for the observed relation between intensity 
and moment magnitude has been proposed by Frankef^ 
the coefficients of which have been fit to the global 
database by Johnston^"^. I shall refer to this as the F94 
model. Moment magnitude. Mo, of an earthquake in the 
F94 "model is related to the area enclosed within a 
specified isoseismal intensity contour, S, with an ex¬ 
pression of the form 

log Mo = a + 6 log 5'+ , (1) 
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Table 2. Summary of the 1833 intensity data from Indian newspapers (see Appendix) compared to the 1934 Bihar 

earthquake intensity data from Dunn et 


Location 

Mercalli intensity 

1833 1934 

Longitude 
(dec. E°) 

Latitude 
(dec. N°) 

1833 Shaking 
duration (s) 

1833 Shaking 
azimuth 

Mfain shock 







Agra 

V 

VI 

78.02 

27.13 

5 


Allahabad 

VI 

VII 

81.92 

25.43 

120 


Arrah 

VIII 

VII 

84.67 

25.57 

60 

N 

Bankipur 

VIII 

IX 

85.1 

25.6 



Bankura 

VI 

VI 

87.07 

23.23 



Benares (Varanasi) 

VII 

VII 

83.02 

25.3 

150 

NW 

B hagai pore 

VII 

VIII 

87 

25.25 

480 


Buxar 

VII 

VII 

83.98 

25.57 

180 

N 

Calcutta 

V 

VI 

88.4 . 

22.57 

120 

N 

Chandernagore 

VI 

V 

88.4 

■22.73 

180 


Chapra 

VIII 

IX 

84.73 

25.78 


N 

Comercolly (Kumarkhali) 

V 

VI 

89.18 

23.87 T 



Dinapore 

VIII 

VIII 

85.05 

25.63 



Delhi 

IV-V 

V 

77.2 

28.7 

300 

NE 

Futtigurh 

IV 

VI 

79.6 

27.3 



Gazeepore (Ghazipur) 

VI 

VII 

83.5 

25.6 



Goruckpore 

VIII 


83.4 

26.8 

180 

E 

Hathras 

V 

VI 

78.05 

27.6 

60 

NW 

Hazaribagh (Haizareebad) 

IV 

VI 

84.27 

23.95 



Jabalpur 

II-IV 

V 

75.98 

23.33 

(ref 12) 


Kathmandu 

VIII-X 

IX~X 

85.33 

27.68 

60 

NE 

Kirong (Kyirong) 

VIII 


84.25 

28.45 

(ref 2) 


Lhasa 

I 


91.17 

29.68 

(ref 2) 


Lucknow 

VII 

VI 

80.93 

26.87 

180 


Lohooghat (Lohughar)* 

II 


80.08 

29.38 

(ref 13) 


Meerut 

V 

V 

77.72 

29.02 

15 


Monghyr 

IX 

X 

86.56 

25.38 

60 

NE 

Mullye (Murliganj?) 

V 


80.72 

26.92 

350 

. N 

Murshidabad 

V 

VI 

88.4 

24.2 



North Tirhoot 

VIII 

IX 

85.4 

26.4 



Nusserabad (Nasirabad) 

I 

IV 

90 

24.43 



Patna 

VIII 

' IX 

85.1 

25.6 



Rhotas Hills 

IV 

VI 

83.83 

24.63 

120 


Purnea 

IX 

IX 

87.47 

25.77 

NE 


Rungpore (Rangpur) 

VI 

VI 

89.3 

25.75 

40 


Tingri, Tibet 

IV 

V 

86.5 

28.5 



Tirhoot (N. Tirhoot) 

IX 

IX 

85.4 

26.23 

60 

E 

Tirhoot (Muzaffarpur) 

IX 

IX 

85.4 

26.12 

60 

N 

Xigatse, Tibet 

1 

V 

88.7 

29.3 

(ref 2) 


Aftershocks 







Berhampore 4 Oct , 

V 


86.1 

300 . 

0 


Jaunpur 9 Oct 

V 


82.68 

25.75 

3 


Malda 4 Oct 

V 


88.13 

25.03 



Goruckpore 18 Oct 

VII 


83.4 

-26.8 

60 

E 

Bhagalpore 4 Oct 

VII 


87 

25.25 

10 


Purneah 4 Oct 

V 


87.47 

^ 25.77 




*Baird-Smith’^ citing McCleland, p. 1051 (note that due to misnumbering, a second p. 1051 occurs, and p. 1053-1056 
appear thrice distinguished by * and ^ symbols). 


where the constants a, b and c are determined empiri¬ 
cally for each isoseismal area. Intensity magnitudes are 
shown in Table 3 using the coefficients derived from 
worldwide data that include six Indian events^"^. A mean 
magnitude determined for the 1833 earthquake in this 
way is 7.5 ± 0.3, close to the M~ 7.6 adopted by Khattri 
and Tyagi\; however, a monotonic decrease in estimated 
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magnitude with intensity is observed, presumably indi¬ 
cating systematic differences between the global coeffi¬ 
cients and those appropriate for the 1833 event. Data for 
several Indian earthquakes are presented in Figure 5 to 
illustrate these possible biases. Notwithstanding the en¬ 
suing discussion, a cursory inspection of Figure 5 indi¬ 
cates that the 1833 earthquake must be greater than 
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Figure 5. Moment magnitudes inferred from Johnston's F94 coefficients for several earthquakes in 
Nepal and India. The shaded area represents the range of magnitudes inferred for the 1833 earthquake 
using elliptical isoseismals (Figure 4). The overlying fenced region assumes circular isoseismals (see 
text). Assam 1897 data from Oldham**, Bihar 1934 from Dunn et al.^^ and Pandey and Molnar^^, and 
Udaypur from 1988 data from Dikshit and Koirala^^ and Sinha^*^. Events in tilted script from John- 
ston^\ 


Table 3. Isoseismal areas and estimated movement magnitudes for the 1833 earthquake. The constants a, b and c are from Johnston^^ for 
global data least-squares fit to equation (1). Moment magnitudes for elliptical areas (F94E) are from Figure 4, and those for circular areas 
(F94C) for diameters equal to the long axes of the ellipses in Figure 4 were unconstrained by data to the SE. Areas are expressed as 
__ logio(area km^) and Mo in logio(dyne cm). 



Intensity felt 

IV 

V 

VI 

VII 

VIII 

Mean Mo 

a 

19.62 

18.36 

20.44 

19.51 

22.96 

24.3 


b 

0.5 

0.903 

0.607 

1.307 

0.628 

0.352 


c 

0.00163 

0.00206 

0.00312 

0,00079 

0,00307 

0.00655 


Elliptical area (E) 


6.16 + .08 

5.87 ±.06 

5.55 ±.02 

5.35 ±.02 

5.02 ± .04 


\og{Mo) F94E 


26.4 

26.7 

27.2 

27.8 

28.0 


Mo F94E 


6.9 ±0.2 

7.1 ±0.1 

7.46 ±.02 

7.82 ±.03 

7.9 ±0.3 

7.5 ±.3 

Circular area (C) 


6.42 

6.16 

5.86 


Mo F94C 


7.6 

7.9 

7.9 



7.8 ±.2 


M= 6.6 and less than A/= 8.1, the inferred magnitudes 
of the Bihar 1934 and the Udaypur 1988 earthquakes. 

Frankel^^ assumes that attenuation is radially symmet¬ 
ric, resulting in circular isoseismals. These are not ap¬ 
propriate for the Himalayan plate boundary. Yet it is not 
clear whether the observed isoseismal ellipticity is an 
artefact of reporting, an east-west amplification effect, 
or a north-south attenuation effect. The elliptical 
isoseismals inferred in Figure 4 have an approximate 2:1 
aspect ratio with their long axes parallel to the Hima¬ 
laya, but, as mentioned previously, this is possibly bi¬ 
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ased by the absence of reports to the north and to the 
SE. By assuming that the lower-intensity isoseismals 
approximate circles with their radii equal to the semi¬ 
major axis of the ellipses shown in Figure 4, circular 
intensity IV, V and VI isoseismals can be invoked that 
yield intensity magnitudes of 7.6, 7.9 and 7.9, respec¬ 
tively, raising the mean magnitude intensity to A/= 7.8. 
Although the observations permit this interpretation to¬ 
wards the SE, the ‘not felF data from Lhasa and Xi- 
gatse^’^^ are inconsistent with circular isoseismals. 
Moreover, the elliptical aspect of Himalayan isoseismals 
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appears to be a common feature of Himalayan earth¬ 
quakes. Intensity VI->VIII isoseismals for the M=6.6 
Udaypur 20 August 1988 earthquake exhibit an aspect 
ratio of approximately 4:1 (refs. 29, 36). Isoseismals 
VI-VIII for the 1991 Uttarkashi earthquake are elon¬ 
gated 2:1 along-arc^^ and intensity > VI and VII 
isoseismals for other Himalayan events show elongation 
parallel to the arc (e.g. Kangra VII 1905 and Bihar 
1934). Thus, although the absence of radial symmetry 
for intensities > VIII could be ascribed to source geome¬ 
try, it is surely necessary to invoke transmission effects 
as the reason for the elliptical isoseismal areas Vl-VII 
found in the southern Himalaya and Gangetic Plain. For 
example, it is likely that the sediments overlying the 
stable continental crust in the Gangetic Plain act as a 
waveguide for surface waves travelling east-west with 
periods of 1-3 s (ref. 38). Similarly, the dipping inter¬ 
face between the Indian plate and the overlying sedi¬ 
ments may result in less interference along strike than 
updip and downdip, favouring along-arc perceptibility. 
For the lower intensities that are felt south of the 
Gangetic Plain the intensity distributions for the four 
great earthquakes between 1897 and 1950 are approxi¬ 
mately circular, consistent with transmission within a 
uniform crust. 

Epicentre, aftershocks and rupture areas in 
1833 and 1934 

The location of the main shock cannot be determined 
unequivocally from the data presented here. This is 
largely because most of eastern Nepal and southern Ti¬ 
bet are unrepresented in the felt report data, preventing 
incontestable closure of isoseismals greater than VIII in 
these directions. A tantalizing intelligence attributed to 
‘vulgar report’ by Campbellis that for 5 days before 
the earthquake ‘noises similar to the firing of cannons 
were heard as if underground: and in this neighbour¬ 
hood’ (Kan Sing Choke, possibly Choksum at 86°E, 
28.07°N), ‘the high road to Lhasa is said in many places 
to be blocked up by the fallen earth from the moun¬ 
tains’. If these are interpreted as foreshocks close to the 
epicentre of the main shock, the epicentre would be 
placed unreasonably close to a rapid decay in felt in¬ 
tensities eastward. That is, intensities at Tingri 100 km 
to the NE are estimated at IV, whereas at Kyirong and 
Kathmandu, similar distances from Choksum to the NW 
and SW, intensities exceed intensity VIII. Thus, if the 
main shock, or one of the foreshocks, occurred near 
Choksum, this may have been the eastward limit of sub¬ 
surface rupture. The few aftershocks that were reported 
in 1833 do not provide any clear idea of the possible 
rupture zone of the earthquake southward or westward 
although their widespread manifestation favours a shal¬ 
low thrust more than a deep focus event such as the 
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1988 Udaypur earthquake. Continuous ground motion in 
the days following the 1833 earthquake was claimed at 
Monghyr, Tirhoot and Kathmandu, the three regions of 
highest-intensity shaking. The concentration of felt af¬ 
tershocks within these areas may not indicate the prox¬ 
imity of aftershocks to these locations, but instead may 
indicate either that the frequency of shaking in these 
locations was optimal for people to sense (e.g. 2-4 Hz, 
ref. 33) or that anxiety about further destruction height¬ 
ened their awareness to aftershocks. On 4 October 1833, 
a strong aftershock was felt simultaneously at Kath¬ 
mandu, Allahadad, Berhampore, Malda, Purneah and 
Bhagalpore, and another on 18 October at Goruckpore, 
Kathmandu and Allahabad. A surprising number of af¬ 
tershocks were felt in the slump belt region in 1934 and 
the largest instrumentally located aftershock in 1934 is 
also found in this region^^. 

Seeber and Armbruster^^ and Chander^^ propose that 
the 1934 earthquake ruptured a region forward of the 
main frontal thrusts of the Himalaya, at least as far south 
as the slump belt. High-intensity shaking was also ob¬ 
served near the Greater Himalaya and central Nepal 
close to the instrumentally determined epicentre, ap¬ 
proximately 100 km north of the slump belt^^. If it is 
assumed that the 1934 earthquake was Mo = SA, its 
rupture area could easily extend and embrace these two 
regions and extend an equivalent distance, or greater, 
along strike. However, the 1833 earthquake with a mo¬ 
ment magnitude of 7.6-7.8 is unlikely to have ruptured 
an area more than 70 km on a side. The absence of 
catastrophic damage at the forts of Chisapani and Muk- 
wanpur argues against a rupture zone centred at or near 
latitude 27°N, and it seems unlikely that rupture further 
south (beneath the plains) could generate >30% de¬ 
struction in towns in southern Tibet. Thus, the rupture 
zone of the 1833 earthquake appears to have been cen¬ 
tred in northern Nepal or southern Tibet, and unless it 
was a thrust of unusual aspect ratio, it would not extend 
beneath northern India. Thus, the inferred intensity VIII 
and IX shaking in the Gangetic Plain may have resulted 
from basin resonance, and not from the underthrusting 
invoked to have occurred during the 1934 event. 

Following this line of reasoning, if a M-1,1 1833 
earthquake near the Greater Himalaya could generate 
intense localized shaking in the Gangetic Plain, so too 
could the 1934 Bihar earthquake. Could the slump belt 
in 1934 be a product of basin resonance and prolonged 
shaking, thus not requiring slip to extend beneath the 
Gangetic Plain? Catastrophic lateral spreading occurred 
in the 1964 Alaska earthquake and was the result of vig¬ 
orous and prolonged shaking of saturated sediments. It 
is not difficult to imagine that catastrophic lateral 
spreading could be confined to a region of especially 
intense shaking in 1934. The removal of the requirement 
for slip terminating near the slump belt would remove 
the obvious difficulty that there is no evidence for a 
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topographic bulge above the required southern edge of 
the inferred rupture. This was not revealed by levelling, 
nor is there any topographic evidence to suggest that the 
ruptures of previous shallow thrust earthquakes have 
terminated near the slump belt. 

If it is assumed that the 1833 and 1934 earthquakes 
were both shallow thrusts, a limited number of geome¬ 
tries are possible if we require additionally that the two 
ruptures do not overlap. However, this requirement is* 
not essential because the rate of development of avail¬ 
able slip from Indian/Tibetan plate convergence is 
1.5-2 m per centuryand slip released in the 1833 
event could have been effectively renewed by 1934. The 
simplest relation for the two events is that a region north 
of Kathmandu ruptured in 1833 and that a region 
roughly four times the area ruptured in 1934 immedi¬ 
ately to the east. However, alternative and not necessar¬ 
ily more complex rupture geometries can be envisaged 
that would also be consistent with the available data. 

Isoseismal areas and great.Himalayan 
earthquakes 

Were the worldwide coefficients determined by John¬ 
ston*’^ for equation (1) appropriate to relate the felt areas 
of Indian earthquakes to their moment magnitudes, each 
event in Figure 5 would be represented by an horizontal 
line. However, intensity magnitudes determined for the 
four largest events show significant variance, indicating 
that the data for these events are unreliable, or that the 
Eurasian/Indiaff^plate boundary requires adjusted coef¬ 
ficients in equation (1). Unfortunately, the intensity data 
for the four great earthquakes are both confusing and 
incomplete. They are confused partly because intensity 
scales developed for the industrial nations are not easily 
applied to the type of construction and destruction in 
each area, and partly because those responsible for the 
compilation' of intensity data were unable to visit much 
of the afflicted areas to examine inconsistencies in 
written reports and hence apply uniform criteria to the 
observed damage. They are incomplete because isoseis¬ 
mal coverage is typically only for one-half of the shaken 
region. The data in Figure 5 have area uncertainties of 
up to 50%. 

For all the four great earthquakes the maximum Telt 
area’ isoseismal reported in the standard works on these 
earthquakes^^’yields moment magnitudes 1-2 
magnitude units lower than the magnitude derived from 
the intensity IV isoseismal. Given that the intensity 
IV-VI isoseismals yield moment magnitudes consistent 
with those derived from radiated seismic energy, a pos¬ 
sible conclusion is that the ‘felt area’ isoseismal has 
been significantly underestimated for these events. Sur¬ 
face wave dispersion results in progressively low^r fre¬ 
quencies dominating the accelerations at increasing 
distances from the epicentre and distant accelerations 
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are presumably shifted to frequencies that are not opti¬ 
mum for human perception. Distant ‘felf reports thus 
become increasingly ‘instrument’-based: long-period 
oscillations in reservoirs, movements of chandeliers in 
churches, and slow movements of doors. 

The 1897 isoseismals documented by Oldham^® con¬ 
sist of precisely delineated regions of damage to ma¬ 
sonry structures, and approximate areas assigned 
grouped Rossi-Forrel intensities. The low-intensity 
isoseismal areas are completed by extending Oldham’s 
elliptic isoseismals to the north; however, the resulting 
areas may be uncertain by 50%. Isoseismal areas listed 
by Tandon'^^ Poddar"^^ and Ray"^"^ for the 1950 Assam 
earthquake yield systematically low moment magnitudes 
unless these are doubled to include the areas not visited 
to the north and east of the epicentre. This extrapolation 
is undertaken ‘with the risk of great departure from the 
truth’^*^ a truth already uncertain for the same reasons 
that the 1897 isoseismals are unreliable. Estimates of 
lower and upper bounds for these isoseimals result in 
more than a ±0.5 variation in assessed moment magni¬ 
tude. Both the Assam earthquakes yield mean moment 
magnitudes between 8 and 9. 

The 1934 Mercalli intensity data reported by Dunn 
et al}^ yield reasonably consistent moment magnitude 
estimates although the values are somewhat higher than 
those derived by Johnston*^^. This is presumably because 
of uncertainties in closing intensity 1 V-Vl isoseismals in 
southern Tibet. The intensity VIII area adjusted in 
Figure 4 to merge the felt data from north and central 
NepaE^ with the data from Dunn et ai yields a good 
approximation to the observed moment magnitude. 

The Kangra isosejsmal data as reported by Mid- 
dlemiss"^^ are unique among the four great Himalayan 
events in that they cannot easily be reconciled with the 
Johnston F94 coefficients. In particular, the mapped 
intensity Vlll data are confined to two small regions, 
yielding an absurdly low estimate for moment magnitude 
{M ~ 1) compared with hitherto accepted magnitudes for 
the event {M- 8.4). This anomalously small area is evi¬ 
dent in Figure 1. Yet the estimated intensity V isoseis¬ 
mal area for this event is consistent with an M>8 
earthquake. Even if the two mapped intensity VIII areas 
were to connect, which Middlemiss"^^ is adamant they do 
not, or the Kangra intensity VIII isoseismal to bend 
southward, as suggested by Mplnar'^^ the increased area 
would bring the moment magnitude to no more than 
A/= 7.5. A localized intensity VIII area associated with 
a large earthquake would normally be interpreted as 
being symptomatic of a shallow earthquake, or an earth¬ 
quake in a region with abnormally high attenuation. Yet 
no surface rupture was reported there, and the wide¬ 
spread felt area indicates that the magnitude of the 
earthquake is typical of other great Himalayan events. 
The inversion of levelling data from the easternmost 
area is consistent with a slip on a shallow thrust of 7.5 m 
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(ref. 46), again consistent with the occurrence of a great 
earthquake. A possible explanation for a small high- 
intensity region and a large felt area is that the Kangra 
1905 event was a slow earthquake. Slip on a shallow 
dipping buried thrust may have occurred at rates lower 
than the 1897, 1934 and 1950 earthquakes, insufficient 
to generate a widespread region of high accelerations 
but sufficient to stimulate long-period waves, resulting 
in a large felt area. In this interpretation, the high in¬ 
tensities observed near Kangra and Dehra Dun may have 
been associated with secondary shallow faulting in re¬ 
sponse to the underlying slip. 

Conclusions 

A 1 million km^ of northern India was shaken by a sig¬ 
nificant earthquake in 1833. that appears to have been 
centred in north central Nepal. Although inten¬ 
sity X shaking occurred locally and more than 4000 
buildings are reported destroyed, the loss of life (==^500) 
was small largely due to the occurrence of two large 
foreshocks hours and minutes, respectively, prior to the 
main shock. A possible location for the epicentre of the 
1833 main shock is approximately 50 km north, or 
northeast of Kathmandu, although the limited number of 
observations in east central Nepal and southern Tibet 
permit an epicentre to the east of Kahthamandu, close to 
the epicentre of the 1934 Bihar earthquake. The 1833 
earthquake resulted in damage intermediate in severity 
between the 1988 Udaypur Af=6.6 and 1934 Bihar 
M=8.1 earthquakes. A mean moment magnitude of 
Mo = 7.7 ± 0.2 is obtained by applying Johnston’s F94 re¬ 
lation between isoseismal area and moment magnitude. 

The inferred M < 8 magnitude and consequent rela¬ 
tively small rupture area of the 1833 earthquake indi¬ 
cates that it contributed insignificantly to reducing the 
potential slip in the Central Himalayan Seismic Gap 
between the Kangra 1905 and Bihar 1934 rupture zones. 
The slip associated with the event may have been 1-2 m, 
an amount consistent with a renewal time of 100 years. 
This and its proximity to the inferred rupture zone of the 
1934, Bihar earthquake suggests that if the 1833 event 
occurred oh a thrust fault, it may have ruptured a region 
abutting or overlapping the 1934 rupture. However, al¬ 
though remarkable similarities between the 1934 and 
1833 isoseismal areas exist, the mechanism of the 1833 
event is unknown. 

The application of the F94 Johnston^^ algorithm to 
intermediate-intensity isoseismal areas of the four great 
earthquakes in the Himalaya yield moment magnitudes 
consistent with the currently accepted values. Maps for 
isoseismal intensities less than V and greater than VII 
are either less reliable or incomplete for each of these 
earthquakes. Even when generous allowance is made for 
the northward extension of the perceptible felt area, the 
intensity II area for the four events yields values that are 
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too low by more than 1 magnitude unit, indicating that 
recalibration of the F94 algorithm for Indian earth¬ 
quakes is desirable. 

The 1905 Kangra earthquake is unique in that its in¬ 
tensity VIII felt area is anomalously small for a great 
earthquake. The seismically determined magnitude, the 
geodetically estimated slip, and the intensity IV~VI felt 
areas are consistent with an 8.5 > Mo > 8 event, whereas 
the intensity VIII area is appropriate for an Mo ~ 7 
event. A possible explanation for this anomalously small 
area of intensity >VIII shaking is that the earthquake 
occurred with a substantial slow component, and that the 
observed high intensities were associated with secon¬ 
dary ruptures near Kangra and Dehra Dun. The absence 
of broad-band seismic data for this and other Himalayan 
earthquakes makes such a conclusion tentative. How¬ 
ever, if slow earthquakes do occur in the Himalaya they 
would have the benefit of absorbing plate convergence 
with less high-intensity shaking than. normal high- 
frequency earthquakes. Moreover, if other 7 earth¬ 
quakes in the historic record represent the secondary 
seismic manifestations of slow great earthquakes, the 
maturity of the Central Seismic Gap may not be as ad¬ 
vanced as is currently believed. 

APPENDIX 

Accounts of 26 August 1833 Nepal earthquakes 
and aftershocks 

Times in the original articles are converted to a 24-hour clock. Note 
that these original times are generally unreliable because they are 
expressed in local time usually set by a local sun clock and span a 
one-hour time zone. A precise astronomical clock was stopped in 
Calcutta by the second foreshock at 23:34'48". The main shock oc¬ 
curred at approximately 23:54 and the first foreshock at 17:00. Mer- 
calli Intensities are assigned to the main shock and to the five reports 
of aftershocks. The first line of each entry indicates the estimated 
Mercalli Intensity, where this can be determined. 

Three reports from Nepal containing the observations of Camp- 
belF '^ are included in addition to an anonymous commentary from 
Agra. 

Agra V 

The Earthquake - Several shocks of an earthquake were felt in can¬ 
tonments, as also in the city of Agra, on the night between the 26th 
and 27th instant. The shocks came in rapid succession, were strong, 
and lasted a few seconds each, but we have not heard that any acci¬ 
dents have happened. 

{The India Gazette, Calcutta, Tue., 12 Sept. 1833, III, 872, reprinted 

from the Mofussal Ukhbar, Aug. 31, 1833) 

Agra. The Earthquake. 

The following account from a correspondent in Agra summarizes 
accounts in the above newspaper reports south of latitude 26®N, and 
adds a few locations not encountered in the primary articles -that 
follow. It is included because it appears to be a systematic list of 
1833 settlements from which news of the event was expected. It 
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Figure 6. Locations reporting the 1833 earthquake. Solid circles from Indian newspapers and journal articles.- Open 
circles from Campbell^-Location coordinates are listed in Tables 1 and 2. 


claims to be the first of the two reports but a search for the second, 
which purports to describe damage north of 26®N has been unsuc¬ 
cessful. Mullye is not mentioned in this report, suggesting that it is 
located north of latitude 26°N. 

We are happy to perceive a hint in the Calcutta Courier that the 
Secretary to the Asiatic Society is likely to favour the public with an 
account of the earthquake of August 26. To assist in rendering this as 
complete as possible, we have been induced at this early period to 
take a review of the information already collected for the purpose of 
showing what is yet wanted from individuals residing at places 
where the shock was sensibly felt. We would strongly recommend 
that a set of questions be circulated through the government by the 
Asiatic Society, as it is probable that there are many subjects con¬ 
nected with the sciences, besides the phenomena attending the earth¬ 
quake, on which a light may be thrown by means of such an enquiry. 
We intend in the first place to confine our remarks to the sensible 
effects of the earthquake in different situations, and here we shall be 
obliged to recapitulate facts with which most of the readers are al¬ 
ready familiar. The earthquake must have proceeded from a point or 
from an extended line or a space. The first subject, therefore, seems 
to be determination of these limits; in order to do this, we ought to 
possess properly an understood measure of intensity, so that we 
might ascertain our vicinity to the vortex or centre. Supposing that 
we assumed the earth to be of equal solidity throughout its surface, 
and that the earthquake had proceeded from a certain point, we 
should find a regular succession of accounts which would be exactly 
similar at similar distances. If the point, therefore, is ascertained, and 
any discrepancy appears in the accounts, we are obliged to refer this 
to the quality of the intervening strata. We may premise that there 
were three severe shocks; one at sunset, another at a little past 11, 
more severe, and the third one at or near midnight, the severest of 
all. Now did these three happen at the same place or at several 
places? If they happened at the same place, we should, by commenc¬ 


ing with the accounts from the eastward remote from the epicentre, 
find exactly similar accounts to what we would have from the west¬ 
ward, and the difference of strata would have no avail, for having 
obtained three different degrees of intensity, they would all shade 
into obscurity (if we may be allowed to use the expression) in the 
same order at proportional distances. 

22°N: We shall proceed from the southernmost point from which 
information has been obtained and take parallels of longitude from 
east to west. From the westward [this should be eastward?] of Cal¬ 
cutta no recounts have been received. At Calcutta and Dum Dum 2 
shocks were felt, the first comparatively light one at 23:36, which 
stopped the astronomical and other clocks. The second one came on 
at 23:56, occasioning the doors to rattle while the punkhas, the wall 
shades, etc., were all thrown into violent agitation. It lasted about 
1 min. This is all that has been recorded for this parallel, no accounts 
having been received from Midnapore, Singboom, Oodeypore, etc. 

24°N: In 24°N latitude there are no accounts from Dacca - At 
Comercolly two shocks were felt, the first one at 23:45 lasting nearly 
a minute, the second one, somewhat lighter, about 10 min after. At 
Moorshedabad (=Berhampore), the first shock was felt at 19:00 but 
two others about midnight within 10 min of each other shook the 
house, awakened the birds, and caused the hanging lams to vibrate 
for 4 min afterwards. So severe was the shock that the writer feared 
his house would fall. The earth trembled so violently that it was with 
difficulty one could keep his footing. 

At this interesting point, our information terminates, and we pass 
on to Hazareebad (Hazaribagh) on the southern side of the concus¬ 
sion. At this station the early shock at 19:00 was not felt; but one at 
23:30 and a second one half an hour afterwards lasted 2 min, causing 
the punkha to swing and the door to rattle loudly. In a letter from the 
Rotas Hills, the first shock was felt at 23:10, a second rocking came 
soon afterwards, and at 23:11 it returned more severely, lasting not 
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less than 2-3 min; the roof of the house creaked, and the doors and 
windows rattled. 

There are some discrepancies in this parallel which might perhaps 
have been explained had we possessed more extended accounts. For 
instance, the slightness of the last shock at Commercolly; secondly, 
the sudden increase at Moorshedabad. The slightness of the effects at 
Hazareebag, and the severity, considering the remoteness under the 
Rotas Hills we should presume that the situation of the last account 
must have been made considerably to the northward of Hazareebag. 

25'^N: We shall now take the parallel 25°N from whence the fullest 
statements have been obtained. From Sylkat we have no accounts, 
our first are from Rangpore, nearly in 25°N, where the shock was felt 
as at Moorshedabad. The first one took place at a little after sunset, 
slight and of short duration. The second one at 23:30 was strong, 
lasting about 30 s and the third one was still more severe, of 40 s 
duration. 

No accounts have been received from Dinagapore, Malda or Ray- 
mahil (Rajmahal), and we are obliged to pass on to Poornea, where 
the shock produced still more severe effects. The first shock was felt 
at 17:00 slightly, the second one at 23:00 was severe and the third 
one at 23:18 was the most violent. The birds were driven from their 
nests; men were scarcely able to stand; cattle ran wild with fright; 
several old buildings in the town tottered to pieces; a part of one in 
the station sank partially; a heavy cornice fell, every building suf¬ 
fered more or less, and a recently vacated upper-roomed house had 
not an arch left. Large masses of bricks actually fell out of the walls. 
The roofs in many places split, and the beams and Burgahs separated 
an inch and more. The out-offices in the compound became a heap of 
ruins. The shocks are mentioned as occurring from 23:30 to 08:00. 
The last was somewhat severe; no mention is made of a subterranean 
sound. 

Our next accounts are from Bhagalpore. The first shock was felt at 
23:15, and a tremulous motion was felt for 3-4 min; at about 23:45 
the third shock was felt when the chairs moved and the door rocked 
about; this lasted for about 8 min. Between this and daylight three 
other shocks were felt, but none equal to the first one; a rumbling 
noise was also heard, but not very loud. 

From this we proceed to Monghyr. At this station the first shock 
occurred at 5 min after sunset accompanied by a rushing noise 
shaking like the movement of a steam engine. The second took place 
at 23:25, the third one at midnight, the fourth one at 02:00, and the 
fifth one at 03:45, etc. The second and third ones were most severe, 
causing considerable damage to houses, in which 34 were more or 
less injured by the falling of the balconies and balustrades, and by 
the cracking and separation of the walls and beams. The ground 
seemed to rise in waves about a foot in height. The lamps were all 
extinguished, making with the glasses on the sideboard, agitation of 
the jilmils and rumbling underground which accompanied the earth¬ 
quake made a frightful noise. The first shock seemed to last for 30 s, 
and the second and third ones about 1 min each. Mr. H. and Colonel 
B., Mr. Pages and Captain Watson’s houses sustained considerable 
damage. Large portions of the Rampart of the fort fell down. The 
shock was distinctly felt by the people in boats. Another slight shock 
occurred at 21:00 of the 27th. The Commissioner’s house, situated at 
the highest point of the station, suffered the least, though the earth¬ 
quake was severely felt there. 

From Monghyr we proceed to Patna having received no accounts 
from Bar. The first shock was felt there at about 18:00, rather slight. 
The next one was felt when a number of houses fell and various sorts 
of injuries were sustained. Rajah Khan Bahadoor’s stable fell, by 
which 7 of his horses were killed. Capt Elliot’s house was also lev¬ 
elled with the ground. E. DeCosla’s house cracked. At 23:30 says 
one, I was awakened by a horrid rattling and shocks, apparently from 
the east to the west with a rumbling noise, the servants running into 
room in great consternation. The last shock occurred at midnight, 
which was the most severe. At Bankepor (=Bankipore), 6 miles from 
Patna, houses were cracked, amongst which were the magistrate’s 


Kutchery, and in the city the opium godown shared the same fate as 
also [the] gateway built by Maha Rajah Mohur Jay Singh, while 
many pucka dwellings had entirely fallen. Eighteen shocks were felt 
afterwards but they appeared continuous; the last one was at 08:00. 
At Dinapore (Danapur), 10 miles away from Patna, the former Bri¬ 
gade Major’s house was split. 

At Arrah, a little east of Dinapore, the first shock was not felt at 
23:15, one occurred lasting a couple of seconds, the second one be¬ 
gan about 10 min afterwards and was the most severe of the two. It 
commenced by a slight tremulous motion which gradually increased 
to the most terrific undulations, and was accompanied by a load 
rumbling noise, like thunder, underground. Doors, windows and 
every other article of furniture were thrown into a most violent agi¬ 
tation, several walls fell and some roofs were thrown off. 

At Chuprah, in nearly the same longitude but a little to the north, 
the first shock at 17:00 was felt but slightly; at 23:00 another one 
came on accompanied by a tremendous rumbling, and a violent 
rocking of the house. At 23:15 the severest shock commenced with a 
tremulous motion, and a noise like thunder, followed immediately by 
a very long and awful agitation of the earth, which vibrated in a 
horizontal direction north and south. Slight shocks continued until 
08:00 and a tremulous motion at intervals during the day. Large 
pieces of plaster fell from the walls in the rooms; native dwellings 
were destroyed; 2 miles from thence the earth opened; in conse¬ 
quence of the injury the court house sustained, the Cutchery was 
then held in a tent. 

At Buxar, the force lessened - several smart shocks were felt, the 
first decided one took place at 23:20 but the smartest one occurred at 
23:55. The motion was so strong as to upset several wall shades and 
glasses in one of the Bungalows there and the general rattling of the 
doors and windows and the creaking of rafters were really most 
alarming. The indigo factory was cracked, a rocking motion was felt 
by an officer in a budgerow; 5 miles above Buxar at Koorantadhee 
immediately opposite Buxar, it was so slight as to scarce waken a 
single individual. 

At Gazeepore, the first shock felt was at 23:00 and the second one 
at an interval of 40 min. The first one was slight, the second as it 
were 4 or 5 successive undulations accompanied by a subterranean 
noise, heard however by very few. The cots of the soldiers were vio¬ 
lently agitated so as to cause the occupants to start from their sleep, 
the walls and joints cracking. 

At Benares, the first shock at 18:00 was not felt; at 23:00 a shock 
took place which continued for 4-5 s. This was succeeded by another 
one not very violent for 4 or 5 s; a more severe one was felt after¬ 
wards which lasted 2.5 or 3 min and the earth ceased to shake 
gradually. 

At Allahabad, only two shocks were felt; 23:30 the same phe¬ 
nomenon presented itself with a more striking character, the short 
but quick vibration continued for nearly 2 min, accompanied with 
noise from the doors, windows, etc., and a dreadful hollow sound 
from the river. 

We wish we could have completed this with a report from Culinger. 

Having now finished an account of our principal parallel, we shall 
proceed to draw the inferences from the limited facts which have 
been collected. Rungpur and Moorshedabad appear equidistant from 
the centre. The former is equally far from Purneah as Moorshedabad 
is from Monghyr while at the latter two stations, the shock appears to 
have produced equally severe effects. At Bauglepore, although very 
near to Monghyr the effects are wonderfully lessened, leading one to 
the idea that the ground under Bauglepore was in no way connected 
with the earthquake, that it was more solid, etc., and therefore that 
the tremor lasted longer. A sound was heard at Bauglepore, Monghyr 
and less so at Purnea. The rumbling of stones, the rush, as it were of 
water, and of a mighty wind, are accompaniments of earthquakes 
which will probably lead eventually to the discovery of their cause. 
The appearance around Monghyr as well as the hot springs there 
testify to the volcanic nature of the subjacent strata. 
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At Patna the effect seems still nearly as severe, apparently dimin¬ 
ishing towards Arrah. Our previous accounts from Hazareebag indi¬ 
cate that the effects decrease southward, while those from Purneah 
on the one side and Chuprah on the other indicate the boundaries 
east and west showing also severity in the latter case, that the ... 
effects of the earthquake are to be... in a northern direction from 
these stations. We observe the gradual diminution of the effects... 
Arrah until we come to Allahabad and may almost conclude that the 
last shock was just perceptible at Calinger. 

By comparing Moorshedabad and Rungpore, we find them equal, 
and by comparing in the same manner Allahabad and Calcutta we 
shall also find that the effects are similarly described and that they 
are at equal distance, respectively, from Patna and Monghyr. The 
facts then lead to the conclusion that a given concussion produces 
similar effects throughout the earth’s surface at equal distances. 
Should such be the case, and our information here be accurate, we 
should with these data be able to solve the following quotation: 
Given the effects of an earthquake at two known points, and also the 
direction required (missing words in the printed version of this 
statement), the point from whence the concussion arose... With this 
idea we have measured the distance between Calinger and Patna, and 
assuming that at Agra the effects were similarly felt as at Calcutta, 
we have put one leg of the compasses on the map at Agra and swept 
a circle which passes through Gazeepore, Guruckpore up the course 
of the Gandack to its origin in the snowy mountains. 

Now we have already had an account of ... so that the effects of 
the earthquake must according to our data have been more northerly. 
It was, however, felt at Delhi, in a similar manner, and if we take the 
same radius we shall still keep to the source on the Gandack, from 
which we have not as yet obtained any accounts. We shall reserve 
another parallel for our next number. 

{Reprintedfrom Mofussul Akbar, 21 Sep. /<535. In The Bombay 

Courier^ 476, 8 Oct. 1833) 

Allahabad, 26 August VI 

At Allahabad we regret to hear that death has lately been truly 
alarming and frequent in its occurrence [cholera epidemic]. We are 
also informed that two smart shocks of an earthquake were felt there 
during the night of the 26th. Our informant, who resides at the fort, 
states that he was awoken from a sound sleep at 23:00 in conse¬ 
quence of the tremulous motion being communicated to him by the 
bedstead - at 23:30 the phenomenon presented itself again with a 
more striking character; the short but quick vibrations sensibly con¬ 
tinued for nearly 2 min accompanied with a noise from doors, win¬ 
dows, etc., and a dreadfully hollow sound from the river. 

{Reprinted from the Calcutta Courier in the Bengal Hurkaru and 
Chronicle XII(58), New series, Thu., 5 Sept. 1833) 

Allahabad, 16 Sept. VI 

August 26. First shock 5 min before sunset, not severe; close, hot, 
light airs from NE; barometer 29.273. At 04:26, barom. 29.213. On 
the 25th same hour 29.253; thermometer 88°F on both days. About 
11 PM and 11:30 very severe shocks were felt; loud noise, resem¬ 
bling distant thunder was heard. The river Jumna was thrown with 
violence against the banks. Many persons left their houses, both 
Europeans and natives. 

{The India Gazette, Calcutta, 24 Sept. 1833, II, 882) 
Arrah, 27 Aug. VII 

Last night the inhabitants of this town were throWn into a state of 
alarm by two severe shocks of earthquakes. The first one took place 
at 11.15 and lasted for about 10 s. The second one began in about 
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10 min and was the most severe of the two. It commenced with a 
slight tremulous motion which gradually increased to the most tre¬ 
mendous undulations, and was accompanied by a loud rumbling 
noise, like thunder, underground. It appeared to proceed from north 
to south. Doors, windows and every article of furniture were thrown 
into the most violent agitation: several walls fell and some roofs were 
thrown off. All rushed to the streets and the whole town was in a 
state of commotion. We understand that some of the sahib log aban¬ 
doning their beds ran into the streets in great consternation. 

{Bengal Hurkaru and Chronicle XII(58), New series, 
Thu., 5 Sept. 1833, reprinted from the India Gazette 
Calcutta, Wednesday, 4 Sept. Ill, 865) 

Benares, Aug. 27 (now Varanasi) VII 

An earthquake happened here on the 26th instant, the particulars of 
which are as under. About 23:00 26 Aug. a shock was felt which 
continued for 5-6 s. This was followed by another, though not very 
violent, of 7 or 8 s duration. On going out to the verandah I found 
several of my friends and the domestics in a state, of alarm. After a 
lapse of 5 or 6 min I returned to my chamber, but no sooner had I 
entered it, than a more severe violent shock was felt. This lasted 2.5 
or 3 min and the earth ceased to shake gradually and imperceptibly. 

{The India Gazette, Calcutta, Wednesday, 4 Sept. 1833, 
III, 865, reprinted in Bengal Hurkaru and Chronicle 
XJI(58), New series, Thu., 5 Sept. 1833) 

Benares VII 

A native letter from Benares mentions that three shocks of an earth¬ 
quake were felt at that station. It, however, appears to have most 
severely been experienced at Boglepore as detailed in a letter in the 
John Bull. The first shock was felt at 11:30, the undulations from the 
NW passing to the east. An hour after, a second shock was suc¬ 
ceeded, more severe than the first, and afterwards six partial shocks 
ending at 2:30. The last one was accompanied by a sound resembling 
the rushing of a stream of water. A constant tremor of the ground 
was felt from 12 O’clock until daybreak. 

{The India Gazette, Calcutta, 26 Sept. 1833, III, 884) 
Berhampore, 4 Oct. 1833 aftershock 

This morning, at a well known village called the Cuttereah, about 
10 miles below Berhampore, while we were out for a walk we dis¬ 
tinctly felt the shock of an earthquake. It came about 07:45 and 
lasted full 5 min; its direction was from north to south: the shock 
was slight but distinctly felt so that you see earthquakes are becom¬ 
ing more common now. 

{In Bengal Harkuru, Wed, 9 Oct., printed from Indian Register) 
Bhaugulpore, 27 Aug. 1833 VII 

About a quarter past 11 last night, I was roused from my bed by a 
violent shaking of it, so much so that at first I thought someone was 
actually moving the bed about. I jumped out and saw the oil in the 
lamp moving about in tremulous motion which lasted about 3 or 
4 min. I waited a little and got my wife and family on the verandah, 
when we plainly felt the chairs move and the doors rocking about. 
This lasted nearly 8 min, and between this and daylight three other 
shocks were felt, but none equal to the first one; a rumbling kind 
of noise was heard, but not very loud. In the year 1806 I felt an 
earthquake at Bencoolen as severe as this, but never before in this 
country. 

{The India Gazette, 1833, Tues., Sept. 3, III, 864) 
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Subsequent commentary on above 

Sir, The account contained in your paper relative to the late earth¬ 
quake at Bhaugulpore is indeed terrific. The shock of 8 min duration 
must have been confined alone to your correspondents premises. 
His house must be evidently built of something more substantial 
than pucka materials, else how is it possible that it stood. Your 
correspondent adds that he felt the shock at Bencoolen in the 
year 1806 as severe. Judging from this, he must be an old stager; 
consequently, when age and fear act as existing agents, some 
allowances are admissible. I remain your obedient servant. - Anti 
Veteran. 

{The India Gazette, Calcutta^ Wed., 18 Sept. 1833, III, 877) 
Bhaugulpore, 4 Oct., 08:10 aftershock 

10 s of shaking described at length from the shock of the 4 Sept. 
08:10. Birds disturbed. A mud hut about the neighbourhood had 
fallen, and an aged man, who could not get out in time, was buried 
under the ruins, and was taken out dead afterwards. 

{The India Gazette, Calcutta, Fri., 1.1 Oct. 1833, III, 897) 

Buldeeah - Inundation and Earthquake, 31 Aug. 1833 (possibly 
Batia, viz. Plate 12, ref 47). 

A letter from a correspondent at Buldeah dated the 31st ultimo states 
that the place had been visited by the most destructive inundation of 
the Kumlah river ever known. The river was increased by torrents 
from the Nipaul mountains so suddenly that hapless beings were 
drowned asleep in their houses at night. Cattle were swept off, and 
immense trees of the forest came rolling down the rapid stream that 
had undermined or cut away the banks on which they had flourished 
for many years in perfect safety. The earthquake of the 26th and 27th 
was also felt very powerfully at the same place. 

{The Bengal Harkuru and Chronicle XII(67), New Series, LXIV, 
5768, Old Series, 16 September 1833) 

Buxar, 27 Aug. VII 

Last night several very smart shocks of an earthquake were felt. The 
first decided one took place at 23:20, but the smartest of all at 23:55, 
each continuing for several minutes in a direction from north to 
south. The latter was so severe as to cause the members of all fami¬ 
lies resident here to run into the open air to secure themselves 
against the danger which seemed about to overwhelm them. 
The motion was so strong as to upset several wall shades and 
glasses in one of the bungalows here, and the general rattling of 
doors and windows, and the creaking of rafters were really most 
alarming. 

The undulating motion of the ground was so great as to cause 
horses that were asleep to start up suddenly with the mark of alarm, 
and the birds roosted upon the trees to rise into the air, uttering wild 
cries. 

Strange to say, the violence of the shock seemed a good deal 
bounded by the river, as at Koruntadhee, immediately opposite to 
Buxar, the motion of the earth was so little felt as hardly to awaken a 
single individual, whereas on the right bank of the river, all were 
obliged on the instant to evacuate their habitation and run into the 
open air. 

The effect on the water about 56 miles above Buxar, as described 
by me, an officer luogoo’ed in his boat, was that of a rocking 
motion, as if occasioned by a heavy swell consequent on an east 
wind. 

I am glad to be enabled to add that no serious injury occurred, 
unless one or two cracks in an Indigo factory bungalow, a few koss 
off, may be accounted as such. I have since heard that the shocks 


were most severely felt at Bhojepore, 15 miles distant in the east 
direction. 

{The India Gazette, Calcutta, Monday, Sept. 9 1833, III, 869) 

[Note: A kos is 3000 paces or approximately 2.3 km (p. 198 in 
Phillimore, R. H., Historical records of the Survey of India, 
Vol. II, 1800-1815, 477 pp.). The above account, though taken at 
face value by the commentator in Mofussul Ukbar of 21 Sept. 1833, 
and repeated by Mallet, 1852, is ridiculed in a reply in the Bengal 
Harkuru, Fri., 20 Sept. 1833, an extract of which is reproduced be¬ 
low.] 

Dear Sir, We have all been a good deal amused here, with the ac¬ 
count given in your paper of the 6th instant, of the earthquake at 
Buxar. Tt would certainly be important if true’ - but there’s the rub! 
Why! Mr Editor, your ordinary discrimination must surely have been 
in abeyance when you admitted so bright an idea as that ‘the effects 
of the shocks could even appear to be bounded by the river’. 

The fact is that the motion of the earth was felt just as severely at 
Koruntdhee as at Buxar on the right bank of the river, with this small 
difference, that your gallant and philosophical correspondent having 
previously confined a considerable time in his boat going down the 
river, sacrificed a little too freely to the Jolly God, at a certain glori¬ 
fication party on the night in question ... Servants, syces, etc., rushed 
out with one accord in the greatest state of alarm. In short, it was 
impossible not to have telt it. Yours truly, VINDEX. Buxar, 13 Sept. 
1833. 

{Bengal Harkuru, Fri., 20 Sept. 1833) 

Calcutta 

Sir, The correspondents who have favoured you with accounts of the 
earthquake that was lately felt in various parts of Hindoostan state in 
vague terms the direction which the earthquake took in its progress. 
Do they mean to say that the direction was north and south or from 
north to south (for these expressions convey different ideas to the 
mind). If the latter, what means have they of ascertaining the fact? 
Your obedient servant, B. 

{The India Gazette, Calcutta, Tue., 12 Sept. 1833, III, 872) 
Calcutta V 

Two shocks of an earthquake were felt on Monday night: the first 
one occurred as is shown by its stopping an astronomical clock pre¬ 
cisely at that time 23:35, and was comparatively slight and of short 
duration: the second one was far the most violent we ever remember 
to have experienced - the doors rattled, as if shaken by a storm of 
wind, the bed in which we slept was heavily for more than a minute, 
from north to south, with a gentler undulation afterwards in an east¬ 
erly and westerly direction: the punkahs, the wall shades, the tables 
and chairs were violently agitated; and this second shock endured we 
should think altogether, for upwards of 2 min. It came on at about 
23:56. The natives felt it in their huts and blew their horns as usual, 
and the crows and adjutants were disturbed by it and made a great 
noise, flying off from the houses and trees where they had taken 
roost. 

{Bengal Harkuru and Chronicle, XII(51), New Series, 

Wed., 28 Aug. 1833) 

Calcutta, 27 Aug. 1833 V 

A slight shock of an earthquake was felt in Calcutta last 
night (Monday) at about 11:35. A stronger shock was felt at exactly 
23:57. 
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Subsequent commentary on the above 

Sir, you must be a sound sleeper from your editorial of this morning 
about a slight shock of an earthquake felt last night. I have witnessed 
many; and, except for that experienced in Lord Lake’s camp on the 
night preceding the storm of Ally Ghur (note: 1 Sept. 1803, Kumaon 
earthquake). I remember nothing of the kind comparable to the 
lengthened rocking of my couch last night in the upper rooms of the 
Bengal club. I really expected to see the pillars of the verandah, if 
not the building itself, come down, and waited with tranquillity for 
my ‘disruption of the visible world’, not the oft recurring wish to 
behold what is beyond. 

{Cleophas. India Gazette, Calcutta, Wed., 28 Aug. 1833, III, 859) 
Chandernagore VI 

The following is an extract of a letter from Chander¬ 
nagore: Tn the night of the 26th-27th two shocks of an earthquake 
were felt in Chandernagore; the second one, much more violent, 
continued for about 3 min and commenced about half past 12 (vers 
minuit et demi). The attic of a house was thrown down, but no other 
accident occurred.’ We suspect that our correspondent has mistaken 
the time of the last shock. 

(Bengal Harkaru, Thu., 29 Aug. 1833, XII, No. 52, New Series) 
Chuprah, 29 Aug. VIII-IX 

In the night of the 26th instant we were thrown into great consterna¬ 
tion by the most awful shocks of an earthquake, perhaps ever felt in 
this part of the world. The first was at about 5 O’clock in the evening 
and slightly felt. At midnight 1 was suddenly aroused from sleep by a 
tremendous rumbling noise and violent rocking of the house, which 
continued for some time. I remained in the verandah thinking that all 
was over, when in about a quarter of an hour another shock began, 
first with a tremulous motion and a noise like thunder, followed 
immediately by a very alarming and awful agitation of the earth, 
which vibrated dreadfully in a horizontal direction north and south. 

We all rushed downstairs away from the house and continued in an 
open building until daylight, and as 1 did not sleep again, I observed that 
slight shocks continued till 8 in the morning; indeed, a slight agitation 
was felt at intervals throughout the day. Large pieces of the cornice and 
much of the plaster fell from the walls of the rooms. 

All the people ran from their houses and several native dwellings 
were destroyed. I have since heard that three people were killed by 
the falling of their houses. As such severe shocks are unusual in this 
part, you will probably learn further accounts by the papers. Two 
miles from this the earth opened and a chasm of considerable depth 
formed. In consequence of the injury the Court house has sustained, 
Cutchery is now held in a tent. 

(The India Gazette, Calcutta, FrL, 6 Sept. 1833, III, 867, reprinted 
in Bengal Hurkaru, Xn(60), Sat., 7 Sept. 1833) 

Comercolly (Khumarkhali, 23°52', 89°I T) 27 Aug. 1833 VI 
Two very smart shocks of an earthquake were felt here last night 

(The India Gazette, Tues., 3 Sept. 1833, III, 864) 
Delhi, 27 Aug. V-VI 

An earthquake was experienced at Delhi at a quarter before 1 AM on 
the 27th instant which lasted 4.5-5 min; the shocks (by undulations) 
were rapid and distinct and their direction was from SE to NW. 

(Delhi Gazette, 31 Aug, first reprinted in the 11 Sept, issue of India 
Gazette 871 and again Wed., 18 Sept. 1833, 111, 877) 


Futtigurh, Sept. 28 1833 V 

Your ‘excellent earthquake’ was felt here very sensibly, I was sound 
asleep when it occurred, but the clattering of the doors and windows 
soon awoke me and made me leap out of bed. From the harmonious 
cawing of the crows and the sweet carolling of the minahs (?), I soon 
returned to my nest. A neighbouring house was much shaken. 

We were subsequently visited by a meteor so brilliant that I was 
again woken from a sound sleep. ' 

(India Gazette, Calcutta, 10 Oct. 1833) 

Goruckpore, 27 Aug. 1833 VII 

The first shock was felt at about 7 pm yesterday and was slight. At 
about 23:20 there was a severe shock, which lasted nearly 2 min; this 
shock awoke without exception, that I have heard, every European resi¬ 
dent at the station, many of whom ran out of their houses, fearing that 
they would tumble about their ears, and really the shaking was so violent 
that it felt exactly as if the walls must be thrown down. After this shock 
passed away there was a continued vibration of the ground for about 
20 min, at a few minutes before 12 another shock, much more violent and 
of longer continuance than the last mentioned, was felt, when open doors 
were slammed to, the jilmills rattled and the violence of the shaking was 
such that it seemed impossible for any fabric to stand it. The city was in 
an uproar, all the natives ran out into the street and continued out the 
remainder of the night. There was an almost constant vibration felt until 
nearly 6 O’clock this morning and three shocks, much less severe than the 
two between 11 and 12, at intervals between 12 and 6; since then all has 
been quiet. One or two houses in the town were shaken down but the only 
damage I have heard in the cantonments is the cracking in two places 
from top to bottom of the outer verandah wall of the civilians bungalows. 
It was a beautiful moonlit night without cloud or a breath of wind. 

The shocks appeared to run from east to west - it was not an undu¬ 
lating motion such as I have at former occasions felt, but the sensa¬ 
tion to a person in bed was more like what be felt if the bed were 
seized by several hands and shaken violently backwards and for¬ 
wards. The natives here have scarcely recovered from the fears yet; 
they say they never experienced anything of the sort before, and it 
seems surprising that no houses were injured more materially, con¬ 
sidering the violence with which they seemed to be shaken. 

The river was exceedingly high and all the jeels and low ground 
with which it can communicate more extensively filled and flooded 
than they have been since the great flood in 1823, though the local 
rains have not been excessive; indeed, there has scarcely been an 
average fall and the weather has been delightful. 

(Bengal Hurkaru and Chronicle, XI 1(59), New Series, Mon., 6 Sept. 

1833) 

Goruckpore (18 October aftershock) VIII 

A correspondent writing from Goruckpore says that the station was 
visited on 18 Oct. 04:40 by ‘a most tremendous earthquake’ which 
came from east to west and lasted nearly 1 min. He adds that it was 
much severer than that which was experienced on the 26th last. It is 
singular that we felt nothing of the kind here, nor have heard any¬ 
thing of the earthquake from other quarters. 

(The India Gazette, Calcutta, Sat., 26 Oct. 1833, Ill, 910, reprinted 

from the Englishman) 

Hatrass (now Hathras) V 

A considerable shock of an earthquake was felt at Hatrass. It ap¬ 
peared to last a minute and it seemed to be from NW to SE. 

(The India Gazette, Calcutta, Tue., 12 Sept. 1833, 111, 872, reprinted 
from the Mofussal Ukhbar, 31 Aug. 1833) 
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Jionpor 10 Oct. 1833 aftershock (Jaunpur) V 

I lose no time in telling you of another earthquake, which was felt 
here yesterday at or about 8 in the morning; the shock was sudden 
and smart and lasted a few seconds. It shook all the jillmills and 
doors. Jionpor, 11 Oct. 1833. 

(The India Gazette, Calcutta, Sat, 26 Oct 1833, III, 910) 
Kathmandu, Nepal, 27 Aug. IX-X 

Have you ever experienced the sensation from the shock of an earth¬ 
quake? If not, pray earnestly you may be spared a practical knowl¬ 
edge of this huge and incomprehensible phenomenon. Last evening 
about 18:00 we had in the residency grounds, and throughout the 
valley, a severe shock of an earthquake. I was in the house at the 
time. Doors, jillmills, chairs and tables commenced shaking most 
violently, then the house began to move, and when I got outside, the 
rumbling noise of cannon driving over a drawbridge was most dis¬ 
tinctly audible, and gave the idea of vast bodies moving at full speed 
close to underground. The trees and shrubs moved from their roots 
with each undulation of the ground, and I could distinctly see my 
house reeling in unison with the trees around it. I pitched a tent to 
have a place of refuge against a repetition of the business. However, 
bed time came and we all save H. went to bed; but at 10:45 another 
and more violent shock than the first one obliged us to turn out, and 
as 1 rushed out of the house instantly, I had a noble view of the ef¬ 
fects of this one. The ground moved in a long and even swell for 
about 30 or 40 s, and the doors and windows of our houses shook 
most vehemently. The whole people of the place set up a shout- 
the Hindoos called on Ranjee, and the faithful uttered long and deep 
prayers to God and his prophet - all were in confusion and amaze¬ 
ment “ when at 11:02 we heard the rumbling of a distant thunder and 
then a shaking and reeling of the ground that was quite fearful, ac¬ 
companied by the noise of falling tiles, accompanied by a loud shout 
from the city which was quite audible here at a distance of a mile. I 
cannot tell you what were my own sensations on feeling the solid 
earth reel as a drunken man. 

From this time till half past twelve we had six severe shocks and 
they continued until six in the morning. The residency is sadly in¬ 
jured - the whole of the upper story is nearly gone. R’s house is 
rendered uninhabitable, and even mine, which is a pucka one of only 
one story, has got some awkward cracks in many parts of it. An ele¬ 
phant house, cook rooms and other small houses are much injured, 
and we want but a few more shocks to bring our houses down. No 
lives have been lost on the residency grounds, but it is otherwise at 
Catmandoo, Patna [Patan/typo] and other towns in the valley. The 
loss of life is not yet ascertained, but they say 25 in the former and 
30 in the latter town. In both towns several houses have been levelled 
with the ground, and a large temple of Juggernauth, which had been 
formerly injured by lightning but was near an immense mass of 
pucka buildings, came down this morning by the run, and presents 
nought now by a mountain of bricks. The houses of many chiefs in 
the city have suffered much, and two pillars, each about 100 ft high, 
built by the minister and his nephew some years since, are now no 
more. The city is at present quite deserted, the Rajah having ordered 
every man to vacate his house and take to the fields for two days. 
Fair ones, who till last night had never seen the light of heaven, save 
through a purdah, were bundled sans ceremonie into the open air, 
and all in all it is a fearful state of things. I trust it is over for the 
present, but we are in doubts, for the last great earthquake here in 
1829 continued for many days, and even at this sitting a slight 
shaking of the ground is perceptible. 

Letters continue to arrive from all parts of the country especially 
from the north and west, giving accounts of the effects of the earth¬ 
quake, some of which seem to have been of most serious character, 
involving destruction of life and property. It does not appear, how¬ 
ever, as far as our information at present extends, that the calamity 


has been so heavy as was a similar visitation in 1829, while in com¬ 
parison with the earthquake in 1762 it has been extremely mild and 
innocuous. On the last occasion the rivers and tanks throughout the 
country were strongly affected-the waters rushing with violence 
and rising in some places ten feet perpendicularly, and continuing in 
agitation for a quarter of an hour at a time. At Dacca 500 people 
were killed, at Chittagong the earth opened in many places, quanti¬ 
ties of water gushed out, great chasms remained unclosed, reports 
underground were heard, and many buildings were thrown down. 
Near Luckipore, a circuit of land, about 15 miles in circumference, 
was swallowed up, and all the inhabitants and cattle perished. Noth¬ 
ing equal to this has occurred till now. 

(The India Gazette, Calcutta, Monday, 9 Sept. 1833, III, 869, 

reprinted from John Bull) 

Katmandoo, 30 Aug. X 

On the 26th at 11 O’clock PM we had a serious shock of an earth¬ 
quake, which is calculated to have destroyed 8000-10,000 houses 
and 600-800 souls in the several towns of the valley, and to have 
done extreme mischief beyond its limits eastward. The direction of 
the motion was NE and SW and its character, undulatory, with a very 
long swell and roll. The great shock was preceded, 5 h earlier, by a 
lesser one, and has been followed by innumerable trivial vibrations 
which have not yet ceased. 

(The India Gazette, Calcutta, Tue., 12 Sept. 1833, III, 872, reprinted 

from the Bengal Hurkaru Wed., 11 Sept. XII(63), New Series) 

Katmandoo, 30 Aug. 

Further accounts have been received from Nepal describing the ter¬ 
rible effects of the Earthquake of August at Lassa, where the de¬ 
struction of lives and buildings has been the greatest. The 
particulars, we understand, will be given in the Journal of the AsT 
atic Society. A late number of the Mofussal Ukhbar has a long article 
on the last earthquake in which reports are given for a great many 
places, showing pretty accurately the extent of its influences. The 
writer concurs with the author of the article in the Journal of Science 
in tracing the seat of the disturbing cause to some unknown spot 
among the Himalayan mountains. A fact is mentioned in the Chupra 
Report which merits the attention of our geologists if true, but w'hich 
we should not hesitate to believe without further details, namely that 
the earth opened, and a chasm of some depth was formed about tw^o 
miles from that place. 

(The India Gazette, Calcutta, Sat, 6 Oct 1833, III, 892, reprinted 

from the Calcutta Courier) 

[Note: The J. Asiatic account is Prinsep’s p. 438 in the August 
edition, and the Mofussal Ukhbar reference may refer to the 14 Sept, 
edition above that may contain more details than printed in the India 
Gazette. The comment about Chupra above refers to the entry in the 
6 Sept. India gazette. III, 867, last paragraph on Chupra. Campbell is 
adamant that no damage occurred at Lhasa, and may have been 
prompted by the above news report to be emphatic about this in the 
November edition of J. Asiatic Soc.] 

Lucknow, 27 Aug. VII 

It may be interesting to your readers to learn that last night (the 26th 
instant) the city of Lucknow was visited by four shocks of an earth¬ 
quake, the first about sunset, the others between 11 and 12 PM. The 
tremulous motion of two of the shocks resembled the motion felt in a 
steam vessel; the rocking caused the beams of the houses to creak, 
the lamps to swing to and fro, and in one house fragments of cornice 
to fall. In the stillness of midnight, superadded to the knowledge that 
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the scourge of Cholera Morbus was now fearfully active throughout 
the city, there was something very awful in the sensation, and as the 
earth rocked and the walls moved, I almost expected to hear the crash 
of some falling building. 

{The India Gazette, Calcutta, Tue., 12 Sept. 1823, 111, 872, reprinted 
from the Mofussal Ukhhar, 31 Aug. 1833) 

Lucknow VII 

On the night of 26 Aug. an earthquake was felt here, some people 
felt several shocks, one about sunset. I felt only the last one, which 
must have been the most severe. It awakened all out of our sleep at 
half past eleven at night and lasted about 2 or 3 min. A servant of 
mine who thought the house was coming down ran across the com¬ 
pound to his own house, and fell down three times on the way, the 
ground shook so much. 

{The India Gazette, Calcutta, Wed., 18 Sept. 1833, III, 877 and in 

Bengal Hurkaru, Fri., 20 Sept.) 

Meerutt V 

Earthquake. Meerutt was visited on the night of Friday last by the 
smart shock of an earthquake. It continued for about 15 s, but was 
not severe enough to do any mischief We have received further ac¬ 
counts of damage done by the late earthquake in the country imme¬ 
diately above Benares. The tract lying between the Ganges and the 
hills seems to have been .most severely visited; details have, however, 
been published in the Calcutta newspapers. 

{The India Gazette, Calcutta, 10 Oct. 1833, HI, 896 and in the Beng. 
Hurkaru and Chronicle Mon., 7 Oct. 5786, Old Series, reprinted 
from Meerutt Observer, 26 Sept.) 

Malda, 4 Oct. 1-833 aftershock V 

We had a severe shock of earthquake yesterday at 08:10, which set 
the punkah swinging and Venetians rattling in a fearful style. Malda, 
5 Oct. 1833. 

{The India Gazette, Calcutta, 10 Oct. 1833, III, 896) 
Monghyr, 27 Aug. 1833 VIII-IX 

Sir, Five shocks of an earthquake were experienced last night and 
this morning at this station. The first one occurred 5 min after sun¬ 
set, the second one at 11:25, the third one at midnight, the fourth and 
the fifth ones at 03:45. 

The second and the third ones were most severe and caused con¬ 
siderable damage to the houses in the town, of which about 34 were 
more or less injured by the falling of balustrade and balconies or 
cracking and separation of the sidewalls and beams. 

Mr. Hamilton’s house suffered severely, and the beams of the ve¬ 
randah all loosened from their sockets in the walls, and many feet of 
plaster cracked and torn off, the walls having been also much shat¬ 
tered. 

At the third shock the inmates of my house all alit and passed the 
rest of the night in a temporary covering made with bamboos and a 
suttringee. The lamps were all extinguished by the trembling of 
the walls, the clocks stopped, and the glasses of the sideboard 
knocked together and made, with the agitation of the Jhilmills and 
rumbling underground which accompanied the earthquake, a fright¬ 
ening noise. 

The direction of the shocks appeared to take was from the NE to 
the SW. This circumstance was manifest from the noise made by the 
natives as the shock passed along. The people continued shouting 
and drumming the whole night, I suppose to propitiate the causes of 
this awful visitation. 
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I am unable to speak with any certainty of the duration of the 
shocks, but from what I have heard and from my own recollection, 
the first one appeared to last about 30 s, the second and the third 
ones about a minute each, after which there appeared to be a trem¬ 
bling motion in the earth for about half an hour, and the glasses in 
the sideboard continued during that time to shake. 

Colonel Bird’s house sustained considerable damage and his fam¬ 
ily was obliged to leave it altogether. They took refuge during the 
night in some tent pitched during the day to be aired. 

Considerable portions of the ramparts of the fort fell down; I ob¬ 
served two places in my mornings ride to the extent of about 20 
yards in breadth and 30 in height. These walls are made of brick and 
mortar cased with stone. I heard that there were two other parts of 
the wall that had been thrown down. 

Mr. Page’s house and Captain Watson’s were also, I heard, much 
damaged. In my own the outer walls on the East and West sides 
cracked in several places, the fissures going quite through the walls. 

There was no particular change in the river that I am aware of, but 
the shocks were distinctly felt by people in boats. One gentleman I 
met this morning said he thought at the time that a violent storm was 
coming on from the agitation of the water and the motion of the boat, 
but finding the true cause from the people on the shore he deemed it 
prudent to leave his boat. 

So general was the consternation caused by this unusual event that 
nearly all the Europeans and other inhabitants of pucka houses resi¬ 
dent in and about the fort left their domiciles and sought refuge in 
the maidan. 

Yesterday was a particularly hot day, and the evening sultry and 
unpleasant. Today we have much the same kind of weather, but the 
horizon is surrounded by heavy lead-coloured clouds, and there is 
lightning in all directions. 

Since the last shock above alluded to, partial and slight tremblings 
of the earth have been experienced the whole day. 

The commissioner’s house, situated on the highest spot at the sta¬ 
tion, did not suffer in the least; the earthquake, however, was se¬ 
verely felt there. Since writing the above another slight shock 
occurred at half past none P.M. Yours faithfully, A Resident. 

{The India Gazette, Calcutta, Thur., 5 Sept. 1833, III, 866, 
reprinted in Bengal Hurkaru and Chronicle XII 
(59, New series), Mon., 9 Sept. 1833) 

Monghyr, 27 Aug. VII 

This station was visited by an awful calamity: a constant succession 
(about 30) of awful shocks from 17;00 yesterday until 08:30 today, 
of which some were so severe as to destroy several fine houses and 
materially injure others. The whole population of Monghyr spent the 
night in the open air, and we much feared that this place is the focus 
of volcanic matter, and that the present is but the forerunner of a still 
more severe visitation. 

{Bengal Hurkaru and Chronicle XI1(58) New series), Thu., 5 Sept. 

1833, reprinted in The India Gazette, Calcutta, 
Fri., 6 Sept., Ill, 867) 

Monghyr, 27 Aug. 1833 VIII-IX 

We were last night visited by one of the most awful calamities that 
has ever been known in this place. A succession of seven shocks of 
earthquake from 17:00 till 08:30 this morning, in which many fine 
houses were injured and some totally destroyed; amongst the latter is 
Mr Graham’s fine house, which was rented on a lease to Lt. Col. 
Bird. It was truly awful to hear the cries of the people and crash of 
houses falling, the ringing of bells, the beating of tom-toms, the 
Musselmans at prayers, and all the populations of Monghyr, of every 
description, out in the open air; the ground every 5 min shaking and 
trembling in a frightful manner. Mr B. and family were obliged to fly 
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for their lives, and come over to mine; several others did the same 
and amidst the horror and dismay of all around we spent the night. 
There were upwards of 25 shocks during the night, and 5 after day 
break. 

{The India Gazette, Calcutta, Mon., 9 Sept. 1833, 111, 869, reprinted 
from Bengal Hurkaru, XII(60), Sat, 7 Sept 1833) 

Monghyr 

A letter from Monghyr mentions that shocks of earthquake were felt 
there up to the 29th ultimo and a letter from Mullye which we pub¬ 
lish shows that they were felt there up to the 31st [August] inclusive. 
We are much obliged to correspondents who have favoured us with 
such accounts. They will doubtless be of use, as has been suggested, 
in preparing a connected statement of all the phenomena. 

I {The India Gazette, Calcutta, Wed., 11 Sept 1833, III, 871) 

Monghyr, 2 Sept.-Mon. 26 Aug. Earthquake VIII 

Several pucka houses in the town sustained injury, and all are more 
or less cracked. I observe that the houses most damaged are those 
that have new buildings attached to the old - the same is the case 
with houses in the fort. I hear that all the clocks at the station 
stopped at the second, or severe shock. 

I {Calcutta Courier, 11 Sept, reprinted in Bombay Courier, 

XLl, 2277) 

Monghyr, 12 Sept. 1833 

You would no doubt be surprised at my last, how much more you 


violent as the great earthquake in 1803. Meteorite at 3 am. Your 
obedient servant. 

{The India Gazette, Calcutta, FrL, 6 Sept 1833, III, 867, reprinted 
in Bengal Hurkaru, XII(60), Sat. 7 Sept 1833) 

Mullye, 30 Aug. 1833 

Since the first night of repeated shocks at Mullye, we have experi¬ 
enced several slighter successions, on each succeeding day and 
night, up to this date. 

{The India Gazette, Calcutta, 1832, Mon., 9 Sept. 1833, III, 869, 
reprinted from the Bengal Hurkaru. Tue. 10 Sept 1833, XII(62), 

New Series) 

Mullye, 1 Sept. 1833 V 

I mentioned that we had no less than 17 shocks of earthquake at this 
station during the night of 26th up to 6 A M. ultimo. In the course of 
that day two other slight ones occurred and two more from 9 to 10 
P.M. On the 28th at 16:15 we had a very smart shock, the vibrations 
of which lasted for about a minute. On the 30th at 11:30 a slight one, 
at 01:00 this morning one shock, at 06:00 another shock. Numerous 
other tremors of the earth have been experienced, but we have be¬ 
come so accustomed to the sensation, that it is difficult to divest 
ourselves from the idea of the shaking, and it is only when assisted 
by the other senses, and that when we perceive the flapping of doors 
and moving of punkahs, etc., that we are satisfied we are not under a 
delusion. 

{The India Gazette, Calcutta, Tue., 10 Sept 1833,111, 870) 


will be astonished to learn that the earthquake mentioned in that has 
not entirely left us, we have had numerous shocks since the first one, 
but of no great magnitude, and perhaps they have added more fear 
than that to real injury, but certain it is that the earth has never been 
for even 5 min perfectly steady since the 26th of last month, and 
from the continued tremulous motion, many are fearful that it will 
end in some dreadful catastrophe. 

{Bengal Hurkaru and Chronicle, Sat, 21 Sept) 
Morshedabad zilla, 30 Aug. 1833 V 

We were visited on the 26th with several smart shocks of earthquake; 
the first one about 19:00 was but slight, but two others about mid¬ 
night, within about 10 min of each other, shook the house, awakened 
the birds and caused the hanging lamps to vibrate for 20 min after - 
so severe was the last shock that I feared the house would be in¬ 
jured. The earth trembled so violently that it was difficult to keep 
one’s leg. The natives in their frail tenements felt it severely for the 
neighbouring villages resound with their ‘Hurribole, Hurribole’. 

{Reprinted in Bengal Hurkaru and Chronicle, XII, 59 New Series, 
^ Mon., 6 Sept. 1833, from John Bull) 

Mullye, 27 Aug. V 

You will doubtless have numerous accounts of the earthquake which 
occurred last night at this station. The first shock, which was very 
slight, took place at 18:30. At 23:15 we had a very severe shock, and 
about 23:45 another one which continued whilst I deliberately 
counted 350, for I had no watch by me to time the shocks; some 
seconds must have also elapsed previous to my commencing count¬ 
ing. From this period until 03:15 we had a succession of slight 
shocks, in all 16 in number, and at 06:00 a seventeenth. They ran in 
a direction from north to south and the vibrations occasioned by the 
second and third were particularly violent, very nearly, if not quite as 
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North Tirhoot (North of Muzaffarpur), 27 Aug. 1833 VIII 

This part of Tirhoot was Visited at 18:00 yesterday by a severe shock 
of an earthquake, which began with a motion from east to west and 
which was repeated at 11 and 12 with double violence continuing 
throughout the night until 6 this morning. The two shocks in the 
middle of the night were most awful, lasting I should think, each 
time, more than a minute. The bungalow in which I reside was vio¬ 
lently shaken, rocking to and fro, the doors and wall shades were 
equally agitated, and the walls were rent in many places. Had the 
successions towards morning been equally violent, I fear my bunga¬ 
low would have been in ruins. 

The walls of my press house and drying house were opened in sev¬ 
eral parts and the water in the reservoir 4 ft deep and 3 ft from the 
surface was so much agitated as to fly over each side. At one time I 
thought all was going to rack and ruin. 

I have been in India for many years, and I have never experienced 
anything half so awful as the shocks during the night. In 1818 
[probably Cutch earthquake 1919] if I remember right, a severe 
shock was felt in Calcutta, but nothing equal to the one of last night. 

{The India Gazette, Calcutta, Mon., 9 Sept. 1833, III, 869) 

Nusseerabad (Nasirabad, 24°26', 90°) I 
‘No mention is made of the earthquake.’ 

{The India Gazette, Calcutta, 26 Sept. 1833, III, 884) 
Patna, 28 Aug. VIII 

But now we have recovered from the horror of the event I have to 
communicate of an earthquake which has alarmed us exceedingly. Its 
first access was 18:30 on the evening of Monday, and I distinctly felt 
the shock, but as I was not supported by any observation of similar 
tendency, I began to think it must have been fancy. About 23:30 I 
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was awakened by a horrid rattling and shocks apparently from east to 
west with a rumbling noise, the servants running into the room in 
great consternation, when the whole truth flashed upon my mind. 
This was the first of two very severe shocks, the last of which oc¬ 
curred at midnight, and the oldest inhabitants here say that a severer 
one they never remembered. It is quite impossible to describe the 
horrors of these two shocks. I have faced a good deal of nature’s 
wildest wrath, the wrath of the ocean and storm and tempest, and in 
both I have seen the hand of God in death - and other visitations, but 
these were indeed ‘the terrors of the Lord’. Several houses at 
Bankipore were cracked by the earthquake, the Magistrate’s Kutch- 
ery being one amongst them, and in the city, the opium godown 
shared the same fate as well as the great gateway built by 
Maharajah Metre Jeyt Sing, while many of the pucka native dwell¬ 
ings have bodily fallen. At Dinapore the former Brigade Major’s 
house was split and also some houses between Patna and Diggah. 

Eighteen shocks were counted by some, but they appeared con¬ 
tinuous. The last one was at 08:00. Almost all the inhabitants left 
their houses during the continuance of the shocks and remained out 
the whole night. 

{The India Gazette, Calcutta, Monday, 9 Sept. 1833, 111, 869, re¬ 
printed from Bengal Hurkaru, XII(60), Sat., 7 Sept. 1833) 

Patna, 27 Aug. 1833 VUI 

Last night at about 23:00 we had a most severe shock of an earth¬ 
quake the like of which I have not witnessed or heard of; it came on 
at four different times, and the shock was so very great that the 
whole of Patna appeared as if floating and a great number of houses 
fell, and various sorts of injury sustained. Rajah Khan Behadoor’s 
Stable fell by which seven of his horses died. 

The outer wall of Captain Elliot’s house was also levelled with the 
ground. Mr E. D’Costa’s house also cracked at several places and a 
few of his wall shades fell to the ground. Many of the gentries 
suffered considerable injury to their property. The alarm was so 
great that the inhabitants left their house and stood out in the com¬ 
pound with their family the best part of the night. The. shock was 
most dreadful and alarming, we expected every moment to be our 
last. 


erally smashed a table and some chairs to pieces: every building 
suffered more or less. A recently vacated upper-roomed house had 
not an arch left; large masses of bricks had fallen out; the roof in 
many places slipped and the beams and burgahs separated by an inch 
or more; the outhouses in this compound became a heap of ruin. 

I am led to infer from the stoppage of a clock and other testimony 
that the undulation came from southward and traversed east. During 
the 3rd and severe shock a heavy rain fell to the south accompanied 
by much wind. I have no time to particularize further. You will be 
glad to hear that no lives were lost, at least, I have heard of none, and 
I trust I shall not. 

(The India Gazette, Calcutta, Fri., 6 Sept. 1833, Ill, 867, reprinted 
from the Bengal Hurkaru and Chronicle 
Xll(58), New Series, Thu., 5 Sept. 1833) 

Purneah, 27 Aug. 1833 VII 

The earthquake seems to have been felt there as elsewhere on the 
night of the 26th: no less than 14 or 15 shocks were experienced- 
two of them which took place between 23:00 and 24:00 were very 
severe, and appear to have done a good deal of injury to several 
houses of the station. 

(Reprinted in Bengal Hurkaru and Chronicle, XII, 59 
New Series, Mon., 6 Sept. 1833, from John Bull) 

Purneah, 11 Oct. 1833 (aftershock) 

The 4th Oct. shock at this place though not severe was sufficiently so 
to be duly appreciated. Upon the testimony of a gentleman whose 
premises lay not 5 miles of the Nepal boundary, and who was at the 
time shooting on his grounds, I learn that immediately anterior to the 
shock, three distinct reports similar to the discharge of heavy artil¬ 
lery were distinctly heard followed by a slight and jerking vibration, 
which instantly assumed an extraordinary undulation, corresponding 
with the rise and fall of a heavy swell at sea... in the villages of Fur- 
keah and Shanore... Yours obediently, A reader. 

(Bengal Hurkaru, and Chronicle, Sat., 16 Oct. Xll(102).) 


(The Bengal Hurkaru and Chronicle, New Series XU, 57, 
New Series, 4 Sept. 1833, Calcutta) 


Purneah, 27 Aug. (now Purnea) IX 

This place I am sorry to say has been visited by several of the sever¬ 
est shocks of earthquake within living memory of the oldest inhabi¬ 
tant. The following is as correct account of it as I was able to 
preserve: 


1st 
2nd 
3rd 
4th 
5 th 
6th 
7th 
8th 
9th 
10th 


shock at 17:30, 26 Aug, 1833, rather slight 


23:00 

severe 

23:18 

most violent 

23:28 

slight 

23:32 

slight 

23:46 

slight 

01:00 

27 Aug. 1833 slight 

03:25 

slight 

05:52 

slight 

08:00 

rather severe 


So great was the undulation that birds of every description were 
driven from their nests, men were scarce able to keep their feet, and 
the cattle running about wild with fright. During this severe shock, 
several old buildings in the town tottered to pieces, and part of one 
of the stations actually partially sank. A heavy cornice of a newly 
erected wall in a gentleman’s bungalow came bodily down and lit¬ 
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Rotas hills, 28 Aug. 1833 IV 

At 23:10 on 26th instant, just about falling asleep, felt my bed 
shaking and the roof the bungalow creaking; an earthquake says I, 
and got out of bed immediately, and entirely out of the house? Not a 
soul near but a chokedar who seemed just to have awoke. I asked him 
if he felt the earthquake shake, he said he thought the house shook, 
but it was owing to wind, of which there was only a light air from the 
NW - a pretty bright moon; this shock lasted not more than a minute 
I believe; went to bed again, and lay watching, when a second rock¬ 
ing came on, and at 23:28 it came on again, sure enough much more 
severe and of much longer duration - I really think of not less than 2 
or 3 min. 1 lay quiet some seconds to be certain it was not the effect 
of fancy, but it became too palpable; the roof of the house was 
creaking, and the lamp swinging 2.5 3 in. each way 

(Bengal Hurkaru and Chronicle, Xll(59), New Series, 

Mon., 6 Sept. 1833) 


Rungpore, 27 Aug. 1833 V 

We had last night three earthquakes. The first a little after sunset, 
very short. The second at half past eleven,, very strong and it lasted 
about thirty seconds or more. The third was still more severe and of 
forty seconds duration. Unlike those in July they began gently and 
went on fearfully increasing to near the end. 

(The India Gazette, Tue., 3 Sept. Ill, 864) 
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Tirhoot (Muzaffarpur region), 5 Sept. 1833 _ IV (?X) 

Then comes the 26th - the awful earthquake of which you no doubt 
ere this had better accounts than I can pretend to give; however, with 
your permission I will state how I felt myself. At 6:30 there was a 
slight shock; again at a quarter past eleven I was aroused from my 
slumbers by a violent shaking of the bed under me, and immediately 
conjectured what was going on, and made a precipitate retreat to the 
maidan fully expecting the house would be down before 1 was out of 
danger. This shock passed over in a short time, I should say it lasted 
a minute, and I again turned in, and was just on the eve of falling 
asleep, when came another edition far more severe than the preced¬ 
ing, which again sent me flying or rather staggering, for I certainly 
found it difficult to retain my gravity. To give you some idea of its 
tremendous force, I will merely mention the circumstances of my 
reservoir which was full, having had the water thrown out to the 
depth of two feet and a half North and South, by the vibration. The 
damage done to the Pucka buildings and bungalows in the district is 
considerable, but no doubt still more so at Patna and such like large 
cities, where the houses are built of frail materials from economy, 
and shew being the chief object without regard to stability. We have 
repeated shocks (slight ones) every day since; a very perceptible one 
yesterday at 3 P.M. and what the end of it all may be a subject of 
speculation. A gentleman on the border of the Nepaul Terrai writes, 
that he expects on getting up some of these mornings to see a splen¬ 
did volcano burning on the top of the mountains. What an addition 
this would be to their already majestic appearance! 

(The India Gazette, Calcutta, 1833, Wed., 18 Sept. 1833, III, 877 
reprinted from the Bengal Hurkaru) 

Tirhoot (Muzaffarpur region) ?IX 

The earthquake was very grand here, and equally so all along the 
Terai, doing great damage of course. Accounts from Nepaul speak of 
it as awfully sublime at Khatmandoo, the earth rocking like a raft on 
a rough sea: houses, temples, wails, all tumbled about and many lives 


were lost. The poor people were driven out for safety into the fields, 
and the shocks continued at long intervals on the 27th, 28th and 
29th. 

(The India Gazette, Calcutta, 26 Sept. 1833, III, 884 
reprinted from Mofussal Ukhhar 14 Sept.) 

Prinsep, H. (ed.) J. Asiatic Soc. of Bengal^ 2, Miscellaneous, IX, 
438-439, August 1833 

Note: Text assembled by the editor (H. Prinsep) from newspaper 
reports and A.C. (= Dr. Archibald Campbell, Assistant Surgeon to 
the British Legation to Kathmandu). The times are given for the 
second shock, not the main shock, and were used by Mallett 1852, 
however, Mallett was unaware of the locations of the Rothas Hills (S. 
of Patna), Bankura (N. of Calcutta) and Mallai. Prinsep cites Mullye 
as Mallai. Campbell indicates the Kathmandu time of the second 
shock as 22:45 which is significantly earlier than times listed from 
other locations. On page 564 of J. Asiatic Soc. the editor revises the 
Kathmandu time difference here entered as 12 min to 51 min to yield 
a Calcutta time of 11:36. 

Earthquake of 26 Aug. IX 

The daily papers have published notices of this phenomenon as ob¬ 
served at a great many places in the interior of India, with more or 
less detail, from which the following general facts may be gathered. 

The direction was from NE to SW: there were three principal 
shocks; the first one at about 18:30, the second one at 23:30 and the 
third one at 23:55 (Calcutta time). In the places where it was most 
felt, slight and continued vibrations seem to have been experienced 
for the whole day following. As the time of the second vibration was 
accurately noted in Calcutta by the stopping of an astronomical 
clock, we may assume that it was the best point of comparison with 
the times noted at other distant points. A few of them may be classi¬ 
fied as follows: 


Observed Diff. Long. Cal. time 
h:m m h:m 


Katmandu, Nipal, second shock 

10:45 

+12 

Rungpur, second shock 

11:20 

-2 

Monghyr, second shock 

11:27 

+7 

Arrah, second shock 

11:15 

+14 

Under Rotas Hills, second shock 

11:10 

+20 

Gorackpur, second shock 

11:20 

+19 

Allahabad (vague) second shock 

11:00 

+28 

Bankura, second shock 

Calcutta, second shock 

1 l.M) 

+4 


10:57 

Very severe, loud noise 

11:18 

Many houses injured, very severe, loud noise 

11:34 

Walls cracked, noise heard 

11:29 

Walls injured 

11:30 


11:39 

Walls cracked, etc. 

11:28? 

Hollow sound from river 

11:34 

None such since 1814 

11:34:48 

No injury done 


At Monghyr, Rungpur, Muzaffarpur, Mallai and other places 
within the direct line of influence, many houses were destroyed or 
injured, and the alarm was great. At Katmandu, the following extract 
of a letter from Dr A Campbell, dated the 28th instant will show that 
the consequences were more serious, and judging by the course of 
the phenomenon we may reasonably fear some dreadful catastrophe 
towards Lassa on the north of the great Himalayan range. 

‘On the evening of the 26th, at about 6 O’clock, the valley and the 
neighbouring hills were visited by a severe shock of an earthquake: it 
lasted about 40 s, and during its continuance, there was a, distinct 
audible noise as of an ordnance passing rapidly over a drawbridge. It 
seemed to come from the east, and 1 felt that it was travelling with 
the speed of lightning towards the west, and just under my feet: the 


houses shook most violently, and trees, shrubs and the smallest 
plants were set in motion, not shaking but waving to and fro from 
their very roots. No damage was done to life or property. At 22:45 
we had a similar shock in brevity and duration, and at 23:00 a most 
tremendous one. It commenced gradually, and increased until the 
houses, trees and everything on the face of the ground seemed 
shaken from their foundations. The earth heaved most fearfully, and 
when the shock was at its worst we heard the clashing of falling tiles 
and bricks in every direction; and to add to the impressiveness of the 
scene, a general shout rose from the people in all directions. The 
murmur of human prayers was carried audibly from the city to our 
grounds (a mile), and nothing could be more imposing and vast than 
the scene. In a dead calm the noise of a hundred cannon burst forth: 
full-grown trees bended in all directions, and houses reeled about 
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like drunken men. In our grounds no lives were lost, but in Kat¬ 
mandu 19 persons were buried under the ruins of their own houses, 
and in the towns of Bhatgaon and Patan, many more. The great shock 
continued for nearly a minute, and during the following hour there 
were six distinct and strong shocks, the ground in the intervals be¬ 
tween scarcely, if at all, steady; and from this time till yesterday 
morning there were upwards of 20 distinct and sharp shocks. The 
loss of property has been Very great, 125 houses fell in Katmandu 
during the night of the 26th, and nearly as many more were levelled 
with the ground. Up to this time, in consequence of the torrents of 
rain that came down, finishing the work of destruction commenced 
by the earthquakes, the city and town have been evacuated; men, 
children, and women of the purdah, rich and poor have been and still 
are oh the plains about the towns. Innumerable temples were de¬ 
stroyed, and the very gods of them were crushed to atoms. A fine and 
large brick temple (100 ft high), built in imitation of the great one at 
Jagarnath, came down by the run early yesterday morning, and two 
fine pillars by Bhim Sen were demolished by the shock. All yester¬ 
day and last night we had occasional small shakes, but none equal to 
the great one we had on the 26th.’ 

A subsequenct note from the same gentleman, dated the 30th in¬ 
stant, gives further particulars of this disastrous event: 

‘We still continue to be visited by occasional shocks of earthquake, 
all less violent than the great one on the 26th, but sufficiently 
alarming. This morning when at breakfast, we had a father sharp one: 
they all seem to come from the same direction; that is from the east 
and north-east. The places east of Katmandu have suffered most: 
Bhatgaon, a large town, has been almost entirely destroyed; upwards 
of 1000 houses have been levelled with the ground, and few have 
escaped serious injury. 300 souls have perished in this town 
(Bhatgaon) alone, and the total number of lives lost throughout the 
valley, as yet ascertained, is estimated at 500. The unfortunate peo¬ 
ple in many instances are in sore distress; their stores of grain being 
buried beneath the ruins of their late dwellings, and without money 
to purchase other food. The grain shops as well as all others are shut, 
and the people dare not return to their houses but remain without 
sleep or shelter in the open air, under torrents of rain. The house of 
Matabar Sing (a goodly modern mansion) is quite destroyed, and the 
large garden houses of Bhim Sen and his brother Rau Bir are ren¬ 
dered, for the present, untenable. Scarce a large house in Kathmandu 
has escaped injury. The fort at Chisopani, on the road to this from 


the plains, is much injured, and almost all the Government buildings 
have sustained great injury.’ - A. C. 

Campbell, A., J. Asiatic Soc. Bengal^ 2, 564-565, 

November 1833 

IL Account of the earthquake at Kathmandu. By A. Campbell, Esq. 
Assistant Surgeon, attached to the Residency. 

On 26 Aug. last, at about 18:00, a smart shock of an earthquake was 
experienced throughout the valley and the neighbouring hills, west¬ 
ward in the valley of Nayakot and Duny Byas, eastward at Panouti, 
Baneppa, Dulkele and Pholam Chok, and southward at Chitlong, 
Chisagarhy, Etounda and Bissoulea. The shock was preceded by a 
rumbling sound to the eastward. The motion was undulatory, as of a 
large raft floating on the ocean, and the direction of the swell was 
from NE towards the SW. The shock lasted about 1 min. At 22:45 
(Footnote: Not by chronometer, but by a good-doing clock which 
stopped during the great shock. Its pendulum vibrated north and 
south. [If the clock was set by the sun, the shock must have been 
51 min earlier than Calcutta. - Ed.]) of the same day another shock 
of equal duration and of the same character occurred, and at 22:58, a 
third and most violent one commenced: at first it was gentle rocking 
motion of the earth, accompanied by a slight rumbling noise; soon, 
however, it increased to a fearful degree, the earth behaved as a ship 
at sea, the trees waved from their roots, and houses moved to and fro 
far from the perpendicular. Horses and other cattle, terrified, broke 
from their stalls, and it was difficult to walk without staggering as a 
landsman does on ship board. This shock lasted about 3 min in its 
fullest force. And the following is as correct an estimate as can be 
ascertained (without official documents) of the damage done by it to 
life and property throughout the great valley and neighbouring dis¬ 
tricts of Nipal. It is believed that the first two shocks were harmless.’ 

[Dr. CampbelTs subsequent letters inform us that there have been 
frequent shocks of less violence since the above, many of which (on 
the 4 and 18 Oct. particularly) were felt at Calcutta, Monghyr, Chit¬ 
tagong, Allahabad and Jabalpur nearly simultaneously. On the 26th 
(Sept.), he writes, ‘At 10:45 a sharp shock of the dangerous or undu¬ 
lating kind occurred. The embassy has returned from China, and I am 
informed that the great shock was not felt in Lassa, so that it would 
appear to have been confined to India within the Himalaya.’ - 
Ed.] 


Number of lives lost and buildings destroyed 

Named location 

Inferred location 

Killed 

Wounded 

Houses 

British Residency grounds 


0 

0 

1 

Kathmandu 


60 

38 

400 


Two pillars built by the minister, each upwards of 100 ft high, the large temple of Jagarnath, built by Ran Bahadur, after 
seven years of labour, and about a dozen temples were destroyed. The modem built garden houses of several members of ^ 
the minister’s family have been rendered untennantable, one of them, a handsome and ornamental edifice, came to the 
ground. 

South of the Capital 


124 


Patan 

Patan 

27^39', 85'’19' 

6 

25 

‘285 

Sanagaon 

Sanagau 

27°38', 85'‘22' 

0 

0 

40 

Harra Sidhi 

Harisiddhi 

irsr, 85*^21' 

0 

0 

20 

Teshu gaon 



0 

0 

25 

Selli gaon 



0 

0 

16 

Pagah 

Panga 

27°39',85M6' 

0 

0 

24 

Kuknah 

Khokna 

27°37.5,'85°18' 

1 

0 

130 

Baghmati 

Bungamati 

.27^37', 85^^18' 

0 

0 

80 


contd ... 
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A crack in the ground of 20 ft in length was observed at this village on the morning of the 27th; the entire number of 
houses in it was 206, more than a third of the whole were destroyed, and about 100 men [more?] were much damaged. 
The injury sustained here is probably greater than in any other part not to the east of Kathmandu. 


Phurphing 

Pharphing 

27°36.5', 85°16' 

0 

0 

8 

Chappa gaon 

Capagau 

27°36', 85°19' 

0 

0 

35 

Peang 

Pyanggau 

27°35', 85°19.5' 

0 

0 

8 

Taibu 

Thaiba 

27°36.5', 85°2r 

0 

0 

18 

Bara gaon 

Baregau 

27°36', 85°21.3' 

0 

0 

35 

Bali 



0 

0 

3 

Pahon 



0 

0 

3 

Sassanelly 

Sisneri? 

27°37', 85°24' 

0 

0 

2 

Lubu 

Lubhu 

27°37', 85°22.5' 

0 

0 

25 

Sana 

Sanagau 

27°38', 85°22' 

0 

0 

7 

Hills about Sassanelly 


27°35', 85°24' 

0 

0 

20 

East of Kathmandu in the valley 





Deo Patan 

Deupatan 





Temple of Paspatnath escaped unhurt 





Handi gaon 



0 

0 

20 

Nag Desa 

Nakdes 

27°40.5', 85°23' 

4 

0 

20 

Bareh 

Bore 

27°4r, 85°23' 

5 

0 

20 

Temi 

Thimi 

27°40', 85°23' 

0 

0 

150 

Gou Karan 

Gokarna 

27°44', 85°24' 

0 

0 

8 

Changu A fine old temple destroyed. 


0 

0 

20 

Sankhu 

Sakhu 

27°43', 85°28' 

20 

5 

45 

A handsome temple of Mahadei, situated on a hill above Sankhu, was reduced nearly to ruins. 



Bhat gaon 

Baktipur 

27°39', 85°26' 

200 

104 

2000 

(Total number of houses 

in Bhat gaon is reckoned by Mr Hodgson at 4700, 3/4th of the town was said to be destroyed. 

2000 being the average of many accounts, 6 or 8 fine temples were destroyed and a statue of Rajah Ranjit Mall, one of the 

Newar Princes of the Bhat gaon division of the valley.) 




East of Kathmandu beyond the valley but nearby 





Sangu 

Sanga 

27°38', 85°29' 

2 

0 

8 

Baneppa 

Banepa 

27°3r, 85°32' 

10 

0 

20 

Nala gaon 

Nala 


6 

0 

11 

Panouti 

Panauti 

27°34', 85°31.5' 

18 

0 

19 

Dukele 

Dhulikhel 

27°3r, 85°35' 

10 

0 

21 

Phulam Chock (a fine temple destroyed here) 

?Palanchock 

60 

0 

300 

NE of the valley 






Dhulaka 

Dolacka 

86. 1°, 27.7' 




Listi gaon 

Listikot 

85.954°, 27.89' 

0 

0 

0 


Mundun Pahar, Kassa (Darm = Khasa, 85.95°27.00'), Kuti. In this direction the earthquake was much more severely felt. 
Kuti, a town on the Bhote frontier on the road to Lassa, is said to have been nearly destroyed, it contained 600 houses, 
only 50 of which remain. At Listi gaon (?Listikot), also on the Bhote frontier, a large portion of hill came down, and an 
iron bridge was destroyed. At Kan Sing Choke (?Choksum 86.00°28.07'), in the same direction, vulgar report says, that 
for 5 days before the earthquake took place, noises similar to the firing of cannons were heard as if underground; and in 
this neighbourhood the high road to Lhasa is said in many places to be blocked up by the fallen earth from the mountains. 
Shipa ~ the country residence of Colonel Runbir Sinh, 20 miles from Kathmandu on the Lhasa road, by the Kuti Pass, was 
seriously injured. Many small houses attached were destroyed and several lives lost. 

West of Kathmandu 

Swambunath Swayanbhunath 27°42.3^, 85° 17' 0 0 3 

One small temple was destroyed, and the large one a little injured. The form of the large one must have preserved it. It is 
the chief buddhist temple in the valley, built in the fashion of that religion - an immense circular mound of brick work, 
surmounted by a four-sided spire or jweet. 

HalChok Dahacok 85°27', 27.72° 0 0 3 

Narod Devi 0 0 1 

contd.i. 
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Changu Narayan 

Goorkha Cantonment or Campoo (House of the Captain much injured) 


0 ■ 0 2 

0 0 4 


Kirtipur 


Kirtipur 


27°40', 85*^16.5' 


0 .0 14 


Contains 532 houses, and is built along the ridge and brow of a hill 3900 ft higher than the surrounding part of the valley. 
Its tenements are old and frail. 


Thankote 

Thankot 

27°41', 85^12.5' 

West of Kathmandu \alley 

Duny byass neighbouring hills 
Tewanpur 


10 

Nayakoth 

Nuwakot 


North of Kathmandu 

Dharmtuli 

Hukin gaon 

Dharamtali 

27°45.5', 85°I8' 

Toka gaon 

Tocka 

27*^45.5', 85°20' 

Burba Nil Kanth 

B urban i kanth 

27^46', 85°21.5' 

Chapaly 

Capali 

27°45.5', 85°21.5- 

Dharmpur 

Dharmapur 

27°44.5', 85°20.5' 

South of the valley 

Chitlong 

Chitllong 

27^^40', 85° 11' 

Chisapani 

Chisapani 

27°32', 85° 10' 


0 0 23 


0 40 

0-0 10 
0 0 3 


0 0 2 

0 0 1 

0 0 15 

0 0 2 

0 0 7 

0 0 20 


0 0 14 

0 0 0 


The fort here was much injured: a large portion of breastwork facing the south had fallen, and the wall in many other 
places, although not fallen, was seriously injured. 

Mukwanpur Mukwanpur 27°25', 85®09" 0 0 0 


The fort here has also suffered, but in much less degree than the fort at Chisapani. 


Total 


414 172 4040 


The above shows that the earthquake was much more severe to the 
north and east of the valley than here; and that even within the valley 
it was much more violent to the east of Kathmandu than at the capi¬ 
tal itself, or other places to the west of it. The town of Bhat gaon is 
not more than 8 miles in a straight line from Kathmandu, and even 
there its violence must have greatly exceeded what it was at the latter 
place. To account for the immense disproportion in the loss of life 
and property at both the places, something may be allowed for the 
more frail state of the buildings at Bhat gaon; but this is not suffi¬ 
cient, and this circumstance must be considered as inexplicable as 
most others attending this fearful phenomenon. The brahmans of 
Nipal say (and it is believed with truth) that the occurrence of a more 
violent earthquake than this is recorded in their histories. It was 
about 600 years ago, and then the cities of Mangah, Patan and im- 
mumerable other towns were utterly destroyed and thousands of their 
inhabitants killed: the modern capital Kathmandu did not then exist. 

Campbell, A,, Further particulars of the earthquake in Nepal. J. 
Asiatic Soc, Bengal^ VI, 636-639, December 1833 

In pursuance of the attempt made before to note the destructive ef¬ 
fects of the earthquake of 26 Aug. last throughout the valley of Nepal 
and its immediate neighbourhood, and with the hope of showing as 
correctly as my information will permit the probable seat or centre of 
this commotion, I beg to offer the following memoranda of other 
places at which the shock was experienced, as well as its compara¬ 
tive degree of intensity at each. 

The means of estimating the violence of this phenomenon are, of 
course, most defective, if not wholly inadequate to the purpose: but 


in the absence of better data, the ascertained amount of damage done 
to the frail and perishable works of man may be received as an index 
of its intensity at one place, compared with that of another, and in 
conformity to this mode it would appear that the most extreme vio¬ 
lence of the shock, as far its occurrence is yet known, was expended 
in the tract of country extending from this side of the great Himalaya 
range on the north to the course of the Ganges on the south, and from 
the Arun river (in the Nepal hills) on the east to the eastern branches 
of the Trisul Ganga on the west, comprising a space of about 200 
miles from north to south and 150 miles from east to west. In this 
space, the valley of Nepal, though not geographically the centre 
point, is most assuredly the portion that has suffered the greatest 
violence of the calamity; and unless the inexplicable producing 
causes have been expended in the frequent and severe shocks that 
have to this day continued to recur, we may from our,experience of 
the progress of the earthquake in other parts of the world, with rea¬ 
son, as we ought with resignation, look forward to further and more 
violent exhibitions of the same terrible nature. 

In the notice of the earthquake by the secretary of the Asiatic So¬ 
ciety, in his journal for August, he expressed a belief that the great¬ 
est intensity of the shock would be found to have occurred beyond 
the Himalaya, in the direction of Lassa; and judging from the direc¬ 
tion from which the shock would be found to have proceeded and its 
intensity in the valley of Nepal, such was the probability, though 
other has turned out to be fact, and that upon good authority. 

The recent return of an embassy from Nepal to the court of the 
celestial emperor has furnished authentic information on this subject, 
which otherwise might have been long wanting; and the hole tenor of 
it shows that the great Himalayan range itself and the country on this 
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side of it alone was the theatre of the earthquake’s presence, and that 
it was not even in the slightest degree felt beyond a very short dis¬ 
tance on the Tibetan side of those huge mountains. 

The embassy was at Lassa on 26 Aug., when and where the shock 
was not experienced. At Digarchi, in the following month, it first 
received accounts of its occurrence from Nepal; to the inhabitants of 
that place the circumstance was known only from reports brought 
from this side of the mountains; along the road from Digarchi, the 
answer to all inquiries was the same. ‘No earthquake on 26 Aug.’, 
and not until its arrival at Tingri was it found that the shock had 
been felt. Tingri is a small Chinese post, immediately beyond the 
great Himalaya, and the first stage on the tableland (as it is called) of 
Tibet, going from hence to Lassa (by the Kuti or eastern pass from 
the Valley of Nepal). From Tingri to Kirung, a distance of 8 or 10 
marches, the route is nearly due west, running along; and through the 
northern side of the Himalaya, and throughout this tract, though but 
thinly inhabited, authentic reports of the occurrence of the shock 
were received. By Kirung (the eastern pass from the valley into 
Bhote), the mission penetrated the great range, and at each stage 
(four in number through the pass) intelligence of the occurrence was 
communicated ■ by the few individuals who inhabit that wild and 
sterile region. But such information was not required, as its effects 
were sufficiently manifest: in the village of Kirung itself, supposed 
to contain 400 houses, 60 were fairly demolished and many more 
seriously injured: two men had been killed under the ruins of their 
houses, and about a dozen injured. 

From the exit of the pass to Kathmandu there are no towrLS along 
the route, and scarcely any villages; but at many places, insulated 


Aug. 26 
Aug. 27 
Aug. 28 
Aug. 30 
Aug. 31 
Sept. 1-11 
Oct. 4 
Oct. 18 
Oct. 26 
Nov. 8 
Nov. 16 
Nov. 26 


(?isolated) houses of the mountaineers had been thrown down, and 
the precipitous banks of hills and mountains had been hurled into the 
subjacent valleys. 

This shows the extent of damage done towards the north, and en¬ 
ables us to fix the line of Tingri (Lat. 28°) as the northern limit of 
the earthquakes presence, and reports would show that of Jabalpur 
and Calcutta to have been the southern one. Rangpur defines the east 
(footnote from editor - Mr Walters informs me that it was also felt at 
Chittagong), and Delhi the west. 

Northeast from Kathmandu as far as Duika and Kuti, the violence 
would seem to have been greater than in the valley. West from 
Kathmandu it diminished at every step. At Gorkha, only two houses 
were destroyed; at Palpa, none; and at Doti, on the borders of Ku- 
maon, the shock was felt, but by no means severely. It will strike 
everyone as remarkable that, while here the shock was more violent 
than elsewhere, its effects should not have been felt equally at as 
great a distance from hence to the north as to the south, 

I subjoin an accurate register of the shocks which have occurred 
up to this date, given to me by Captain Robinson. Many of them 
have been severe, and throughout the whole course of these visita¬ 
tions, there have been two distinct varieties observed in the charac¬ 
ters of the shocks, all those at the commencement were undulatory or 
swinging kind; the others wanted this swell, and were a violent up 
and down shaking with little vertical motion. The first may be called 
horizontal, the latter the vertical, variety. The former alone have been 
destructive to property, while the latter, from the greater noise by 
which they are accompanied, and the more rapid oscillations of the 
ground, are perhaps more terrifying. 


Register of earthquakes at Kathmandu, from 26 Aug. to 26 Nov. 1833 inclusive 

17:55, 22:50, 22:58, duration 3 min, nine others, all horizontal 
04:53, 05:20, 05:26, horizontal 
07:25, 16:55, horizontal 
09:00 and 3 other shocks 
2 slight during the night 
10 slight shocks 
07:30, Smart vertical shock, 1 

13:15, severe, vertical, duration I min, felt slightly at Allahabad 
10:37, slight 
01:35, slight 
24:00, slight 

23:45, severe, vertical I min duration (occurring at the full moon) 


min duration, felt at Gorackpur and Allahabad 
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Correction 

Is there dimorphism for style lengths 
in monoecious figs? 

Prarthana Kathuria, K. N. Ganeshaiah, 

R. Uma Shaanker and R. Vasudeva 

[Curr. Sci., 1995, 68, 1047-1049] 

A recent change in the taxonomic position of the 
Eupristina (Parapristina) was brought to our notice by 
Dr U. C. Abdurahiman following the publication of our 
paper. The generic position of this pollinator wasp spe¬ 
cies has been recently shifted and hence on page 1047, 
Table 1, Waterstoniella keralensis (Abdurahiman and 
Priyadarsan) should read Eupristina {Parapristina) 
keralensis (Abdurahiman and Priyadarsan). Also, F. 
tsjahela should read F. talboti. 


Erratum 

The Great Bengal Cyclone of 
1737 - An enquiry into the legend 

A. K. Sen Sarma 

[Curr. Sci., 1995, 68, 114-117] 

The subtitle of the article, name and initials of the 
author were incorrectly printed in the Contents Page of 
the Journal. The correct subtitle, name and initials 
should read: 

The Great Bengal Cyclone of 1737 - An enquiry 
into the legend 

A. K. Sen Sarma 
B-7/175, Kalyani 
West Bengal 741 235, India 
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How fast is ultrafast chemistry? 


Biman Bagchi 

Solid State and Structural Chemistry Unit, Indian Institute of Science, Bangalore 560 012, India 


The field of ultrafast chemistry has seen a string of 
remarkable discoveries in the recent years. In this 
article we briefly discuss some of the problems solved 
recently. The understanding that has emerged from 
these studies has important consequences not only in 
chemistry but also in diverse biological processes. 

How fast is the response of a liquid to a given perturba¬ 
tion? The answer, of course, depends not only on the 
nature of the liquid but also on the nature of the pertur¬ 
bation itself. If the perturbation is slow, such as the 
shearing force on a liquid, then the response, the flow of 
the liquid, is also slow. And, if the perturbation is fast 
then the response is also fast. The question that a chem¬ 
ist has always asked is: How fast can this response be? 
What determines the limit? To a chemist, this question 
is not an idle one, but is profoundly related to the un¬ 
derstanding of the effects of the solvent on the various 
chemical reactions^"^^ - we shall give examples later. 
And as the way we understand things now, the answer is 
also important to many biological reactions. Thus, we 
can formulate the question more precisely now: How 
fast is the response of chemically (and biologically) im¬ 
portant solvents to various elementary chemical events 
that lead to much of the natural change around us? 

The quest for the answer to the above question has 
occupied generations of chemists and finally the answer 
is beginning to take shape, thanks to some remarkable 
developments in this area in the last 3-5 years. For ex¬ 
ample, it was only very recently that the solvation dy¬ 
namics of an ion in liquid water could be measured for 
the first time^^-the dominant time constant is only 
about 50 fs (1 fs = 10"^^ s)! No one had imagined that 
dynamics in water could be so fast. The importance of 
this particular experiment is that the dynamics was 
measured directly in the time domain. In fact, several 
such remarkable results have been obtained in the recent 
years. In the process many old ideas and notions have 
been found to be inadequate while new ones are still 
being tested. The objective of this article is to convey to 
the reader at least a part of the excitement of the field of 
ultrafast chemical dynamics. 

There are many chemical reactions that occur at a 
great rate. It is only after the availability of ultrashort 
laser pulses and after the perfection of the associated 
detection techniques that study of these processes be¬ 
came possible. Figure 1 shows the evolution of time 
scales in the order they became available and a few ex¬ 


amples of the dynamical processes which could be 
studied with the available time scales. It is important to 
realize that the underlying physical and chemical phe¬ 
nomena in different time scales are often profoundly 
different. In many cases the availability of shorter time 
scales meant more accurate measurement than was hith¬ 
erto possible, often leading to new understanding. In 
some other cases completely new phenomena could be 
studied. 

A key question in discussions on ultrafast processes is 
the limitation of the time scales posed by the Heisenberg 
uncertainty principle. When the time scales touch 
the femtosecond domain (the right bottom corner of 
Figure 1), then this certainly becomes a valid question. 
If we consider a relaxation that occurs with a time con¬ 
stant of 10 fs, then a quick calculation shows that the 
uncertainty principle imposes the limit that the minimum 
uncertainty in the frequency is 5 x 10^^ Hz or, equiva¬ 
lently, 125 cm“^ Thus, the uncertainty principle may 
make studies of vibrational relaxation irrelevant in some 
cases. However, the chemical processes that involve 
electronic relaxation will not be affected. There are, 


Evolution of time Scales 



Year 


Figure 1. A schematic illustration of the evolution of time scales, 
where the experimentally accessible time constants of chemical proc¬ 
esses are plotted against the years they became available. The three 
chemical relaxations discussed here, namely, isomerization dynam¬ 
ics, electron transfer reactions and solvation dynamics, are also 
shown in the same figure, approximately indicating the time when 
their modern studies became possible. 
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starting point for the nonexpert. Boxes highlight the mate¬ 
rial expanding points briefly considered in the main text. 




dUS) ^ 

c* (2) 

^ ^ 8 «> 



Figure 2. A schematic illustration of physical processes that accom¬ 
pany solvation dynamics and give rise to the time-dependent fluores¬ 
cence Stokes shift (TDFSS). The state marked (1) is the unchanged, 
nonpolar state in equilibrium with the solvent Optical excitation 
drives the system to the nonequilibrium state (2), where the solvent 
is still in the Franck-Condon state of the ground nonpolar molecule. 
Subsequent solvent reorganization leads to the stabilization (that is, 
solvation) of the polar molecule. As the system relaxes, the fluores¬ 
cence from the solute shifts to the longer wavelength (that is, the 
spectrum gets red-shifted). The time dependence of this Stokes shift 
can be measured in experiments. 


however, several other practical difficulties which make 
reliable study in the time scales below 20 fs difficult, at 
least at present. However, there may be interesting 
chemistry even in such short time scales. For example, 
the initial part of electron solvation dynamics after two- 
photon ionization of water molecules in liquid water 
occurs in times less than even 10 fs. During this time, 
the important process of the dephasing of the electronic 
wave function is virtually complete. It is not yet clear as 
to how to measure such processes. 

In this review, we shall briefly touch upon a few of the 
chemical processes which have been studied intensely in 
the last few years. The examples are chosen from the 
author’s own experience in the field, so they are not ex¬ 
haustive. Also, the emphasis is entirely on the phenom¬ 
ena and their understanding - technical details (both 
experimental and theoretical) will be omitted. The list of 
references is not exhaustive. There are several reviews 
and books^’ that have appeared in the last 5-6 years 
which contain the details and, in addition, provide useful 
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Solvation dynamics in dipolar liquids 


The study of solvation of chemical and biological mole¬ 
cules is as old as chemistry and biology. Very few peo¬ 
ple, therefore, expected solvation dynamics to occupy 
the centre stage in ultrafast chemical dynamics. How¬ 
ever, things turned out differently for various reasons. 
First, polar dye molecules serve as excellent probes in 
the study of solvation dynamics as these molecules have 
large polar stabilization energy in the excited state. This 
is because these dye molecules, upon excitation, often 
undergo a large increase in the dipole moment, or 
sometimes may even photoionize. Therefore, optical 
excitation prepares the molecule in the Frank-Condon 
state, which is of much higher energy than the minimum 
of the potential energy in the excited-state surface. This 
situation is shown in Figure 2. Subsequent to excitation, 
the solvent molecules rearrange and reorient to stabilize 
the new charge distribution in the excited state. The re¬ 
sultant change in energy is the solvation energy, which, 
as already mentioned, may be several electron volts. The 
second reason for the choice of dye molecules as suit¬ 
able probes is that they often have easily detectable 
fluorescence with long life times, so one can easily 
study the time dependence of the Stokes shift of this 
fluorescence as the solvation energy of the dye mole¬ 
cules evolves. This time dependence is described by the 
solvation time correlation function, which is defined as^^ 


— '^solv (0 ^solv 


( 1 ) 


where ^soiv(0 is the solvation energy of the newly cre¬ 
ated ion at time t. This function is defined such that it 



Figure 3. The solvation dynamics in liquid water. The black dots 
denote the experimental result'*, while the solid line is the theoreti¬ 
cal prediction^"*. Note that the initial ultrafast part is over within 
100 fs. For details, see the relevant references. 
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Box 1. 

In the experiment done by Jimnez ef a 
CoLimarin 343 dye (sodium salt, 10"^ M), in 
water, is excited with an ultrashort optical pulse. 
The evolution of the fluorescence spectrum of 
the Coumarin 343 anion (Figure B1.1 a) has 
been studied to follow the solvation dynamics of 
the anion. The atom-centred charges in the 
ground state and in the excited state, after exci¬ 
tation by optical pulse, are shown below in 
Figures B1.1 band c, respectively. 



(b) (c) 

The volume of each sphere is proportional to 
the charge on that atom and black denotes the 


negative charge. After excitation, the resultant 
fluorescence is resolved by a time-variable gate 
based on frequency-summing the fluorescence 
with a second ultrashort laser pulse (details 
given in the experimental section). As the sol¬ 
vent relaxation proceeds, there is a continuous 
shift of the emission spectrum towards the red 
end. The change in the peak frequency with time 
can be deterrnined from these data. Thus, by 
observing the peak of the fluorescence spec¬ 
trum at times t, zero and infinity, one can moni¬ 
tor the solvation dynamics of the anion and 
construct the solvation time correlation function 
S{t) [vide equation (1)]. In the experiment a co¬ 
herent' Mira mode-locked Ti:sapphire laser has 
been used. The laser was operating at 850 nm. 
The second harmonic (425 nm), generated in a 
beta barium borate crystal, was used to excite 
Coumarin 343 (flowing in a quartz cell). The 
850 nm light has been used to gate the fluores¬ 
cence by mixing the fluorescence emission in 
another beta barium borate crystal. The cross¬ 
correlation of the two pulses (425 nm and 
850 nm) was measured to be 100-110 fs (full 
width at half maximum). The intensity of the sum 
frequency has been measured as a function of 
'the time delay between the two pulses. By an¬ 
gle-tuning the mixing crystal, emission decays 
were collected at certain intervals. The femto¬ 
second fluorescence upconversion data ob¬ 
tained at a range of wavelenghts as a function of 
delay time has been plotted. These data can be 
used to construct a set of time-resolved emis¬ 
sion spectra. The S{t) can then be calculated 
from the set of spectra as discussed above. 




decays from unity to zero as the solvation proceeds from 
/ = 0 to / = oo. The solvation dynamics is reflected in the 
red shift of the fluorescence spectrum and this experi¬ 
mental procedure is known as time-dependent fluores¬ 
cence Stokes shift (TDFSS). One may expect that 
TDFSS will strongly depend on the nature of the solute 
probe, which can complicate the study of solvation 
dynamics. Fortunately, one finds that S{t) is largely 
probe-independent, for reasons which are only partly 
understood, to be discussed later. The second reason for 
the great interest in solvation dynamics was the realiza¬ 
tion that it can significantly influence many chemical 
reactions, especially electron and proton transfers in 
polar liquids. Yet another reason is that the standard 
continuum model theories predicted that S(i) would de¬ 
cay at a rate much faster than the rotational (and, of 
course, translational) relaxation. Thus, for water it 
predicted that the decay time would be about 250 fs 


(refs. 3, 13), which was startling even in the late 
eighties. 

Over the last decade, S(t} has been measured for a 
large number of polar molecules in different solvents. In 
the first phase (1986-1990), the experiments were done 
with time resolution only in the picosecond range. The 
solvation time correlation function was found to be non¬ 
exponential and differed from the predictions of the 
continuum models. During this period, an old comment 
of Onsager'^* became the topic of much discussion and 
we briefly discuss it here as it gave rise to interesting 
physics. In the Banff Conference on the ‘Solvated Elec¬ 
tron’ in 1976, Onsager made the interesting comment 
that the polarization structure of an electron should form 
from outside in. That is, the molecules far from the 
electron should rearrange first, while the nearest- 
neighbour molecules relax the last. This suggestion 
came to be known as Onsager’s ‘inverse-snowball 
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Box 2. 

The theory of solvation dynamics has undergone 
rapid development in the last few years to keep 
pace with the experiments. The most successful 
of the theories assume a linear response of the 
dipolar liquid- Under this assumption, the non- 
equilibrium response function S{t) (defined by 
equation (1) of the text) is equal to the equilib¬ 
rium solvation-energy-energy time correlation 
function, CgElf), defined by 


CiS'jjCO' 


(^solv (^) -^soiv (^)) 
(^sofvW -^solvi®)) 


(B2.1) 


This assumption leads to the simplification that 
one needs to consider only an equilibrium time 
correlation function, which is simpler to deal 
with. The microscopic calculation of CggCf) is 
somewhat involved and the details are beyond 
the scope of this review. However, if one as¬ 
sumes that the main component of the solvation 
energy of an ion is the interaction between the 
bare electric field of the ion and the dipolar 
molecules of the liquid, then the final expression 
is simple and is given by^'^® 




Ja ^ f(t!z)] 


(B2.2) 


where e(k, z) is the wavevector (k) and fre¬ 
quency ( 2 ) dependent dielectric function and 
£{k) = £{k, 2 = 0} is the static dleiectric function. 

is a cut-off distance due to the short-range 
nature of the repulsive interactions, 2 is the 


(Laplace) frequency and denotes the 

Laplace inversion with respect to the frequency 
2 . The standard dielectric constant is 
£o = £(k=:0, 2 = 0 ). The above elegant expres¬ 
sion has many satisfying features, one of them 
is that one recovers the well-known continuum 
model result simply by replacing e{k, 2 ) by 
e(k =5 0, 2 ); the latter is the frequency-dependent 
dielectric function (z) measured in macroscopic 
experiments. The calculation of the wavevector- 
and frequency-dependent dielectric function 
forms the crux of the problern. This dielectric 
function e(k, 2 ) can be shown to be given by the 
following expression”"' 


1- 


e{k, z) 


1 - 


e{k) jz-i' £{k, 


z)’ 


(B2.3) 


where S{k, 2 ) is a generalized rate. This general¬ 
ized rate derives contribution both from the rota¬ 
tional and the translational motions of the 
solvent molecules and also depends on the ori¬ 
entational pair correlation functions of the dipo¬ 
lar liquid. An important aspect of this rate is that 
in the absence of the translational contribution, it 
gives a smaller rate at intermediate wavevectors 
than at smali values of k. This seems to agree 
with Onsager’s 'inverse-snowball model’ dis¬ 
cussed in the text. However, when the transla¬ 
tional component is efficient, then the complete 
reverse occurs, leading to the breakdown of the 
‘inverse-snowball model’. This theory has been 
applied to study solvation in many dipolar liq¬ 
uids. In Figure 3 the prediction of this theory has 
been compared with the experiments of Jimnez 
etaV^ Note that the agreement is nearly perfect. 


picture’. This also suggests that the solvation energy 
relaxation would be intrinsically nonexponential, as 
many, length-dependent, time scales are involved. Initial 
theoretical studiessupported this picture. However, it 
was argued later that the contribution of solvent transla¬ 
tional modes may lead to the breakdown of the inverse- 
snowball picture^^. More recently, it has been argued 
again that the Onsager picture may after all be correct 
for electron, but not for ions^^’ The latest suggestion 
is that the electron being a very light particle will travel 
a long distance before it settles down in an existing trap. 
The dipolar molecules further from the electron can re¬ 
lax but the ones close to it must wait^^. 

The most exciting experimental work on solvation dy¬ 
namics has, however, taken place in the last 3 years only 
and the results will have far-reaching consequences. We 
shall refer to this period as the second phase. This 


started with the work on solvation of a dye, LDS-50, in 
acetonitrile reported from Fleming’s laboratory at the 
University of ChicagoThis landmark experiment 
showed that solvation dynamics is biphasic with an ul¬ 
trafast Gaussian component which decays with 80% of 
the total solvation energy within 200 fs. This is followed 
by a slow exponential-like decay with time constant of 
about 1 ps. This result was found to be in agreement 
with both computer simulation^^’and theoretical 
studies. However, the most interesting study, reported 
only last year, again from Fleming’s group, is the solva¬ 
tion dynamics in water^^ (Box 1). As mentioned earlier, 
the results were remarkable. The solvation was found to 
be again biphasic. The initial Gaussian component de¬ 
cays with a time constant of less than 54 fs while the 
long time decay component can be described as a biex¬ 
ponential with time constants equal to 126 fs and 880 fs. 
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Figure 3 shows the solvation time correlation function in 
water. What is also interesting is the agreement of the 
long-time components with the earlier experimental re¬ 
sults of Barbara and Jarzeba^, who could not detect the 
ultrafast component because of limited time resolution. 
The solvation time correlation in methanol also contains 
an ultrafast Gaussian component with a time constant of 
about 70 fs. However, the relative weight of this part is 
somewhat less (about 30%) although still significant. 

What is the origin of such ultrafast solvation in water, 
acetonitrile and methanol? These three liquids are quite 
different from each other and it is instructive to compare 
their dynamical features before we comment on the 
physical origin. Water, because of its small molecular 
weight and the extensive hydrogen bond network, has 
well-defined high-frequency vibrational modes. How¬ 
ever, the single-particle orientation of water molecules 
is rather slow, with a correlation time of about 9 ps, due 
to the same hydrogen bonding. Acetonitrile, on the other 
hand, has fewer high-frequency vibrations, but orients 
very fast, with a correlation time of 0.3 ps. Methanol is 
again different. Because of chain-like hydrogen bond 
character, it has certain degree of high-frequency vibra¬ 
tion, slow overall rotation but very fast rotation around 
the C-OH bond, which gives rise to a very fast polar 
response. All these details seem to be important in 
solvation dynamics^^. 

We now turn to the explanation of the origin of the 
ultrafast component. Theoretical studies indicate^^“^^ 
that all the natural fast dynamics of the system couple in 
different ways with the long-wavelength polarization 
fluctuation to give rise to the ultrafast component. This 
is because the main contribution to ion solvation energy 
comes from the long-wavelength part of the polariza¬ 
tion, which is created in the liquid by the ion (Box 2). 
Now, the force constant for the longitudinal polarization 
fluctuation in a strongly polar dipolar liquid is large. 
Thus, the driving force to make ion solvation very fast 
exists in all strongly polar liquids. However, for solva¬ 
tion to be really fast, the liquid itself must be able to re¬ 
spond on the uitrafast time scale. This is where water and 
acetonitrile (and to smaller extent methanol and perhaps 
formamide) are exceptional. Water, due to its high- 
frequency vibrations and intermolecular vibrational modes, 
and acetonitrile, due to its fast rotational motion, can re¬ 
spond at a very high speed. The explanation given above is 
borne out by microscopic theory as shown in Figure 2. 

Actually, even in these liquids, all is not ultrafast. Just 
as the rotation of water molecules is rather slow, so also 
the response to perturbations that vary on molecular 
length scales. These responses are also probed in many 
chemical processes, even in water. As discussed above, 
several rather unconnected (both microscopic and mac¬ 
roscopic) factors combine to give rise to the dominance 
of the ultrafast component in the solvation dynamics in 
water and acetonitrile. 



Figure 4. A schematic illustration of the nature of electron transfer 
reaction, based on the reaction potential energy surfaces. Depending 
on the strength of interaction between the two participating surfaces 
(corresponding to reactant and product states), the electron transfer 
can be classified as nonadiabatic, (case (a)), weakly adiabatic (case 
(b)) and adiabatic (case (c)). 

Electron transfer reactions 

Electron transfer reactions are ubiquitous in chemistry 
and biology. The initial studies were motivated by the 
desire to understand acid-base equilibrium and also 
many organic reactions involving electron transfer as a 
key step. With the advent of laser it is now possible to 
study many kinds of electron transfer reactions, espe¬ 
cially those occurring in the excited state, for the first 
time. The reason is that many of these reactions were 
found to proceed at exceedingly fast speed, often with 
time constants in the subpicosecond range. Well-known 
examples are electron transfer in a photosynthetic reac¬ 
tion centre, fluorescence quenching in excited betaines 
and ion pair formation in various charge transfer com¬ 
plexes. We address below only the recent advances in 
understanding solvent effects in ultrafast electron trans¬ 
fer reactions in solution. 

The key to the great success of the Marcus theory^^ 
lies in the choice of the reaction coordinate. The motion 
of the system on the reaction potential energy surface 
along this coordinate takes the system from the reactant 
surface minimum to the product surface minimum. In 
conventional chemical picture, this coordinate is usually 
some distance or angle and its nature is clear from the 
beginning. The situation is different for the electron 
transfer reaction. In this case, often no chemical bond is 
broken or formed. The major part of the activation en¬ 
ergy comes from the interaction between the reaction 
system and the dipolar liquid and not from any intra- 
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molecular potential. Thus, the reaction coordinate is 
collective in origin. In the Marcus theory the reaction 
coordinate is essentially the solvation energy difference 
between the reactant and the product. However, in order 
to specify the nature of any electron transfer reaction we 
must know the nature of interaction between the reactant 
and the product surfaces. Interestingly, this interaction 
itself is determined by the nature of the Born- 
Oppenheimer surfaces as a function of the nuclear co¬ 
ordinates. Thus, in order to understand the electron 
transfer reaction one must consider the potential energy 
surface as a function of both the reaction coordinate and 
the nuclear coordinate. The reaction potential energy 
surface for several cases is shown in Figure 4. If the 
reactant and the product surfaces interact very weakly, 
then the reaction can be considered as a transfer of the 
electron from the former to the latter at the crossing 
point and the reaction is termed ‘nonadiabatic’. On the 


Box 3* 

A very large number of experimental etudies has 
been carried out in the recent years to under¬ 
stand various factors that influence electron 
transfer reactions. Three extensively" studied 
examples are shown below; 

{a) Mn^^<J==T> 



where (a), (b) and (c) correspond to the normal, 
zero-barrier and the inverted regime of "electron 
transfer, respectively. Many different experimen¬ 
tal techniques are being used routinely to study 
the dynamics of electron transfer. These include 
the rate of disappearance of fluorescence from 
the reactant well (due to electron transfer), 
femtosecond excited*state absorption and also 
the ground state recovery, _ 


other hand, if the two surfaces interact strongly near the 
crossing, then the electron transfer occurs on one sur¬ 
face (which is given by a combination of the two 
parent surfaces according to the rules of quantum 
mechanics) and the reaction is termed ‘adiabatic’. The 
experimental situation often lies between these two 
broad classifications and is termed loosely as ‘weakly 
adiabatic’ or even ‘weakly nonadiabatic’. This interme¬ 
diate situation is shown in Figure 4 b. 

Recent studies^^"^^ have critically examined the dy¬ 
namic effects of solvent on various electron transfer 
reactions (Box 3). One is particularly interested to know 
what effects the newly discovered ultrafast solvation 
could have on electron transfer reactions. The answer 
depends on the ‘adiabaticity’ of the reaction. For non¬ 
adiabatic reactions even the ultrafast polar response was 
found to be not fast enough to affect electron transfer 
seriously. The situation is rather different for weakly 
adiabatic electron transfer. Here the first and foremost 
effect is that the rate of barrier crossing increases by 
almost an order of magnitude over the old estimates that 
ignored the ultrafast solvation effects^’"'^^. This is true 
not only for water, but also for the other two ultrafast sol¬ 
vents, acetonitrile and methanol. For acetonitrile some ad¬ 
ditional interesting features appear. For this solvent the 
reactive friction (which arises from coupling between the 
electronic charge and the solvent) becomes so small that the 
electron transfer is controlled not by the rate of barrier 
crossing but by the rate of energy diffusion to the barrier 
from the reactant well. Electron transfers in water and 
methanol are predicted to be in the normal regime. In 
fact, it is rather ironic that ultrafast solvation in water 
implies that this solvent will be able to respond very fast 
to chemical changes during a reaction which, in turn, 
will not show any dynamic solvent effects^^’ 

The Marcus theory predicts a parabolic dependence of 
reaction rate on the free energy of the electron transfer 
reaction (Box 4). Although this dependence was pre¬ 
dicted in 1956, its verification had to wait till the 1984 
landmark experiment of Miller et These authors 
measured the rate of electron transfer across a bridge of 
organic groups of varying length. Subsequently, several 
confirmations of the parabolic dependence have been 
reported^^. However, there are also several recent stud¬ 
ies of ultrafast electron transfer which found interesting 
breakdown of the Marcus parabolic dependence^^"^^, due 
to various reasons. One such example is shown in 
Figure 5, where the rate of charge recombination (CR) 
of newly formed contact ion pair (CIP) is plotted against 
the free energy of reaction. The rate increases in the 
normal region with decrease in the free-energy gap. 
Murata and Tachiya"^^ have recently provided an elegant 
explanation of this non-Marcus energy gap dependence 
by invoking the interplay between relaxation and electron 
transfer. A more detailed theoretical work by our group"^^’ 
has shown that the above interplay can give rise to highly 
nonexponential decay of the reactant population. 
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Box 4. 

In the Marcus theory, the reaction coordinate 
{X) is a coiiectiye quantity and is defined by the 
following expression: 


X = JdrAD{r)-P(4 


(B4.1) 


where AO(r) is the change in the displacement 
vector due to the charge, redistribution owing to 
the electron transfer and P(r) is the polarization 
field. Note that here the reaction coordinate it¬ 
self is an energy. The reaction potential energy 
has minima corresponding to the reactant and 
the product states. In the Marcus theory, elec¬ 
tron transfer is considered to be mediated by 
solvent polarization fluctuations and distinction 
is made between the nonadiabatic and adiabatic 
electron transfers. For the former case, the rate 
is given by the following expressions: 


k= {Vlh) {AitXlkJY^ exp(-i3ET, 


(B4.2) 


where V is the nonadiabatic coupling between 
the two surfaces (determined by the nuclear co¬ 
ordinates). The activation energy has the fol¬ 
lowing well-known form: 


as (AG'’ + A.)* / 4X, 


(B4.3) 


where AG is the free energy gap and X is the 
solvent reorganization energy, in Figure B4.1 we 
show the potential energy surface to explain the 
notation. 

In the adiabatic limit, the rate expression is dif¬ 
ferent and is given by 


i = |R6xp(-^£j, 


(B4.4) 


where is the harmonic frequency of the reac¬ 
tant well. 

The above expressions are essentially transi¬ 
tion state expressions. The important thing to 
note is the parabolic trend of the rate predicted 
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Figure B4-1. A schematic representation of the reaction 
frea-energy surface, according to the Marcus theory. AC9® is 
the free-energy gap between the reactant and the product 
and X ia the solvent reorganization energy. Note that the 
reaction coordinate (the abscissa) has been set to solva¬ 
tion energy. 

by equation (B4.3) as a function of the free- 
energy gap AG“. 

Since the reaction coordinate is the fluctuating 
energy gap due to solvation, it is obvious that 
solvation dynamics will play an important role in 
determining the dynamics of electron transfer. 
Zusman was the first to quantify this depend¬ 
ence by deriving the following expression for an 
adiabatic reaction: 


1 


expYpE^), 


(84.5) 


where the longitudinal relaxation time* is a 
measure of the solvation time of a newly created 

liliiiiiiiiiiiiiiiiiii 

When the solvent polar response is ultrafast, like 
In water and acetonitrile, then the above expres¬ 
sion for solvent effects undergoes significant 
modification. The theoretical work that accounts 
for ultrafast solvation is available in ref, 32. The 
'main results are described in the text 


Another reason for the non-Marcus energy dependence 
is the involvement of high-frequency modes of the prod¬ 
uct state, which often serve as the accepting modes to 
accelerate electron transfer^^"^^. This mechanism is par¬ 
ticularly useful when the electron transfer is in the Mar¬ 
cus inverted regime and results in the absence of the 
decrease of the rate as the free-energy change between 
the reactant and the product is made larger (that is, G is 
negative and large). This mechanism of the non-Marcus 
energy gap dependence seems to be responsible for the 
large electron transfer rate observed recently in 
betaines^^. 


Isomerization dynamics 

Isomerization reactions are very important chemical 
reactions. There are several reasons why these reactions 
often proceed at a very high speed. First, no chemical 
bond is broken or formed. The barrier is often rather 
small, only a few kcal/mol"^^. Moreover, there are sev¬ 
eral important reactions which proceed in the absence of 
any activation barrier. Some examples are the 
cis —> trans isomerization of excited stilbene and also 
the isomerization of triphenyl methane dyes, such as 
malachite green"^^. These reactions are naturally very 
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Box 5. 

There are two classes of molecules which are 
particularly useful in the study of isomeriza' 
tion dynamics. These are stilbenes and the 
triphenyl methane dyes. The structures are 
shown below: . 






\ 


H 



The reactive motion, in each case, is a twist of a 
group around a body-fixed axis, as shown by the 
arrows. The isomerization reaction is a high- 
barrier one for trans ci$ isgmerization in stil- 
bene, but nearly barrierless for c/s -» trans for 
the same system. It is also barrierless in a large 
number of TPy dyes, like crystal violet and 
Malachite green. 

Experimentally, these molecules are often 
studied by exciting them to a higher electronic 


state.. The dynamics of isomerization is then 
studied by monitoring the decay of fluorescence 
from these dyes. Since isomerization leads to 
the forrnation of a new state, the fluorescence 
from the reactant gets quenched as the reaction 
proceeds. Thus, the time dependence of the de¬ 
cay of fluorescence intensity serves as an excel¬ 
lent probe of isomerization dynamics. The 
experiments have usually concentrated on the 
temperature and viscosity dependence - the 
latter often shows very Interesting fractional vis¬ 
cosity dependence. However, the latter problem, 
despite considerable effort over the last two 
decades, has remained largely ill-understood. 
This is because the potential energy surfaces of 
isomerization reactions appear to be rather 
sensitive to their environment. For example, the 
activation energies change significantly when 
the solvent is changed. Even the change of 
temperature affects the activation energy be¬ 
cause the properties of the solvent often change 
significantly with temperature. This is also true, 
perhaps to a lesser extent, for pressure change. 
Thus, one is left with very limited scope for 
changing the viscosity of the solvent without af¬ 
fecting the reaction potential energy surface. 
Thus, computer simulations appear to be the 
ideal rnethod to bridge the gap between theory 
and experiments. 



Figure 5. Breakdown of the Marcus parabolic dependence on the 
free-energy gap for charge recombination in newly formed contact 
ion pair. The black circles denote the experimental results of Asahi 
and Mataga^® while the solid line is the theoretical prediction of 
Murata and Tachiya'*”. The Marcus parabola is also shown by the 
dashed line. 

fast. There are some cases also where the barrier is sig¬ 
nificant. In other words, the isomerization reactions 
span a diverse range in kinetic behaviour. Because of 
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the simplicity of these reactions, they serve as the test¬ 
ing grounds for the theoretical models of solvent effects. 
We shall discuss here two important and recent theoreti¬ 
cal developments which were initially motivated by ex¬ 
perimental results on ultrafast isomerization reactions in 
solution but led to far-reaching consequences (Box 5). 

Before 1980, the effects of solvent viscosity on iso¬ 
merization reaction were explained by using the well- 
known Kramers’ theory'*'*. This theory assumes that a 
chemical reaction can be viewed as the passage of a 
Brownian particle over an activation barrier. For large 
solvent viscosities, this theory predicts that the rate is 
inversely proportional to the viscosity. This is a straight¬ 
forward consequence of modelling the reaction as a 
Brownian motion. Initial experiments seemed to have 
supported this. Detailed experimental studies could be 
undertaken only after picosecond laser became available 
in the early eighties. The new experimental results 
clearly indicated that for fast isomerization reactions 
(with lifetimes in the picosecond and even in the subpi¬ 
cosecond range) in solution, Kramers’ theory was in¬ 
adequate to explain the viscosity dependence — the 
observed viscosity dependence was much weaker than 
the inverse dependence predicted by Kramers’ theory'*^^. 
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Box 6. 

The recent experimental results from the study 
of isomerization dynamics have played a key 
role in the development of modern chemical re¬ 
action theory. Not only did these results moti¬ 
vate newer studies, but they also serve as the 
testing ground for the older theories. Here we 
discuss one particular class of theories which 
have been quite successful in explaining the 
viscosity dependence of the rates. Prior to 1980, 
the only theoretical framework available in this 
area was that due to Kramers, who modelled a 
chemical reaction as the motion of a solute in a 
one-dimensional double well potential. The re¬ 
action occurs when the solute escapes from one 
well to the other and in the process needs to go 
over the potential barrier, which Is modelled as 
an inverted parabola of frequency Kramers 
assumed that the equation of motion was an or¬ 
dinary Fokker-Planck equation. This second- 
order partial differential equation could be 
solved for the steady-state solution, which gives 
the following expression for the rate: 


^8 I f 


viscosity of the solvent. Kramers’ expression 
predicts that at high viscosities (that is, larger 
than 10 cP), the rate should be proportional 
to viscosity. However, experiments indicate 
that for many reactions with High barrier, 
the rates show a much weaker (such as. frac¬ 
tional) viscosity dependence. In 1980, Grote 
and Hynes'*® presented a generalization of 
Kramers* theory. These authors pointed out that 
Kramers’ theory may be inadequate because it 
neglects the memory of motion along the reac¬ 
tion coordinate. The generalized rate is obtained 
by solving the following relation self-cons is- 
tently: 




{B6.2) 


exp(~j8£:a)» (B6.1) 


where is the activation energy, and are 
the harmonic frequencies of the reactant well 
and of the barrier top, respectively, f is the fric¬ 
tion on the reactant motion. For isomerization 
reaction, this friction may be proportional to the 


where the factor gives the required rate by 
being the^transition state rate. In 
the above equation, ^(x) is the frequency- 
dependent friction,, which gives the visco¬ 
elastic response of the solvent As explained in 
the text, a reaction with a. sharp barrier can 
probe only the high-frequency component of 
friction, which can be vastly different and much 
smaller than the zero-frequency friction that 
enters in Kramers' theory. This can explain 
the weak viscosity dependence of rate in many 
isomerization reactions. However, as described 
in Box 5, experimental difficulties have not 
yet allowed a full, convincing comparison 
between theoretical predictions and the experi¬ 
ments. 


This started a flurry of theoretical activity'^^"^^ Interest¬ 
ingly, the work that proved to be the most useful in this 
stage was published only a few years ago by Grote and 
Hynes"^^. The understanding that has emerged is the fol¬ 
lowing. In cis trans isomerization reactions, the two 
potential energy minima are often separated by a dihe¬ 
dral angle lying between 90° and 180°. This gives rise to 
a sharp barrier when the activation energy barrier is 
somewhat larger than 10 kcal/mol. A sharp activation 
barrier implies that the reactant spends very little time in 
the barrier region and, therefore, probes only the high- 
frequency part of the solvent frictional response. The 
relation between the barrier height and the barrier curva¬ 
ture has been illustrated in Figure 6. This is to be con¬ 
trasted with Kramers’ theory, which assumes a slow 
diffusive motion along the reaction coordinate across 
the barrier (Box 6). For a sharp barrier only the former 
picture is valid. Since at large viscosities the high- 
frequency frictional response of the liquid gets decou¬ 
pled from the macroscopic (that is, zero fre'quency) vis¬ 


cosity, the reaction rate also gets decoupled from 
viscosity and this shows up as a weak dependence cff the 
reaction rate on the solvent viscosity. This rather elegant 
explanation is also known as the non-Markovian effect 
in barrier crossing. 

Another class of isomerization reaction has drawn at¬ 
tention in the recent years"^^’ This is the zero-barrier 
reaction limit. As already mentioned, several important 
photochemical reactions fall in this limit. Consider that 
a molecule is optically excited and that in the excited 
state there is a photochemical funnel at the minimum of 
the excited-state surface. The motion that takes the sys¬ 
tem from its initial state to the final state is the reactive 
motion. The situation is depicted in Figure 7. This reac¬ 
tive motion can be the rotation of a bulky, molecular 
group (as in the case of TPM dyes). In this case the rate 
of reaction can be very high and dependent on the sol¬ 
vent viscosity. For cis trans isomerization of stilbene 
in hepne, the isomerization rate seems to be as high as 
10^^^^(refs. 53,54). This is one of the fastest rates 
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Figure 6. A schematic illustration of the dependence of the curva¬ 
ture of the activation barrier of the isomerization reaction, on the 
barrier height. As the barrier height increases, the barrier frequency 
(Ob) also increases, leading to the decoupling of the rate from the 
solvent viscosity. 



Figuix 7. A schematic illustration of a zero-barrier chemical reac¬ 
tion. Initial excitation places the molecule in a nonequilibrium posi¬ 
tion on the excited-state potential energy surface. Subsequent 
relaxation brings the molecule to ,the potential minimum, where a 
photochemical funnel (or a sink) is present, This funnel gives rise to 
the decay of the excited state. The reactive motion is the relaxation 
from the initial excitation position to the configuration where the 
sink is located. 

measured in the condensed phase. The decay of popula¬ 
tion on the excited state can often be measured by 
studying the disappearance of fluorescence from the 
excited state or by the recovery of the ground state 
population. An important characteristic of this type of 
reaction is that the time dependence of the excited-state 
population is highly nonexponential. Another important 
hallmark of barrierless reactions is the fractional vis¬ 
cosity dependence of the rate. The reason for the frac¬ 
tional viscosity dependence here is rather different from 
that in the high-barrier reaction and is often the multi¬ 
dimensional nature of the reaction potential energy sur-. 
facej the second dimension may be a solvent mode or an 
intramolecular vibrational mode. 
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The theoretical studies of barrierless reactions are 
mostly based on a stochastic approach, where a Smolu- 
chowski or a Fokker-Planck equation is used to describe 
.the motion on the reaction potential energy surface with 
a coordinate-dependent sink term to account for the de¬ 
cay from the photochemical funnel. This approach"^^ 
seems to have been fairly successful in describing the 
experimental results. 

Ultrafast chemistry in biological processes 

' It should be pointed out that it is a fairly recent realiza¬ 
tion that the barrierless chemical reactions are quite 
common not only in chemistry but also in biological 
reactions. The most famous examples are the electron 
transfer in the reaction centre in photosynthesis^^ and 
the isomerization reaction in rhodpsin, which triggers 
the proton pump in the retinal membrane. These discov¬ 
eries have led to very interesting chemistry. In what 
follows, we briefly discuss a very recent theoretical 
work by Chandler et that led to valuable insight 
into the electron transfer mechanism in the photos 3 m- 
thetic reaction centre. A schematic representation of the 
relevant part of the reaction centre is shown in Figure 8. 
It is known that after the photoexcitation, the electron 
transfer takes place from 1 to 3 along the right-hand side 
of the figure. The theoretical work mentioned above has 
suggested that the reason for this selective transfer is 
that this reaction is barrierless while the 1 -> 2 transfer 
involves a sizeable activation barrier^^. A schematic 
drawing of this situation is shown in Figure 9. Another 
important example is the isomerjzation of bacteriorho- 
dopsin in the retinal membrane, halobrium halobacte- 
rium. This is also a barrierless reaction with a time 
constant of 0.5 ps (refs. 57, 58). This reaction has re¬ 
cently raised a lot of interest. Yet another example of 
much current interest is the recombination of oxygen 
and carbon monoxide with the iron in heme in myoglo- 
bin^^’^^. Flash photolysis studies have shown that this 
reaction follows a nonexponential, kinetics. Interesting 
theoretical work has been done on this problem. Much 
experimental, computer simulation and theoretical stud¬ 
ies have been done on the dynamics of proteins, which 
seem to have relaxation over a range of time scales. As 
the technique of ultrafast spectroscopy becomes more 
and more refined, we can look forward to many more 
fascinating applications of ultrafast chemistry to bio¬ 
logical systems. 

In the past many experts have raised the following 
question: What could be the relevance, if any at all, of 
the ultrafast chemistry to biology when the life pro¬ 
cesses occur on much ^sto^wer time scales? This is cer¬ 
tainly a valid question. With the recent discoveries of 
ultrafast biological processes (such as electron transfer 
in a photosynthetic reaction centre), this question needs 
to be reformulated as follows: Why does Nature use so 
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Figure 8. A schematic depiction of the essentials of the primary 
electron transfer event in a bacteria photosynthetic reaction centre. 
SP* denotes the photoexcited special pair. The electron, in principle, 
can be transferred either to the L branch, forming the charge- 
separated states SP"^ BCL" or SP^ BPL", or it can go to the M branch, 
forming similar states. The experimentally observed case is SP’*' BPL". 



Figure 9. A schematic illustration of the explanation given by 
Chandler et for the formation of SP^ BPL" (see Figure 8). Here 
the state SP* is the electronic state 1, SP^ BCL" is the electronic 
state 2 and SP”*" BCL" is the electronic state 3. This figure shows the 
calculated Marcus free energy for the diabatic surfaces for all the 
three states. The electron transfer occurs from 1 to 3 because it is 
barrierless and energetically favourable. The transfer to M branch 
(1 3) involves a sizeable activation barrier. 

many different time scales in biological functioning? 
Qualitatively, the answer to this apparently profound 
question is simple enough: the dynamical processes at 
different time scales are hierarchially coupled. An ex¬ 
treme example of this coupling is provided by diffusion 
in the supercooled liquid. Here the rapid rattling motion 
of a molecule in the cage formed by its neighbours is 
ultimately responsible for the rare jumps or hops that 
give rise to the diffusive mass transport. The time scales 
of these two motions differ by many orders of magni¬ 
tude, but the slow motion would be impossible without 
the former. Perhaps the reason that Nature uses so many 
different time scales, from ultrafast to ultraslow ~ often 
separated by several orders of magnitude-is to mini¬ 
mize the scope of making mistakes. This is probably 
developed by natural selection over many years. 


Conclusion 

With the advancement of ultrafast spectroscopy in the 
last decade, many important discoveries have been made 
which have helped in solving some long-standing puz¬ 
zles in chemistry and biology. For example, one was 
puzzled by the absence of dynamic solvent effects on 
various charge transfer reactions in water. The paradox 
was partly due to the known result that the dielectric 
relaxation in water is about 9 ps, which is quite long. 
Only last year was it discovered that solvation dynamics 
in water is more than two orders of magnitude faster. 
This explains why we do not see the above-mentioned 
solvent dynamic effects in water. Similarly, the recent 
understanding of electron transfer reactions, especially 
the involvement of the high-frequency vibrational 
modes, has also emerged only in the last five years and 
again the impetus came from the discovery of novel as¬ 
pects by using ultrafast spectroscopy. With the avail¬ 
ability of femtosecond lasers in many laboratories 
around the world, we can look forward to many more 
such interesting discoveries in the near future. 
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Membrane current and potential change during 
neurotransmission in smooth muscle 
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Smooth muscle cells are electrically coupled to one 
another in a syncytium, and this renders their electro¬ 
physiology during neurotransmission strikingly differ¬ 
ent from that at other synapses. The postjunctional 
depolarizing responses of sympathetically innervated 
smooth muscle such as the vas deferens, particularly, 
the excitatory junction potentials (EJPs), possess in¬ 
triguing properties which for several years have resisted 
explanation. A principal issue has been the temporal 
relationship of transmitter-generated membrane cur¬ 
rent to the resulting potential change, which seems to 
differ depending upon whether transmitter release is 
spontaneous or is nerve-stimulation-evoked. Accord¬ 
ingly, smooth muscle electrical properties appear to 
change with different patterns of transmitter release. 


Until some years ago this relationship was an area of 
uncertainty, firstly because transmitter-activated mem¬ 
brane current could not be measured directly and sec¬ 
ondly because intracellular membrane potential 
measurements gave rise to conflicting results. Many of 
the uncertainties have now been resolved with refine¬ 
ments in techniques of measurement that have allowed 
membrane current time course during neurotransmis¬ 
sion to be estimated. As a result, our understanding 
of smooth muscle electrical properties has been clari¬ 
fied and deepened. These developments are outlined 
in this review, and it is shown how our comprehen¬ 
sion of neurotransmission has at every stage been influ¬ 
enced strongly by the techniques adopted for investiga¬ 
tion. 
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The electrophysiology of neurotransmission from auto¬ 
nomic nerves to smooth muscle has consistently been more 
challenging to study than somatic neuromuscular transmis¬ 
sion. To a large extent this owes to the technical difficulties 
involved in making electrical recordings from smooth 
muscles. It is relatively problematic to record intracellularly 
from individual smooth muscle cells, which are just 2—5 p.m 
in diameter, in contrast to skeletal muscle cells, whose di¬ 
ameters can be 50-150 pm. One requires to use microelec¬ 
trodes with very sihall tip diameter (<0.2 pm) and high tip 
impedance (50-200 M£2). Further, when operating at these 
submicroscopic ranges the recording apparatus is exqui¬ 
sitely sensitive to mechanical vibration. Finally, when re¬ 
cordings are obtained their interpretation in terms of tissue 
electrical properties often rests on uncertain ground. This is , 
because smooth muscle, as outlined below, is a complex 
electrical syncytium with cells interconnected to one an¬ 
other in three dimensions*-^, and their electrical properties 
are poorly understood. Hence, even the primary depolariz¬ 
ing electrical responses of smooth muscles during neuro¬ 
transmission, the excitatory junction potentials (EJPs), are 
not satisfactorily understood. In many cases thesfi responses 
continue to be explored at the phenomenological rather than 
at the analytical level. By contrast, the processes involved 
in transmission at skeletal muscle have been rather thor¬ 
oughly elaborated^-'*, starting from the end-plate potential 
down to the g ating properties of the transmitter-activated 
receptor-ion-channel complex and the explanation of the 
end-plate currents in terms of channel ftmction^-*. However, 
in recent years considerable progress has been made in our 
understanding of the generation of smooth muscle EJPs as 
well as the membrane curreiits underlying them. Some of 
this owes to the application of novel electrical recording 
methods to smooth muscle’-*, and some to theoretical work. 
Several interesting observations and hypotheses have 
arisen, and it will be the aim of this article to review these 
developments. To set them in context, the historical devel¬ 
opment of ideas on the electrical properties of smooth 
muscles durin g neurotransmission will first be outlined. 
This will include a discussion of the ‘cable’ properties of 
smooth muscle, and the factors determining current spread 
and membrane potential development during EJPs. Since 
the field is now quite extensive, attention will centre on the 
properties of sympathetically innervated smooth muscle, 
particularly the vas deferens, which today provides an inter¬ 
esting and finitful territory of research. Action potentials in 
smooth muscles will not be discussed, arising as they do 
subsequent to junctional transmission. For a survey of this 
topic the reader is referred to the detailed reviews of 
Tomita’ and Huizinga®. 

Syncytial nature of smooth muscle and its 
innervation ^ 

•. Smooth muscle cells are well known to be electrically 
interconnected to one another to form what is known as 
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a. Autonomic-smooth muscle b. Somatic-skeletal muscle 




Figure 1. Comparison of patterns of innervation at the autonomic 
(a) and skeletal (b) neuromuscular junctions. N: nerve fibre; M: 
muscle cell; E: end-plate; V: varicosity. Smooth muscle cells are 
shown relatively shortened in length-(e.g. in relation to varicosity 
diameter) for illustration. 


a ‘three-dimensional syncytium’Bozler^^ in 1948 
was the first to suggest the syncytial nature of smooth 
muscle. His hypothesis was validated by the demonstra¬ 
tion that injected current can flow, and membrane po¬ 
tential changes can be recorded, along smooth muscle 
tissues over distances which are considerably greater 
than the average individual cell length. The spread of 
current and potential occurs presumably through inter¬ 
cellular pathways of low resistance^’^*^’^^^^^. The syn¬ 
cytial organization of smooth muscle cells renders their 
electrophysiology in many respects different to that of 
other kinds of cells, e.g. skeletal muscle fibres, which 
are electrically isolated from their neighbours. 

The pattern of innervation of smooth muscle by auto¬ 
nomic nerves also differs from that of skeletal muscle by 
somatic nerves. As shown in Figure 1 a, the innervation 
of many smooth muscle organs is of the ‘distributed’ 
kind, that is, each cell may receive input from varicosi¬ 
ties on more than one terminal nerve fibre and any ter¬ 
minal fibre may innervate several cellsThe result is a 
mesh of innervation known as the ‘autonomic ground 
plexus’, varicose in appearance, in which the points of 
transmission are thought to be the periodic axonal swel¬ 
lings, the varicosities. Some cells are innervated closely 
by the varicosities (contact distance < 20 pm) and others 
not^'^’^^ In contrast to this meshwork, each skeletal 
muscle fibre receives a well-defined, localized innerva¬ 
tion from a somatic motoneurone that forms a discrete 
‘end-plate’ (Figure 1 i) where neurotransmission oc- 
curs^'^ Each skeletal muscle fibre is supplied by the 
terminal branch of only one somatic motor axon, and 
usually has just one end-plate. 

As a ‘ consequence of the electrical interconnections 
between smooth muscle cells and of their complex in¬ 
nervation, any membrane potential change (such as an 
EJP) recorded in a particular cell will reflect not simply 
the response of that cell alone, but also the response, 
passively propagated to it, of neighbouring cells. Spatial 
and temporal summation of its own response may occur 
with the responses of neighbouring cellsThe extent of 
this ‘pick-up’ will depend largely on the electrical prop- 
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erties of the interconnecting pathways between the cells. 
For these reasons it is problematic to analyse electrical 
events at the level of individual smooth muscle cells in 
the kind of detail that has characterized the investigation 
of skeletal muscle, in which the electrical responses of 
an individual muscle fibre are independent of the re¬ 
sponses of neighbouring cells. 

Passive electrical properties 

The passive electrical properties of a cell or a tissue, 
such as its membrane resistance and capacitance, and its 
length and time constants, are important determinants of 
the electrical response of the cell to any given input, 
since they determine its impulse response'®"^'. Thus, the 
amplitude, time course and spatial spread of a junction 
potential - be it the EPP in skeletal muscle, the excita¬ 
tory or inhibitory postsynaptic potentials in neurones, or 
an EJP in smooth muscle, all of which are produced by 
neurotransmitter-activated transmembrane current - will 
depend largely on the passive properties. So will action 
potential properties such as conduction velocity^^^^. 

Junction potentials usually have relatively rapid rising 
phases and slower, usually exponentially decaying, fal¬ 
ling phases (Figure 2 a). In many kinds of cells the fal¬ 
ling phase of the junction potential decays with a time 
constant that is equal to the cell’s membrane time con¬ 
stant, %. This indicates that the junction potential decay 
is a purely passive electrical process. The active part of 
the process, i.e. the neurotransmitter-activated mem¬ 
brane current, is relatively brief Its duration is often of 
the order of the rise time of the junction potential 
(Figure 2 b). Transmitter-activated membrane current 
serves to discharge the membrane capacity and produce 
the rising phase of the junction potential, with the sub¬ 
sequent decay of the potential following the time course 
of passive recharging of the membrane capacity, at a 
rate determined by (refs. 5, 24). Thus, the time con¬ 
stant of decay, Tjecay) of the junction potential equals 
(Figure 2). 

These properties are in many respects similar to those 
of potential changes across the capacitor in a parallel 
resistance-capacitance circuit in response to the flow of 
current through it. Based on this general principle, a 
standard method of evaluating the factors governing the 
time course of a junction potential has been to estimate 
Tn, and compare it with Tdecay of the junction potential. If 
the two values are similar, then the membrane currents 
and potential are held to behave as outlined above. If 
fdeoay exceeds Tm, Other factors - such as a duration of 
transmitter action greater than T„,-have to be consid- 
ered’‘^ 

An approach such as this should in principle have re¬ 
vealed readily the elements of junctional processes in 
smooth muscle. As ever, though, smooth muscle pres¬ 
ents bedevilling complications. One is that in a 
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a. Junction potential 


R^dme 




Figure 2. A typical junction potential {a) and its underlying junc¬ 
tion current {b) as observed at a variety of synapses. S: stimulation 
artefact. Parameters of analytical interest are indicated. Note that 
membrane potential change is prolonged compared to membrane 
current, because of the capacitive properties of the cell membrane. 
The downward current trace indicates inward membrane current. 
Typical amplitudes and time courses observed at the skeletal neuro¬ 
muscular junction are indicated by the calibration bars; however (as‘ 
will be seen in subsequent figures), values may vary depending upon 
the cell type under investigation. It should also be noted that if junc¬ 
tion current time course were measured using extracellular recording, 
its amplitude calibration would be in volts rather than in amperes. 


syncytium, itself varies under different conditions of 
determination. The estimation of in simpler structures 
(those approximating linear one-dimensional cables, 
such as skeletal muscle fibres and axons) has been rela¬ 
tively straightforward. One injects rectangular pulses of 
constant current at a point inside the cable and measures 
the resulting membrane potential changes (the sub¬ 
threshold or electrotonic responses) at increasing dis¬ 
tances from the point of injection^’^. Tm, and other 
passive parameters such as membrane resistance, capaci¬ 
tance and length constant, can then be evaluated 
using the well-known properties of the cable equation^ A 
By contrast, current injection at a point in the smooth 
muscle syncytium (i.e. intracellularly in a single cell) 
results in no detectable membrane potential change even 
in its immediate vicinity^ The reason for this is 
thought to be a very rapid spatial dissipation of injected 
current through the multiple shunts offered by intercellu¬ 
lar electrical pathways in three dimensions, so that no 
appreciable fractio^ of it flows to any neighbouring 
area. Thus, smooth muscle does not exhibit cable prop¬ 
erties with intracellular current injection. However, 
when it is subjected to current injection through large 
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MEASUREMENT OF CABLE PROPERTIES 



Figure 3. Partition stimulation chamber used for investigation of 
smooth muscle cable properties. R: recording chamber; S: stimulat- 
ing chamber; PI, P2: metal plates for stimulation and partition; I: 
current source; Vm’. membrane potential change at different distances 
from plate PI, recorded intracellularly (with reference to indifferent 
electrode ‘ref). The scale is exaggerated: responses may be re¬ 

corded up to only a few mm from PI. Also there would be a tight fit 
between the tissue and the hole in PI. Amplitude and time scales are 
appropriate for guinea pig vas deferens. Adapted from ref. 16, 


extracellular electrodes, smooth muscle does, surpris¬ 
ingly, start to exhibit cable properties, so that membrane 
potential changes are recorded at a distance from the 
area of current injection. Particular mention may be 
made of the ‘partition stimulation’ method first em¬ 
ployed by Tomita^^’^^ and Abe and Tomita^^. The ex¬ 
perimental arrangement is shown in Figure 3. The 
cylindrical smooth muscle organ is drawn through a cir¬ 
cular hole of matching diameter in a metallic plate (PI) 
which forms a plane at right angles to the longitudinal 
axis of the tissue. The plate also separates the organ 
bath in which the tissue is placed into two compartments 
electrically insulated from each other. Current is passed 
extracellularly between this plate and another plate 
electrode (P2) in the stimulating compartment (S), while 
in the recording compartment (R) membrane potential 
responses are measured intracellularly. As shown in 
Figure 3, passive (electrotonic) responses can now be 
detected in tissue cells up to a few millimetres from the 
plate, and a quantitative evaluation of these responses 
indicates that the organ now behaves as a one¬ 
dimensional cable. An explanation for this change of 
properties is that when external plate electrodes are used 
to polarize the smooth muscle cells, the tissue is ren¬ 
dered more or less isopotential in its two radial axes at 


the stimulation plate. Hence, injected current can only 
spread in one direction - along the longitudinal aspect 
of the tissue - and the tissue acquires cable-like proper¬ 
ties in this direction^®’^^’^^. Some of these properties are: 
(i) the peak values of the membrane potential responses 
to external stimulation decay exponentially with dis¬ 
tance from the polarizing plate; (ii) the temporal prop¬ 
erties of the membrane potential changes at different 
distances can be described by linear one-dimensional 
cable equations. 

The electrotonic responses thus measured can be used 
to estimate passive electrical properties such as length 
constant and time constant of the tissueIn the case 
illustrated (hyperpolarizing current injection) the change 
of membrane potential (V^) with respect to both time (t) 
and distance (x) is given by^^’^^ 


y^(x,T) = y^(x = 0,T = oo)j^c-^ 


l + erf 


2^/T 


■ 4f 


+ e 




1-erf 


2Vr 


+ 


4f 


( 1 ) 


where X = xlX^ (here 0 < X < ©o) and T - x being 
the distance from the stimulating electrode and / the 
time from start of stimulation; erf is the error function, 
defined as 

By comparing the prediction of equation (1) with the 
observed responses, one can verify the correctness of 
the values of the length constant and time constant ob¬ 
tained experimentally, and thus estimate the passive 
membrane properties. 

Based on the responses to intracellular and extracellu¬ 
lar polarization, various suggestions, often conflicting, 
have been made about the f^actors determining the time 
courses of EJPs, and the relationship of membrane po¬ 
tential change to membrane current, in smooth muscle. 
These hypotheses are reviewed below. 


Smooth muscle junction potentials and their 
analysis 

Two kinds of excitatory potentials are recorded at the 
synapse between the terminals of the vas deferens nerve 
postganglionic to the hypogastric nerve and the smooth 
muscle cells of the vas^^’^^: the evoked and spontane¬ 
ously occurring junction potentials (the EJP and SEJP, 
respectively, Figure 4 a). EJPs and SEJPs have been 
recorded in several autonomically innervated smooth 
muscles, but the most detailed work has been done on 
junction potentials at the sympathetic neuroeffector 
junction, particularly in the rodent vas deferens, and in 
arteries and arterioles. 
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a. Smooth muscle b. Skeletal muscle 



100 ms 50 ms 

Figure 4. Spontaneous and stimulation-evoked junction potentials 
seen in smooth (a) and skeletal (Jb) muscle. Spontaneous potentials: 
SEJP, MEPP. Evoked: EJP, EPP. In smooth muscle the SEJP is 
briefer than the EJP but can be as large as the EJP. In skeletal muscle 
the MEPP follows the same time course as the EPP but has a smaller 
amplitude. Note the different time scales in a and b. 


The SEJP occurs in the absence of nerve stimulation 
and is thought to be caused by the spontaneous release 
of a quantum of transmitter from a neuronal varicosity. 
The EJP, on the other hand, is a stimulation-evoked 
event and is thought to be caused by the release of 
transmitter throughout the neuronal ground plexus fol¬ 
lowing nerve stimulation^®’^ ^ Qualitatively, these re¬ 
sponses are analogous to the miniature and the 
stimulation-evoked end-plate potentials (MEPPs and 
EPPs) observed at the skeletal neuromuscular junction, 
produced, respectively, by the release of one quantum of 
transmitter (spontaneously) or of several quanta 
(following nerve stimulation)^^ (Figure 4 Z>). However, 
there are important differences, as illustrated in Figure 
4. In relation to time courses the most striking one 
is that whereas the MEPP and the EPP have similar 
time courses (Figure 4 i), the SEJP and the EJP 
differ by a factor of 5-10 in theirs, the SEJP being 
briefer^^’^^ (Figure 4 a). SEJPs usually have durations 
of 100-150 ms and Tdecay of 20-50 ms, whereas EJPs 
have durations of 0.6-1 s and Tdecay ranges from 200 
to 400 ms. 

Another difference lies in relative amplitudes. Skele¬ 
tal muscle MEPPs have amplitudes that are normally 
distributed about the range 0.5-1 mV, and the 
EPP amplitude is an integral multiple of this quantal 
level; EPPs are thus always as large as, and normally 
much larger than, MEPPs^^. By contrast, in smooth 
muscle both EJP and SEJP amplitudes are continuously 
variable from the lowest to the highest levels 
(0-30 mV), EJP amplitude being graded with stimula¬ 
tion intensity and SEJP amplitudes varying randomly. 
There is no obvious quantal relationship between the 
two events, and SEJPs can often be larger than EJPs^*’^^ 
(Figure 4). 

Since MEPPs and EPPs have similar time courses, it 
would appear that the passive electrical properties of 


skeletal muscle cells remain invariant regardless of 
whether transmitter release is spontaneous or stimula¬ 
tion-evoked. However, in smooth muscle cells, since the 
SEJP and EJP follow very different time courses, the 
passive properties appear to change depending upon the 
pattern of transmitter release, i.e. whether it is sponta¬ 
neous and localized to a varicosity or is evoked by nerve 
stimulation and, therefore, involves several varicosities 
throughout the ground plexus^ 

Using the principle of comparison of t^ with Tdecay of 
the junction potentials, the decays of the MEPP as well 
as of the EPP of skeletal muscle were shown to be de¬ 
termined by the passive properties of the skeletal muscle 
cell membrane. However, in initial studies the decays of 
the SEJP and EJP in the vas deferens were suggested by 
various workers to reflect not t^ but the time course of 
membrane current, indicating a prolonged duration of 
action of transmitter at the autonomic neuroeffector 
junction. 

Experimental studies 

The SEJP. For the SEJP, evidence for prolonged 
transmitter action came mostly from studies on mem¬ 
brane potential responses to intracellular stimulation. 
If the SEJP results from localized transmitter action 
at a point in a three-dimensional syncytium, then the 
electrical properties of the smooth muscle membrane 
during intracellular current injection may be assumed to 
reflect its properties during an SEJP. A number of 
workers have studied the membrane potential re¬ 
sponses of smooth muscle cells to intracellular current 
injection with current-passing microelectrodes. In the 
guinea pig and mouse vas deferens this response was 
usually observed to have a time constant of 2-7 ms, 
which is up to an order of magnitude higher than the 
time constant of decay of the SEJP (range 20-35 ms). It 
could even be more rapid than the rising phase of the 
SEJP, which occupies between 5 and 15 ms. 

Thus, the time constant of the membrane in response 
to local application of current in the syncytium was 
much too brief to account for the time constant of decay 
of the SEJP. This excluded the possibility that the pas¬ 
sive membrane properties of the vas deferens deter¬ 
mined the decay of the SEJP. Hence, for the SEJP it was 
concluded that transmitter action might continue 
throughout its duration^®’ 

The EJP. Suggestions about the factors governing EJP 
time course came primarily from estimation of smooth 
muscle passive properties using the partition-stimulation 
method. From the passive responses described by equation 
(1), Tomita^^ estimated the length constant (/Im) of the 
tissue to be about 1.5-2.5 mm. The membrane time 
constant Tm of the smooth muscle cells was estimated to 
be about 100 ms. 
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The time constant of the declining phase of the EJP 
(200-400 ms) is significantly greater than this value of 
Tm- Hence, it appeared that Tm was too brief to account 
for the falling phase of the EJP, rather like the relation¬ 
ship of Tm during intracellular polarization in relation to 
the SEJP. It was concluded^that the EJP too might 
reflect the time course of ongoing transmitter action 
rather than that of the passive recharging of the mem¬ 
brane capacity. 

Thus, until the mid-1970s there seemed to be a con¬ 
sensus that transmitter-activated membrane current dur¬ 
ing both the SEJP and the EJP might persist throughout 
the duration of each category of junction potential. This 
contrasted with the brief time course of membrane cur¬ 
rent underlying the MEPP and the EPP at the skeletal 
end-plate. In the last 10-15 years, however, much evi¬ 
dence has been presented which suggests a somewhat 
different picture for the EJP. Let us consider these de¬ 
velopments. 

The most pertinent experimental analysis is that of 
Bywater and Taylor^^, who reinvestigated the passive 
electrical properties of the guinea pig vas deferens. They 
showed that the estimation of membrane time constant 
depended critically on the respective lengths of the tis¬ 
sues placed in the recording and stimulating compart¬ 
ments of the partitioned chamber. In particular, the 
calculated time constant was shown to be a considerable 
underestimate of its true value if less than three length 
constants of the tissue were placed in the stimulating 
compartment. 

Obviating these sources of error, Tm was estimated^^ 
with external polarization to be about 270 ms, a value 
significantly different from the previous estimate 
(100 ms)^^ The length constant Am (-'860 pm) was also 
shown to be smaller than the earlier estimate^^ of 1500- 
2600 pm. 

Unlike the earlier value, the new estimate of Tm coin¬ 
cided with the time constant of decay of the EJPs in the 
guinea pig vas deferens. The decay of the EJP, there¬ 
fore, appeared to be dictated by the passive membrane 
properties of the smooth muscle cells. This would indi¬ 
cate a brief duration of transmitter-activated current un¬ 
derlying the EJP. Blakeley and Cunnane^® and By water 
and Taylor^^ suggested that transmitter action underly¬ 
ing both spontaneous and evoked junction potentials 
corresponded in duration to the SEJP. 

Theoretical studies 


course of the membrane potential change at or near the 
point of current injection would be similar to that of the 
current itself. On the other hand, when current of the 
same time course is injected uniformly throughout the 
syncytium (as for the EJP), spread of current is re¬ 
stricted and the potential change that develops then is 
prolonged, lagging considerably behind the current 

Purves^^ obtained the time course of the EJP by con¬ 
volving the impulse response, h{T), of an isopotential 
circuit with the input, the transmitter-activated current 
7 ( 7 ): 

h(T) = ^Q-r, (3) 


liT) = c/t expi-aT), (4) 

where go is the charge deposited instantaneously on, 
and Cm the membrane capacity of, unit volume of tissue, 
T is the normalized time (t/Tm) and a is a driving func¬ 
tion which, as used in equation (4), generates waveforms 
very similar in shape to synaptic currents observed at a 
variety of synapses’^’^^. Then the membrane potential 
response V(T) is given by V(T) = h(T)*l{T), the aster¬ 
isk indicating the convolution operation. On solving the 
convolution integral we get the essential part of V(T) as 


F(r) = a^e-“^ 


1 (a-1)^ 



(5) 


On evaluation, V(T), corresponding here to the EJP, 
turns out to be considerably prolonged compared to the 
injected current 7(7). 

Purves^^ also derived an expression for the voltage 
change during the SEJP. In this case the impulse re¬ 
sponse h(T) is given by 

ri being the intracellular resistance per unit volume and 
R the normalized radial distance. 

Equation (6) can be convolved with the expression for 
transmitter-produced membrane current (equation (3)) 
and the voltage response derived. It was shown that the 
resulting voltage change is much briefer than that pre¬ 
dicted for the isopotential EJP and, in fact, follows 
closely the time course of the current itself^^. Hence, 
this theoretical work indicated that whereas the EJP is 
prolonged compared with its underlying membrane cur¬ 
rent, the SEJP follows the time course of the current. 


Smooth muscle syncytial properties have also been in¬ 
vestigated from a theoretical standpoint^^’^^’^^. It was 
shown that if current were injected from a point source 
into the syncytium (as for the SEJP) then, because of 
intercellular electrical coupling, the current would dissi¬ 
pate away from the point of injection very rapidly, both 
spatially as well as temporally^^ As a result, the time 
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Recent investigations 

The foregoing conclusions can be unambiguously tested 
only by direct observation of the junction currents that 
underlie the potentials to establish the relationships be¬ 
tween their time courses. One way to record junction 
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current is to perform a voltage clamp experiment, which 
has been done on several types of electrically isolated 
cells, including skeletal muscle fibres and neu- 
rones"^’^"^’^^. However, it is difficult normally to obtain 
an adequate voltage clamp of syncytial, three- 
dimensional tissues such as smooth muscle^®. This is 
because, as previously described, smooth muscle cells 
have unsuitable geometries and are electrically inter¬ 
connected. 

Extracellular recording. A second convenient method of 
estimating membrane current time course is to record 
extracellularly the potential changes caused by the cur¬ 
rent sinks created focally at points of transmitter ac- 
tion^^. Until the late 1980s this method could not be 
successfully applied to the autonomic-nerve-smooth- 
muscle junction because of technical problems^’'^®’'^^ 
However, in the past few years attempts at extracellular 
recording have been successful and, therefore, it has 
been possible to estimate the time course of membrane 
current underlying the The extracellular 

electrode used in the initial studies had a large tip di¬ 
ameter (20-50 |im) compared to the intracellular elec¬ 
trode, and was applied to the surface of the vas deferens 
with slight suction. This allowed the recording of nega¬ 
tive-going extracellular potential changes of 20 pV and 
greater in amplitude. Since these events reflect the time 
course of membrane current, they were named excitatory 
junction currents (EJCs)^. 

Simultaneous intracellular and extracellular record¬ 
ings of the time courses of junction potentials and cur¬ 
rents have been obtained^’^^ and have given rise to some 
conclusive and interesting observations. In the experi¬ 
ments in which the spontaneous events were recorded, 
cells within a short distance (up to 100 pm) of the rim of 
the extracellular electrode were probed with the intracel¬ 
lular microelectrode^’"^. This was necessary because, as 
mentioned above, the spatial decay of spontaneous po¬ 
tentials is very rapid and the same event could be de¬ 
tected with two electrodes only if they were very close 
to each other. The experiments unequivocally showed 
that when the same electrical event was recorded at both 
the electrodes"^"^, the time courses of the SEJP and the 
SEJC (i.e. the potential change and the current flow) 
were identical^. This is shown in Figure 5 for three pairs 
of SEJPs and their underlying SEJCs, and it is note¬ 
worthy that even for very different shapes of the events 
in Figure 5a,b and c, potential change and current fol¬ 
low the same time course. The result strongly suggests 
that the membrane capacity is not charged significantly 
by the current induced by the action of a single quantum 
of transmitter, since if it were, membrane potential 
change would have lagged behind the current. 

The nerve-stimulation-evoked EXP and the time course 
of its underlying EJC were also recorded simultane¬ 
ously^’^^. In this case it was observed that the membrane 
currents underlying the EJPs were brief, having 
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Figure 5. Spontaneous electrical events in smooth muscle (mouse 
vas deferens) recorded simultaneously with intracellular and extracel¬ 
lular electrodes (upper and lower traces, respectively, in a, b and c). 
Note the close correspondence between the time courses of mem¬ 
brane potential change (SEJP) and junctional current (SEJC) even for 
different shapes of the events: the almost linear decays in a, the 
biexponential decays in b, and the prolonged rise times in c. The 
reason for the somewhat distorted shapes is probably the mechanical 
pressure exerted by the extracellular electrode on the tissue'^'*. Volt¬ 
age scale: 2 mV for intracellular, 50 pV for extracellular traces. 


durations (100-150 ms) and time constants of decay 
(25-40 ms) no greater than of the SEJCs (Figure 6). 
Hence, the prolonged time constant of decay of the EJPs 
(250-350 ms) cannot be attributed to prolonged trans¬ 
mitter action, owing, for instance, to slow inactivation 
or to physical barriers to diffusion^ It must instead be 
attributed to the passive decay of charge from the 
smooth muscle cells following spatially distributed in¬ 
jection of current into the tissue that changes it from a 
three-dimensional syncytium into one that is presumably 
at isopotential^^’^^. If this indeed is the case, the theo¬ 
retical isopotential voltage response of the tissue (given 
by equation (5)) should predict successfully the experi¬ 
mental data. Evidence for this is presented in Figure 7. 
EJPs and EJCs were recorded simultaneously and 80 of 
each were averaged^^’(Figure la). The EJC was 
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Figure 6. Stimulation-evoked electrical events in smooth muscle 
(guinea pig vas deferens) recorded simultaneously with intracellular 
and extracellular electrodes. A series of 9 EJPs is shown in a, 
the underlying EJCs marked with asterisks. In ft, one of the 
paired events in a (marked with an arrow) is shown on an expanded 
time scale. Note the brief time course of the EJC compared to the 
EJP. Other deflections in a are spontaneously occurring SEJPs 
and SEJCs; one of each is indicated in ft. Voltage scale: 4 mV 
for intracellular, 100 pV for extracellular traces. S: stimulation 
artefact. 

shown to match the form of the theoretical junction cur¬ 
rent given by equation (3) (Figure lb). When this cur¬ 
rent was used as the input to an isopotential system and 
the voltage response computed, the response agreed very 
closely with the experimental EJP (Figure 7 c). In these 
recordings, therefore, the tissue appears to be at isopo¬ 
tential during the In further support of this 

conclusion is the observation that under conditions of 
field stimulation of the tissue, the estimated membrane 
time constant of these cells (270-300 ms)^^ is very 
similar to the time constant of decay of the EJPs. 

Bennett et al.^^ have carried out a theoretical analysis 
of the signals that one would expect to obtain with an 
extracellular surface electrode of the kind used in the 
studies mentioned above. Their predictions are in very 
good accord with the EJCs experimentally recorded ear¬ 
lier and place confidence in the validity of the new 
measurements. 
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The quantal relation between the EJP and SEJP 

Although the time courses of the SEJP and the EJP are 
widely different, the events have similar ranges of am¬ 
plitudes, from just-discernible to threshold levels for 
action potential generation. The range of amplitudes of 
SEJPs can be explained by the effect of electrotonic 
decrement on events generated in a syncytium at varying 
radial distances from the recording electrode^^’^^. Events 
generated very close to the recording electrode are re¬ 
corded as large SEJPs, and those at larger distances as 
smaller SEJPs. However, the EJP seems not to be com¬ 
posed of an integral multiple of SEJPs, as the quantal 
hypothesis in its simplest form (derived from the prop¬ 
erties of the EPP and MEPP at the skeletal neuromuscu¬ 
lar junction^^) .would suggest. This feature of sympath¬ 
etic neurotransmission, by itself a separate important 
area of investigation, merits a brief comment. The 
problem here is that the EJP and the SEJP arise under 
different prevailing electrical conditions of the tissue (as 
detailed above). The EJP for most of its time course is a 
passive electrical event, and only its rising phase is ac¬ 
tively determined by the underlying junction current 
(see Figures 6 and 7). So, a resolution of transmitter 
release events following nerve stimulation, and electri¬ 
cal identification of sites of release, would require in¬ 
vestigation of its rising phase, in contrast to the decay 
phase, which throws light on the tissue’s electrical prop¬ 
erties. 

Detailed examination of the rising phases of EJPs has 
revealed that they are not entirely smooth but are 
marked by inflexions, and that both the slope and the 
time of occurrence (latency) of these inflexions differ 
from one EJP to the next^^. The first time differentials 
(dF/d/) of the rising phases, therefore, contain sharp 
peaks corresponding to the inflexions, and are termed 
‘discrete events’ (DEs). DEs were postulated to be indi¬ 
cations of the activity of individual transmitter release 
sites close to the recording electrode, the remainder of 
the EJP reflecting the background level of depolariza¬ 
tion in the surrounding tissue. Rising phases of SEJPs 
were similarly differentiated to give rise to spontaneous 
DEs (SDEs). 

Using DEs it has been possible to ‘fingerprint’ differ¬ 
ent release sites around the intracellular recording elec¬ 
trode by virtue of the differences in amplitudes, time 
courses and (for evoked events) latencies of the DEs^^ 
Evidence from these studies suggests that stimulation- 
evoked release from an individual electrophysiologically 
identified release site (possibly a varicosity) is highly 
intermittent, and monoquantal. That is, in a train of 
stimuli, only one in several stimuli activate a particular 
release site. And when a site is activated, the resultant 
evoked DE corresponds exactly to a particular SDE ob¬ 
served in that celvK It is not an integral multiple of the 
SDE. Thus, evoked release must be monoquantal if the 
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Figure 7. Reconstruction of the EJP from the EJC based on Purves’ model''' a averages of 80 EJPs and 
EJCs simultaneously recorded (n.t.i. is the nerve terminal impulse recorded extracellularly); b plot ot the bJC 
in a (filled circles) compared to theoretical EJC (smooth curve) generated by equation (4) of the text;^ c, plot 
of experimental EJP in a (filled circles) along with theoretical EJP (smooth curve) generated by Purves model 
(equation (5) of text) using the underlying EJC (J) as the iriput. Note the agreement between experimental and 
theoretical time courses. In b and c, all events have been normalized with respect to their maximum ampli- 
tudes in order to facilitate comparison of time courses. 

SEJP is held to be a monoquantal event (on which there this hypothesis of intermittent, monoquantal release 
is general consensus). Analysis of EJCs and SEJCs us- from release sites'‘^^^’^ . Tiowever, it should be noted 
ing the extracellular recording technique has confirmed that during an EJP several release sites throughout the 
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ground plexus are activated, and in this sense the EJP is 
a multiquantal event. But because the activated release 
sites are spatially dispersed'^^, in the EJP’s rising phase 
only the contribution of one of the closest sites is usu¬ 
ally recorded intracellularly as a DE, the contribution of 
more distant sites being attenuated by electrotronic fac¬ 
tors. Since release from each of the sites is monoquan- 
tal, and the effect of no more than one of them may be 
recorded during a given EJP, transmitter release will not 
appear to be multiquantal. The EJP is graded with 
stimulation strength because at low strengths fewer in¬ 
tramural axons, and hence varicosities, are activated 
than at higher strengths, leading to different average 
levels of depolarization in the tissue. Hence, the EJP can 
be as small as the smallest SEJP, or as large as the larg¬ 
est, depending upon the stimulation intensity. For a 
more detailed account of this somewhat unusual quantal 
relation, the interested reader is referred to the relevant 
papers and reviews^^’^^’"^^”^^’"^^. 

Summary 

To summarize, theoretical predictions and experimental 
results are now in good agreement about the factors 
governing junction potential time courses in smooth 
muscle. Extracellular recordings have made it possible 
to measure the kinetics of junction currents. Simultane¬ 
ous intracellular and extracellular recordings have es¬ 
tablished that whereas in the case of the SEJP membrane 
potential change follows the time course of underlying 
current, in the case of the EJP it is much more prolonged 
than the current. Spontaneous and evoked junction cur¬ 
rents are similar in time course. These results can be 
explained in terms of the syncytial nature of smooth 
muscle by postulating redistribution of charge in a three- 
dimensional resistive network in the syncytium during 
the SEJP and in an approximately isopotential resistive- 
capacitative network during the EJP. 

Support to this scheme has been lent by studies on 
other kinds of smooth muscle, notably vascular smooth 
muscle, in one particularly interesting case by demon¬ 
strating a corollary to the hypothesis. Hirst and 
Neild^^’^^ described a guinea pig submucosal arteriolar 
preparation which was just one smooth muscle cell layer 
thick. By using short segments of arteriolar branches 
which were less than 0.35 length constants long, they 
showed that the arteriole behaved as a one-dimensional 
cable even for intracellular current injection. Under 
these conditions, the time constant of decay of not only 
the EJP^'^ but also the SEJP"^^ was shown to be similar in 
value to Tm, and the time courses of the EJP and the 
SEJP were identical. Hirst and Neild^^ also estimated 
that the membrane currents underlying both the EJP and 
the SEJP were relatively brief. Hence, when an other¬ 
wise three-dimensional syncytium is rendered-by for¬ 
tuitous physiological arrangement - unidimensional and 


cable-like, its electrical behaviour becomes similar to 
that of a skeletal muscle cell. Finkel et succeeded 
in voltage clamping this one-dimensional arteriolar 
preparation with a single-microelectrode voltage clamp 
system and corroborated these suggestions. It is interest¬ 
ing that the time course of the conductance change in 
this vascular smooth muscle resembles the time course 
of the SEJP in the vas deferens"^^"^^. In other vascular 
smooth muscle, where three-dimensional syncytial prop¬ 
erties are exhibited, tissue electrical properties resemble 
those of the vas deferens^ ^ 

Conclusions 

In this review I have outlined the often tortuous devel¬ 
opment of ideas on smooth muscle electrical properties 
during neurotransmission. It is noteworthy at every stage 
that the methods adopted for determination of electrical 
properties have strongly influenced our theoretical pic¬ 
ture. Thus, although we now have a hypothesis that 
consistently explains many observations and may have 
heuristic value, it might subsequently require modifica¬ 
tion in the face of new observations obtained with more 
refined techniques. Additional questions that require 
attention are: 

(i) In some smooth muscles evidence from different 
lines of experimentation is in conflict regarding whether 
the cells are electrically coupled. In the vas deferens of 
the rat and the mouse it has not been possible to dem¬ 
onstrate cable-like properties using the partition stimu¬ 
lation method^^, indicating restricted or absent 
intercellular current flow, at least in the longitudinal 
direction. Yet, in these tissues the relationship between 
the time courses of the junction potentials and the cur¬ 
rents is as outlined above"^"^, indicating effective electri¬ 
cal coupling. Such discrepancies need to be resolved. 

(ii) What are the properties, in terms of unitary con¬ 
ductance and mean open time, of the neurotransmitter- 
activated ion channels which underlie the development 
of the SEJP and the EJP? Patch clamp studies have so 
far failed to provide the answer, as only whole-cell re¬ 
cordings have been possible^^. An alternative approach 
to the problem might be to carry out fluctuation analysis 
of transmitter-activated membrane noise^’^^, which 
would provide indirectly, but reliably, the information 
of interest. 

(iii) Not all EJPs have simple time courses. In many 
cells their decaying phases can be complex, being described 
by more than one time constant of decay^^, and one of these 
phases may be briefer than Tm. Theoretical studies need to 
be done on how such EJPs might arise. This may perhaps 
best be begun by considering simple equivalent circuits 
for the tissue, intermediate in complexity between the 
three-dimensional syncytial and the isOpotential cases, 
and estimating the voltage responses in these^^. 
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(iv) The identity of the subcellular structures that al¬ 
low intercellular electrical coupling in smooth muscle is 
controversial. In other syncytial tissues, the structure 
generally accepted to underlie coupling is the ‘gap 
junction’^"^. However, in the case of smooth muscle the 
evidence for the existence of gap junctions between 
cells is equivocal, as is their function when present^"*’^^. 
It will be interesting to see whether a morphological 
substrate is soon established for the electrical coupling 
that is so strikingly evident functionally and that plays 
such an important role in determining tissue electrical 
properties under different conditions. 
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Flexicrystallography: Curved surfaces in 
chemical structures 

Alan L. Mackay 
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The various periodic minima! surfaces and nodal 
surfaces, some of which can he related to infinite 
regular and semiregular polyhedra, extend the 
vocabulary of crystallography from finite-coordination 
polyhedra by making visible two-dimensional mani¬ 
fold in which atoms may be seen to reside. Recently 
developed computer programs have greatly facilitated 
advances in this area. Traditional crystallographic 
geometry does not apply to curved structures but may 
be generalized to finite and infinite arrangements, 
where strict equivalence is replaced by quasi¬ 
equivalence. 

Especially in biology, assemblies of many copies of 
the same unit, glibly characterized as imperfect crys- 
talls, can often be seen to have regularities outside the 
compass of the 130 space groups. 

The term ^flexicrystallography^ is suggested for the 
geometric regularities observed in what de Gennes calls 
^soft matter’. Vesicles, myelin, plant prolamellar bodies 
and zeolites provide examples of one-, two- and 
three-dimensional flexicrystals. 


In 1934, J. D. Bernal and Dorothy Crowfoot took an 
X-ray diffraction picture of a crystal of pepsin which 
showed that it had a definite structure down to atomic 
resolution. From 1927, W. T. Astbury had been obtaining 
X-ray diffraction pictures, full of potential information, 
from silk, wool, cotton and other fibres and the new 
world of molecular biology (Astbury’s words) had been 
discovered. Bernal and Astbury made a mutual agree¬ 
ment, like the Spaniards and the Portuguese dividing 
the New World of the Americas between themselves 
by the Treaty of Tordesillas in 1494, that Bernal should 
take the globular proteins and Astbury the fibrous for 
their research. 

The methods of X-ray crystal structure analysis since 
then have proved immensely successful, some 200,000 
structures now being known. They require crystals and 
the price paid for this kind of microscopy is the assump¬ 
tion that all the unit cells in the crystal are identical. 
Crystallization normally ensures this, but most natural 
structures are not crystals and their analysis has been 
left relatively behind, although,. for example, TMV 
(tobacco mosaic virus) particles have now been success¬ 
fully examined to atomic resolution from ordered tex¬ 
tures. Quasicrystals and incommensurate modulation have 
also required the extension of crystallographic notation 
and so have fibres and helices, where structural units 

CURRENT SCIENCE, VOL. 69, N0.2,25 JULY 1995 


are basically linear and thus one-dimensional. We now 
examine structures where atoms or molecules are arranged 
in curved surfaces and finite and infinite two-dimensional 
manifolds are prominent. 

In 1967, Bernal, influenced by D’Arcy Thompson’s 
‘Growth and Form’ and perhaps by Ernst Haeckel’s call 
for a ‘crystallography of organic forms’, elaborajted his 
earlier ideas for a ‘generalized crystallography’, which 
would systematize those structures, often made of only 
a few types of molecule, which were ordered but not 
crystalline. The Theoretical Biology Club in Cambridge 
of the 1930s, which included J. D. Bernal, C. H. 
Waddington and J. Needham, were convinced that liquid 
crystal structures were the bridge between living and 
nonliving matter. The concept of hierarchic levels of 
organization (integrative levels) was dominant and was 
much emphasized by Bernal, Needham and by Whyte^t 
However, liquid crystals, vesicles and fibres usually do 
not fit into the formalism of the 230 space groups. Five¬ 
fold symmetry also is outside this framework, although 
in 1931 Hermann pointed out that textures might have 
icosahedral symmetry. Combination of this idea with 
that of hierarchy led to the prediction of quasicrystals, 
which were discovered in 1984. Pauling’s demonstration 
of the a-helix with 3.6 residues per tum^, incommen¬ 
surable with the screw axes of the space groups, showed 
that crystallography was not enough. Recent develop¬ 
ments have advanced towards what we might call non¬ 
conformist crystallography or flexicrystallography, where 
cognizance is taken of structures outside the framework 
of orthodox crystallography. The key concept is that of 
the curvature of one-, two- and three-dimensional mani¬ 
folds. A wide range of curved two-dimensional manifolds 
is now available as mathematical objects which can be 
used, as the 230 classical space-groups are used, for 
conceptualizing the arrangements of atoms and molecules 
in space. The most important set of these are the periodic 
minimal surfaces (of which now about 50 are known). 

Since the 230 space groups supply the complete 
answer to the requirement of positioning identical units 
in three dimensions, the concept of exact equivalence 
has to be replaced by that of quasiequivalence, as 
proposed formally by Caspar and Klug in 1962 in 
connection with the arrangement of more than 60 virus 
particles on the surface of a sphere. Problems of the 
quantification of symmetry thus arise since exact identity 
is ruled out. 
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Curvature of a surface 

At each point (apart from singularities) a surface has two principal curvatures, fe, and k^, in 
perpendicular planes, each including the surface normal, and = the radii of the 

tangent circles. The Gaussian curvature K is then /c,^ (dimensions and Ihe mean curvature H 
is {/c, + /^)/2 (dimensions L"^). 2H~6n n, the divergence of the unit vector normal to the surface. 

A soap film with equal pressures on its two sides has H=0 (or, If the pressures are different, 
H is proportional to the pressure difference) and is called a minimal surface. Any small closed loop 
on such a surface has a minimum area. Given a boundary, a surface across it has H-0, and 
there may be several, may be stable or, unstable (with respect to small displacements). 

On a curved surface of radius R the area of a spherical triangle, bounded by arcs of great 
circles, is given by the spherical excess and is C), where A, 6 and C are the 

internal angles of the spherical triangle. Thus, there are no similar triangles in spherical and hyperbolic 
trigonometry, no parallel translations and, consequently, no crystallography. 

On a curved surface the perimeter of a small circle of radius r is 27tr(1 -/CrV3 + 0(r®)). 

The Gauss-Bonnet theorem, which follows from Stokes* theorem, states that the Gaussian 
curvature integrated over the surface is equal to the integral of the angles between successive 
segment of the boundary if the latter is made up of geodesics. 


Curved surfaces such as those appearing in membranes 
may be finite or infinite. Finite vesicles, surfaces of 
lipid molecules surrounding the water phase, may, for 
example, be spherical or toroidal. Fullerenes^ may be 
spherical or tubular or perhaps even infinite. Lyotropic 
liquid crystal phases may be infinite and periodic. The 
discovery and classification of periodic curved minimal 
surfaces has recently advanced rapidly. 

Periodic minimal surfaces 

Periodic structures have to belong to one or the other 
of the 230 space groups of classical crystallography and 
it was the achievement first of H. A. Schwarz and G. R. 
Neovius, then of A. H. Schoen (1961), then of S. Hyde 
and S. Andersson and finally of W. Fischer and E. 
Koch, to find how patches of curved minimal surface 
can be repeated to give infinite, three-dimensionally 
periodic, minimal surfaces. In concept, a patch of soap 
film is hung across the asymmetric region of a particular 
space group and is repeated by the symmetry operations 
of that group to give a continuous surface dividing all 
space into two separate regions (which may be congruent 
or different). The film where it is repeated by mirror 
planes and diad axes must join smoothly so that H is 
zero everywhere. We have here a compromise between 
locally non-Euclidean sheets and long-range periodicity. 

When H is zero, the two curvatures are equal and 
opposite and their product K, the Gaussian curvature, 
is everywhere nonpositive. K may be zero at certain 
flat points or umbilics,* for example, where a threefold 
axis intersects the surface. Since the Gaussian curvature 
is negative almost everywhere, the two-dimensional sur¬ 
face resembles locally the hyperbolic plane and has a 


non-Euclidean metric. The perimeter of a circle is greater 
than 2nr and thus the hexagonal close packing of 
spheres, appropriate for the plane, no longer fits tightly. 
In the plane the mean number of neighbours, the co¬ 
ordination number A, in a triangulated arrangement of 
points, is 6. On a surface with K negative, N must be 
greater than 6 and with K positive (as on a sphere), N 
must be less than 6. Indeed, we know that, as in 
fullerenes, in order to make a closed shell of hexagons, 
12 disclinations where we have rings of five are necessary 
(or their equivalent in squares and triangles). If we 
insist on a few rings of seven in a hexagonal net, then 
a tangle like seaweed may result. A periodic minimal 
surface is an ordered structure which answers to this 
requirement for A > 6. In anticipation such, as yet hypo¬ 
thetical, structures of carbon have been provisionally 
named schwarzites (by V. Elser after H. A. Schwarz). 

Patches, with a locally non-Euclidean metric can thus 
be sometimes reconciled with three-dimensional crystal¬ 
linity. 

Exact minimal surfaces are quite hard to compute. 
Exact methods involve the Weierstrass integrals (which 
are line integrals in the complex plane with elliptic 
functions). Some of the Weierstrass integrals have recent¬ 
ly been solved as algebraic functions which are directly 
available in modern mathematical computer systems such 
as Mathematica. Finite element methods are also effec¬ 
tive, and have now been brought into a usable form in 
the Surface Evolver program of K. Brakke, freely avail¬ 
able through the Minnesota Geometry Centre for the 
working chemist who may wish to conjure up a surface 
to compare it with, for example, an actual zeolite or 
lipid structure. 

The problem of plotting soap-film and other surfaces 
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At the Minnesota Geometry Centre, K, Brakke has devetopad a program Surface Evolver (freely 
available by electronic mail) which makes the finite element methods of engineering available for 
problems like those of soap films of aititrary shape. Many more elaborate calculations involving 
contact angle, gravity, other functions of curvature, etc,, are possible* It works extraordinarily fasl 
on ordinary 486 PC and other computers and greatly extends the possibilities available to individual 
chemists. . .. . ^ . . ; : . ' 


Mathematica 

The mathematical program system Mathematica, developed by Steven Wolfram^-enables many 
algebraic, numerical and graphical calculations to be carried out automatically* In particular, we have 
used the operation ContourPlotSD, which expeditiously draws the surface f {x, y, 2 )«0, even though 
the variables may not be separable* Many of the figures here used this. Hypergeometric functions, 
earlier available only in obscure tabulation, catf be caffad directly for plotting surfaces* The importance 
of this development on the outlook of chemists towards mathematics cannot be overemphasized. 
We are in a new period. ' .' * \ 


has become simplified by the revival of interest in 
structure factor graphs'^. These are nodal surfaces in the 
various crystallographic space groups. When calculations 
of scattering factor were done by hand, to see if they 
matched the X-ray diffraction data and thus confirmed 
the postulated structure (or not), it was useful to see 
the effect on the calculated structure factors of moving 
a particular atom and its symmetry-related equivalents. 
The structure factor in question, a sum of sine waves, 
could be plotted in space, but, in fact, Bragg and Lipson^ 
used only sections. The nodal surface of the structure 
factor in question divides space into two regions; on 
one side of the nodal surface the atom contributes 
positively, on the other side it contributes negatively 
and on the surface it has zero contribution to the 
diffracted intensity. The position of an atom can be 
adjusted accordingly. Now with computer graphics these 
surfaces can be readily plotted in three dimensions. 

It turns out that these nodal surfaces are sometimes 
close to minimal surfaces with the same space group. 
Here the symmetry-related sine waves corresponding to 
a form {h,kj) for a particular space group are added. 
To get a still better approximation it may be useful to 
add structure factor expressions for twp or more forms. 
This method of expansion of an arbitrary surface as a 
series of Fourier terms had been used to describe Fermi 
surfaces, some of which are similar to the standard 
periodic minimal surfaces. 

The infinite polyhedra (skew polyhedra), found by 
Coxeter and Petrie when they were undergraduates, are 
limiting cases where the curved surfaces become flat 
panels. These have become familiar through their occur¬ 
rence in zeolite frameworks. 
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Electrostatic equipotentials 

A further important class of surfaces arise in crystal¬ 
lography while considering the Coulomb forces in ionic 
structures. The zero equipotential between the positive 
and negative ions in the cubic CsCl (which is primitive 
cubic with one ion at (0,0,0) and the other at 
is close to the P-surface (the simplest periodic minimal 
surface). This in turn is close to the nodal surface 
corresponding to the {1, 0, 0} reflections (three equivalent 
sine waves). Additional tenns can be added to give any 
required degree of accuracy^. Calculation of the potential 
in a lattice of charges and the evaluation of the Madelung 
constant are related to the very slow convergence of 
the lattice sum. However, Ewald’s original observation^ 
that the potential involved elliptic integrals provides a 
powerful method which can be used for calculating 
equipotential surfaces. 

Plotting nodal surfaces 

Given, for example, the Mathematica program system 
and an additional program Contour PlotSD, this and 
other nodal surfaces can be directly generated. However, 
pictures of the various nodal surfaces can be obtained 
faster by stochastic method. Either a point can be 
followed as it runs over the surface following a geodesic, 
or particle may be reflected back and forth inside one 
of the two regions of the system and its position can 
be marked whenever it strikes a surface. This method 
gives a random dot pattern where the surface is evident 
only if a stereo pair is constructed. Such pairs could 
serve as a test for stereopsis after the method developed 
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Nbdai surfaces 




iHii 


'Nodal surfaces in a standingJwave fietd^am; tKIv^^^ the am'iDlitude ts zero. They becarne 

'familiar in Chladnrs demonstrkion of/tha 'mdvernent of fine sand on vibrating plates, although, of 
' course* the Pythagoreans knew of the one-dirnenslonat case ;of the monochord. Where the amplitude 
'is. zero the phase angle is indeterrnfnate?'\^:i~t|:j:?‘''' ' / 

The physical (as well as: the mathemaficai)' formulation of material periodic surfaces by the use 
of-nodai surfaces in acoustic* optical and perhaps X-ray standing-wave fields is also advancing. 

The contribution to the reflection h kj of ^ one atom with scattering factor f and fractional 
coordinates x*y, z with respect to a predetermined origin in a crystal with a particular space group 
crystal ts given, by ^ 

^ f(cos[2K(hx+ /cy^ /^] ^ i stnI2it(/7X*f'ky4* Iz )])., 

The number and phases of the symmetry-equivalent atoms depend on . the space group. There 
may be up to 192 atoms for the most symmetrical cubic case. A iow-symm6try space group may 
generate no surfaces. This was the summation used by Bragg and Upson. 

' A variant, relevant for building up arbitrary surfaces, consists in adding all symmetry-equivalent 
reflections of the form {h, K /}' to give an image, (When there are no translation elements the two 
types of sum may be the same,) The sum may usually be expressed more concisely preferring the 
products of sine and cosine terms required by the early form of the fast Fourier transform used in 
. the hand summation method of the Beevers-Upson strips extant before the advent of the electronic 

Tables of such structure factor and electron density expressions were developed by K. Lonsdale 
and W, F. Astbury and are now embedded in the International Tables for Crystallography. 

The nodal surface is the plot of the values of (x, y* z) for which 4^^ is zero. {Both real and 
imaginary parts of f must be zero.) / . 

A table of nodal surfaces equivalent to various periodic minimal surfaces has been given by 
von Schnering and Nesper^. . . 


by Bela Julesz. The diffusion of atoms in a molecular 
sieve can be simulated and parameters such as the 
Lyapunov coefficient calculated. 

Zeolites 

Many of the frameworks of zeolite minerals can be 
seen to lie on periodic minimal surfaces. The clearest 
example is that of faujasite, where large tetrahedral 
units-four tubes meeting at 109° to each other, follows 
the D"Surface with a diamond type of structure. 

Extension to iV-dimensions 

Since the expression cosx +cosy + cosz= C gives, as 
C varies, a set of surfaces parallel to the {10 0} nodal 
surface, this could be embodied into a generalized form 
cosx + cosy+ COSZ + COS vi^ = 0, which would be a 
four-dimensional nodal boundary. The whole set of 
parallel surfaces would be obtained as sections through 
this four-dimensional object. The curved three-dimen¬ 
sional space which is the three-dimensional analogue 
of the surface of a sphere, has been used, particularly by 
Sadoc and Kleman in Orsay, for modelling amorphous 
materials. 


Finite surfaces 

Vesicles are small micelles of lipid molecules containing 
a water phase. Usually, they are spherical, but, recently, 
toroids^’^ and elaborate helically twisted cylinders^^, have 
been observed. They are the most organized and perhaps 
tractable of the great variety of lyotropic structures 
encountered in biology. 

A closed surface where, for a given volume, the 
integral of over the surface is a minimum is called 
a Willmore surface. For a symmetrical torus this mini¬ 
mum is achieved for a ratio of ^ between the two 
radii. It has also been shown that this integral is invariant 
with respect to a conformal transformation of the torus 
into a Dupin cycloid^. 

Curiously, as pointed out also by Andersson^^ the 
finite crystal forms {h,k,l} of traditional mineralogy 
can be plotted by using expressions similar to the nodal 
expressions given above for periodic minimal surfaces 
but replacing sine and cosine by the hyperbolic sine 
and cosine. Thus, for example with {1,0,0}, 
coshx + coshy + cosh z= 1000 gives a cube, and with 
{1,1,1}, cosh(x + y+ z) + sinh(x + y + z) = 1000 gives a 
tetrahedron. In the complex plane cosine and cosh are 
at right angles to each other. 
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For captions, see page 160. 
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Figure captions 


Figure 1. A soap film surface over a tetrahedral frame. Figure from 
H. A. Schwarz (1865/1890). 


Figure 2. The Neovius surface (figure from Neovius’ thesis, 1883). 
One compartment is connected by__12 tubes in the [11 0] directions 
to the next. The space group is Im3m if the two sides of the surface 
are taken to be identical. The 96 equivalent curved unit triangles have 
angles 45”, 45” and 30“ with a deficit of 60” per triangle. 


Figure 3. The P-surface (generated as the surface cos;c +cosy+ 
cosz = 0). This wa£ one of the five found by Schwarz (1865- ). The 
space group is Pm3m (thence__P for primitive) if the two sides of the 
surface are different, and Im3m if they are the same. There are six 
tubes in the [10 0] directions. This surface is also close to that of 
the V=:0 equipotential in the structure of cesium chloride (where Cs"^ 
is at 0,0, 0 and Cr at 2 > 2 ’ i)* equivalent asymmetric triangles 

have angles 90”, 45”, 30”. 


Figure 4. A statistical nodal surface generated by R. Phippen, after 
J. W. Cahn, by adding 20 sine waves all of the same wavelength but 
with random phases, directions and amplitude^ The surface is contoured 
at 0.5, 0.375, 0.25 and 0.125 and may represent an oil/water emulsion. 


Figure ^60’ the molecule of buckminsterfullerene, where 60 atoms 
are distributed on the surface of sphere, each atom being identically 
situated. There are two different bond lengths, so that the figure is 
not exactly that of semiregular Archimedean solid, the truncated 
icosahedron. Each hexagon has six neighbours and each pentagon five, 
so that the mean number is less than six. 


Figure 6. The D-surface (D for diamond) (due to Schwarz). Forty-eight 
of the tetrahedral saddles shown in Figure 1 are contained in a 
face-centred cubic cell (space group). If the tetrahedral bonds in the 
diamond structure are inflated to tubes, so that the volume inside the 
tubes is equal to that outside, then this D-surface is obtained. Alter¬ 
natively, the D-surface can be seen as the surface separating the two 
bonding networks in the structure of cuprous oxide. 


Figure 7. The T-surface (T for tetrahedral) found by Schwarz. The 
c/a ratio may be varied but the surface is drawn here with c/a = \. 


Figure 8. The G-surface (G for gyroid) is a remarkaWe surface found 
by Alan Schoen around 1960. The space group is Ia3d if both.'sides 
of the surface are considered equivalent. The two subspaces are mirror 
images of each other. It is, in a sense, midway between the P- and 
D-surfaces. 


Figure 9. The o-CLP-surface (CLP stands for crossed layers of 
parallels in Schoen's nomenclature, o for orthorhombic). One of the 
13 new surfaces found by Schoen. It has variable cell dimensions. 
Drawn with these proportions it shows the way in which catenoidal 
bridges may connect almost parallel sheets as perhaps in the transfor¬ 
mation of a layer-structured lipid to cubically cross-connected structure. 

Figure 10. The I-WP-surface (IWP is I (body-centred) wrapped 
package in Schoen’s nomenclature) with the space group Im3m. Here 


the two subspaces are no longer equivalent but have a volume ratio 
of ^ to 2. Cvijovid has given an exact expression for the surface 
in terms of hypergeometric functions (used here for plotting it). There 
are eight tubes in the [1 1 1] directions. 


Figure 11. The same IWP cell plotted with a different origin. 


Figure 12. A 2 x 2 x 2 block of the IWP surface showing how an 
extended volume builds up. It might be used as a heat exchanger, or 
for separating two chemicals for a binary reaction, etc. 


Figure 13. One of the eight tetrahedral joints which make up the 
unit cell of the IWP surface. This was plotted by Mathematica with 
the ContourPlot3D program as the nodal surface of the superposition 
of several sine waves. 


Figure 14. The S-surface, plotted as the nodal surface of the form 
{211} with the function cos 2x sin y cosz + cos jc cos 2y sinz-H 
sinx cosy cos2z = 0. The space group is Ia3d if the two sides are 
considered identical. 


Figure 15. The P-surface in which a graphite net has been embedded 
with the introduction of disclinations making some rings of six carbon 
atoms into nonplanar rings of eight. Calculations indicate that this 
negatively curved structure should be more stable than that of spherical 
(positively curved) buckminsterfullerene but it remains hypothetical. 


Figure 16. A graphite net mapped on to the G-surface (and on to 
a number of the other surfaces). 


Figure 17. The surface of zero mean curvature between two parallel 
rings is a catenoid, but there are two solutions; one stable (below) 
and one unstable (above). The stable surfaces are very easily mapped 
using the finite analysis methods provided by Surface Evolver. Unstable 
surfaces are more difficult to model and require additional conditions 
(such as a fixed internal volume). 


Figure 18. By changing the positions of the rings in the previous 
example, the area of the surface of a soap film hanging between two 
perpendicular circles, each through the centre to the other, can very 
rapidly be found numerically with the Surface Evolver program. 
Algebraic treatment is reported to be so far impossible. 


Figure 19. Other difficult problems, such as finding the surface of 
two joined square catenoids, which appear in certain surfaces dis¬ 
covered by Fischer and Koch, are readily solved by the Surface 
Evolver. 


Figure 20. By following geodesic lines on a surface, in this case 
the dodecahedral nodal surface formed by adding six sine waves, the 
surface can be mapped out. The trajectory of a point is deterministically 
chaotic and eventually covers the whole surface. 
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Illustrations 

The plates illustrate a number of shapes now being pro¬ 
duced. They are explained in the associated captions. 
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Observed and theoretical acceleration response 
spectra in the Tehri region: Implications for 
seismic hazard in the region 


K. N. Khattri 


Wadia Institute of Himalayan Geology, 33, General Mahadeo Singh Road, Dehra Dun 248 001, India 


This paper presents an estimate of the seismic hazard 
in the Tehri region of the Himalaya. Theoretical 
simulations of strong motion expected in the vicinity 
of the fault of a = 7 earthquake are used in con¬ 
junction with observed strong motion data for the 
1991 Uttarkashi earthquake to conclude that for 
such an earthquake the peak acceleration at Tehri 
can be ~ 0.8 g. The corresponding spectral accelera¬ 
tion at r = 1 s can be ~ 0.98 g. Analysis of the strain 
budget of the region and a finite probability of oc¬ 
currence of a great earthquake (Ms > 8) in the next 
100 years or so is estimated. The spectral accelera¬ 
tion (r~ 1-2 s) in the near-field region of such an 
earthquake is estimated to be of the order of 1 g. 


Estimation of seismic hazard is ordinarily based on 
one-parameter characterization of ground shaking, such 
as peak ground acceleration, peak ground velocity or 
peak ground displacement. The maps specify values 
of the chosen parameter at various sites with a given 
probability of exceedance in a chosen time span. Such 
single-parameter descriptions are most appropriate for 
characterizing the damage potential to short-period 
structures. However, in assessing the damage potential 
to complex structures such as dams and power plants, 
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where a range of periods of the main structure and the 
substructures are involved, the details of the strong 
ground motion histories are needed to estimate properly 
the seismic hazard. For the purposes of seismic hazard 
characterization, the information in strong-motion time 
history is transformed into response spectrum, which 
specifies the levels of expected spectral accelerations at 
various periods. 

Modelling is a standard scientific technique used for 
identifying the essential features of natural phenomena. 
Models are used to extrapolate and predict phenomena 
in domains for which empirical observations may not be 
available, but are needed. This is especially true in 
strong-motion seismology, as relatively few strong- 
motion accelerograms have been recorded so far, and 
the expected strong-motion time histories in earthquake- 
prone zones are needed to determine the parameters for 
earthquake-resistant design of structures. 

In this paper we use the composite source model to 
represent a hypothetical earthquake similar to the 1991 
Uttarkashi earthquake (Mg =7) placed near Tehri, and 
use wave propagation theory to simulate the strong 
ground motions at Tehri^^^. We compare the results with 
those recorded for the Uttarkashi earthquake and show 
that the simulated strong ground motions are realistic. 
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Figure 1. The observed pseudorelative response spectra at Bhatwari 
for the 1991 Uttarkashi earthquake (Mg = 7) are shown by solid line. 
The synthetic spectra for Uttarkashi earthquake are shown by short 
dashes (no filtering of the synthetic accelerogram) and by interme¬ 
diate dashes (filtering of the synthetic accelerograms with a filter 
equivalent to the one used in the observed accelerogram data pro¬ 
cessing. The long dashes show the response spectrum for an 
Mw = 8.5 earthquake^ Note that the agreement between the observed 
and the synthetic response spectra is good for periods longer than 
0.2 s. The damping in all cases is at 5%. 


We compute the response spectra for the simulated 
event, and compare them with the response spectra 
obtained at Bhatwari and Uttarkashi for the 1991 Uttar¬ 
kashi earthquake. These sites were at comparable dis¬ 
tances from the surface projection of the respective fault 
plane edge as was the simulated event from the surface 
projection of the fault plane edge of the hypothetical 
earthquake. 

The magnitude of the most damaging earthquake that 
may strike the region in the next 100 years or so is also 
estimated using the available data on the past history of 
great earthquakes, the geological model of active tecton¬ 
ics in the region, and the strain rates obtained from a 
variety of geological and geophysical measurements as 
well as seismological data. The corresponding peak as 
well as spectral accelerations expected in the earthquake 
fault region are estimated. The peak accelerations ex¬ 


pected on the basis of probabilistic analysis of seismol¬ 
ogical data are estimated and compared with those 
determined by the deterministic methods mentioned 
above. 

The modelling procedure 

The ground motions due to an earthquake depend on the 
position and nature of the earthquake source and the 
properties of the intervening medium; density, wave 
velocity and wave attenuation as a function of space 
coordinates. Knowing these parameters one can use the 
available theoretical frameworks to estimate the ex¬ 
pected strong ground motions at a site. 

Since earthquakes involve a complex process of rock 
fracturing, the procedure consists of representing the 
earthquake fault as a superposition of a large number of 
smaller circular subfaults distributed randomly over the 
earthquake fault plane. This models the heterogeneous 
nature of the earthquake faulting process. The number of 
subfaults with a given radius (R) is proportional to 
(l/R^X where D is a fractal dimension. All subevents are 
assumed to have the same stress drop. Each subfault 
radiates a Brune source pulse"^’ The sum total of mo¬ 
ments of all the subfaults is constrained to equal the 
earthquake moment. The rupture is initiated at the hypo- 
centre and sets off other subfaults as its rupture front 
expands and touches their centres. The elastodynamic 
radiation, for an appropriate model of earthquake 
source, is propagated to the site of observation by using 
numerically synthesized Green’s functions for an appro¬ 
priate layered earth structure. For D = 2, one obtains an 
falling off of the spectrum at high frequencies of the 
elastodynamic radiation from a composite fault as used 
here. This is consistent with the empirical observations^. 

Results 

Khattri et al? and Y\x et al} used the above approach to 
model the strong ground motion records of the 1991 
Uttarkashi earthquake and sho\yed that the technique is 
able to reproduce the essential stochastic features of the 
observed data. The corresponding response spectra were 
also well matched over a wide range of periods. An ex¬ 
ample of this is shown in Figure 1. The response effects 
of the local (shallow) site geology, which is not known, 
is the most likely cause for the observed differences 
between the observed and the simulated spectral accel¬ 
erations. Other factors that can contribute to the differ¬ 
ences are inaccuracies in the velocity models used, as 
well as resonance effects of the severe topography in the 
region. 

In this paper we use the above technique to estimate 
the nature of strong ground motions at Tehri expected 
for a hypothetical future earthquake of magnitude 
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Ms = 7, having similar fault plane solution and focal 
depth as the 1991 Uttarkashi earthquake. The fault plane 
of the hypothetical earthquake lies in the vicinity of 
Tehri, as shown in Figure 2. Tehri is located near the 
NW corner, but lies within the surface projection of the 
fault plane. The fault plane is located at a depth of 12 
km with a dip of 14° towards NW. The strike of the fault 
plane is 317°. The area of the model fault plane is 
16 X 24 km^. This is based on the evidence for the 1991 
Uttarkashi earthquake and the empirical relation avail¬ 
able between fault dimension and the earthquake magni¬ 
tude^. The slip is of thrust type, with the overthrusted 
block moving in an approximately SW direction. The 
velocity model used is shown in Table 1^’ Note that a 
top layer of low velocity is included in the model to rep¬ 
resent a weathered layer, and (or) sediments. A stress 
drop of 30 bar is used in the simulation. 

The synthetic acceleration time histories at Tehri for 
the transverse, vertical and longitudinal components are 
shown in Figure 2. The duration of strong shaking is 
approximately 8 s. The transverse component shows the 
largest value of 816 cm/s^ for the peak acceleration. The 
peak acceleration values for the longitudinal and the 
vertical components, respectively, are 573 cm/s^ and 
537 cm/s^. There is a lower-frequency component in 
these accelerograms which seems to separate the larger 
acceleration peaks. 
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Figure 3 shows the spectra of the acceleration time 
histories. The spectra show a corner at a frequency of 
about 0.02-0.04 Hz, which corresponds to a source di¬ 
mension radius of -8 km. This is consistent with the 
subfault size chosen for modelling the earthquake 
ground motions. At 10 Hz the sudden drop in amplitude 
is due to the computation of the Green’s functions up to 
that frequency only. 

The acceleration response spectra at 5% damping are 
shown in Figure 4. The highest spectral accelerations of 
about 2 g are observed in the short period range of 0.1- 
0.7 s. At a period of 1 s, the spectral acceleration value 
is - 1 g for the T component, ~ 0.7 g for the L compo¬ 
nent and - 0.3 g for the vertical component. At a period 
of 2 s, the spectral acceleration value is - 0.8 g for the L 
component, 0.55 g for the T component and - 0.2 g for 
the vertical component. 


Table 1. Velocity and Q model 


Thickness 

(km) 

Fp 

(km/s) 

Qf 

Vs 

(km/s) 

Qs 

Density 

(g/cc) 

0.4 

3.5 

50 

2.00 

25 

1.80 

1.0 

5.0 

80 

2.86 

50 

2.40 

15.0 

5.2 

4000 

2.97 

2000 

2.60 

30.0 

6.0 

4000 

3.43 

2000 

2.90 

Infinity 

8.33 

1000 

4.83 

500 

3.30 
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Figure 3. Fourier spectra of accelerograms synthesized for the site at Tehri. 


Discussion 

Accelerations near the fault zone 

We discuss the theoretical results obtained above in the 
light of the observed strong motions at Uttarkashi and 
Bhatwari for the 1991 Afs = 7 Uttarkashi earthquake. 
These sites are located close to (within about 2-10 km) 
the surface projection of the inferred fault plane. Also, 
they are located in the direction of rupture propagation. 
In the simulated model, the Tehri site is located over the 
surface projection of the fault plane, about 7 km inside 
it. It is also in the direction of rupture propagation. 

The observed accelerograms for Bhatwari and Uttar¬ 
kashi are shown in Figures 5 and 6, respectively. Bhat¬ 
wari is at an epicentral distance of 25 km and Uttarkashi 
at 36 km. Although the epicentral distance loses its con¬ 
ventional meaning in the near field of the earthquake, it 
serves to provide a reference scale in terms of relative 
positions with respect to the fault plane as well as the 
fault dimension. The propagation effects will also be 
governed by this parameter. Peak accelerations of 


0.24 g, 0.30 g and 0.19g have been recorded for L, T 
and V components, respectively, at Uttarkashi. Simi¬ 
larly, peak accelerations of 0.25 g, 0.24 g, 0.29 g have 
been recorded for L, T and V components, respectively, 
at Bhatwari. 

The peak acceleration represents the high-frequency 
component of the energy, and most of it will be con¬ 
tributed by the faulting process near the site. Since both 
Bhatwari and Uttarkashi are at similar distances from 
the fault edge, they are likely to have similar values of 
the peak accelerations. Such is indeed the case, as is 
documented above. However, at lower frequencies 
(longer periods) the contributions from the entire fault 
plane will be important, as they will become increas¬ 
ingly coherent with longer periods (wavelengths). Thus, 
the entire fault plane will contribute to the energy. The 
epicentral distance will also play a more significant role 
in determining the amplitude. This phenomenon can be 
observed better in the response spectrum. 

The response spectra at Bhatwari and Uttarkashi are 
shown in Figures 7 and 8, respectively. We note that the 
shorter-period spectral responses (0.1-0.4 s) show com¬ 
parable levels at the two stations, in keeping with simi- 
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UTTARKASHI EARTHQUAKE 
OCTOBER 19, 1991 
Ms 7.0, mh 6.S 

SITE : UTTARKASHI DEL 36 fci 



Figure 6. Accelerograms recorded at Uttarkashi for the 1991 Uttarkashi earthquake (M^ = 7). 


lar observations for the peak acceleration values. How¬ 
ever, the long-period spectral responses begin to show 
the effects of epicentral distance. For example, at ~ I s 
period, the spectral accelerations at Bhatwari and Uttar¬ 
kashi are, respectively, 0.22 g and 0.10 g for the L com¬ 
ponent, 0.43 g and 0.18 g for the T component, and 
0.11 g and 0.10 g for the V component. Similarly, at 2 s 
period, these values are 0.08 g, 0.03 g for the L compo¬ 
nent, 0.11 g and 0.04 g for the T component, and 0.06 g 
and 0.05 g for the V component. We notice a falling off 
of spectral acceleration amplitudes for the horizontal 
components by a factor of about 3 at these longer peri¬ 
ods for a change of epicentral distance from 25 km for 
Bhatwari to 36 km for Uttarkashi, i.e. an increase of 
11 km. 

Let us now consider the results obtained for the case 
of simulation for Tehri. As noted above, peak accelera¬ 
tions of 0.82 g, 0.57 g and 0.53 g have been obtained for 
T, L and V components, respectively. The largest value 
is higher by a factor of about two-and-a-half compared 
to the observed value at Uttarkashi. This increase is 
theoretically anticipated on account of the smaller dis¬ 
tance of Tehri to the fault plane, its smaller epicentral 
distance (~ 14 km), as well as resonance effects of the 
near-surface low-velocity layer at Tehri. 

The estimated spectral accelerations at Tehri are 
about 3 to 4 times those observed at Bhatwari for 


periods up to 1.7 s. At 2 s period, an amplification by 
7 has also been observed. In general, the scaling is in¬ 
creasing for longer periods both for the empirical data* 
set (from Uttarkashi to Bhatwari) as well as in the syn¬ 
thetic case (from Bhatwari to Tehri). As discussed 
above, this is a consequence of increasing coherency of 
the elastodynamic radiations at longer periods. The 
scaling by a factor of 3 to 4 is consistent with similar 
scaling observed between Bhatwari and Uttarkashi for a 
reduction of 11 km in the epicentral distance. The epi¬ 
central distance reduction for Tehri is 10 km with re¬ 
spect to the epicentral distance for Bhatwari. The 
various data described and discussed above are given in 
Table 2. The systematic dependence of the spectral ac¬ 
celerations on the epicentral distance discussed above is 
shown in Figure 8. 

The synthetic strong-motion histories are consistent 
with the observed data at Bhatwari and Uttarkashi for 
the 1991 Uttarkashi earthquake. They have the appro¬ 
priate amplitude envelope, duration and frequency 
characteristics. However, as discussed above, the obser¬ 
vations at Bhatwari and Uttarkashi do not provide a 
suitable basis of estimate of the peak acceleration at 
Tehri, as both these sites were outside the fault zone; 
secondly, the Tehri site is well within the fault zone in 
the model calculations; and thirdly, it includes a low- 
velocity layer at a shallow depth, which will introduce 
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UTTARKASHI EARTHQUAKE 
OCTOBER 19. 1991 
Ms 7.0 mb 6.5 
SITE : BHATWARI; DEL 25km 


V comp. 



0.1 1 10 
Period s 



L comp. 


T comp. 



Period s ’ Period s 


Figure 7. Response spectra at Bhatwari for 5% damping, for the accelerograms in Figure 4. 


resonance effects at shorter frequencies. Such a layer is 
not expected to exist at either Bhatwari or Uttarkashi, 
both of which are located adjacent to the High Himalaya 
having a very high rate of erosion. But such a layer is 
expected to be present at Tehri as indeed brought out 
from the analysis of the strong motion data for the 
Uttarkashi earthquake^. Furthermore, peak ground ac¬ 
celerations of about 1 g near the faults have been 
recorded in several earthquakes®’ Therefore, the 
maximum peak acceleration of 0.82 g obtained for the T 
component is a realistic estimate. 

The observed data as well as the foregoing analysis 
indicate that the synthetic accelerograms and the corre¬ 
sponding response spectra for the Tehri site represent a 
realistic seismic hazard scenario for the type of earth¬ 
quake and the site under consideration. 

Estimatioa of tlse most damagmg future 
earthquake in the Tehri area within the next 
about 100 years 

Estimation of seismic hazard in a region depends on the 
most damaging earthquake that can occur in the region 

CURRENT SCIENCE, VOL. 69, NO. 2, 25 JULY 1995 


in the time window under consideration. This is illus¬ 
trated by considering the accelerations expected for 
large earthquakes. For example, the Idriss^° formula 
provides the following estimates for acceleration values 
for the cases of M = 8 and M = 8.5 earthquakes at dis¬ 
tances of 15 and 25 km (see Table 3). 

Table 3 shows two things. First, there is a drastic in¬ 
crease in the expected acceleration amplitudes as we go 
from M=8 to M=8.5. Secondly, the high values of the 
spectral accelerations imply a long duration of shaking 
with high acceleration values. 

An estimate of the peak acceleration acquires signifi¬ 
cance when, as is often the case, the seismic response 
spectrum based on site-specific observational data is not 
available. In such situations, the amplitudes of the re¬ 
sponse spectrum are scaled by anchoring the spectral 
acceleration at zero period of a standard mean level 
spectra, at the level of the peak acceleration expected 
for the site, or a parameter based on the same. However, 
alternative new techniques based on sound theoretical 
models, such as the one presented here, have now be¬ 
come available to provide estimates of the expected 
strong ground motion time histories and the correspond¬ 
ing response, spectra. 
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L comp. T comp. 




Figure 8. Response spectra at Uttarkashi for 5% damping, for the accelerograms in Figure 5. 


The Himalayan belt is one of the most actively de¬ 
formed zones on earth^^’ formed as it is by a succes¬ 
sion of processes of strain accumulation and its 
catastrophic release in the form of earthquakes. The re¬ 
gion has experienced four great earthquakes in the past 
about 100 years, namely, the 1897 Assam earthquake 
(M=8.7+), the 1905 Kangra earthquake (M= 8.6), the 
1934 Bihar-Nepal earthquake (M= 8,4), and the 1950 
Assam earthquake (M=8.7). The occurrence of peak 
accelerations in excess of \ g in the great 1897 Assam 
earthquake has been well documented^"^. Since the geo¬ 
logical process of the collision of the Indian plate with 
the Eurasian plate continues, causing persistent accumu¬ 
lation of strain, it makes certain that such great earth¬ 
quakes in the Himalaya will continue to occur in the 
future. 

An appraisal of the average return period of the 
M= 8+ earthquake in the region is, therefore, pertinent 
to the problem of seismic hazard estimation. This can be 
based on the strain budget of the region. The frequency 
of great earthquakes is constrained by the rate of strain 
accumulation in the region. The rate of strain accumula¬ 


tion has been estimated using a variety of techniques. 
The average rate of plate convergence obtained from 
marine magnetic anomalies is 5 cm/annum^^. However, a 
fraction of this is transferred to the region north of the 
Himalaya. Thus, it sets an upper limit on the rate of 
strain accumulation in the region. Using the deformation 
of the upper Tertiary sediments in the Ganga foredeep, 
the average rate of strain is estimated to be 1.0- 
3 cm/annum in the western parts of the Himalaya^^’ In 
the U.P. part of the Ganga foredeep, the average rate of 
convergence estimated from the velocity of the south¬ 
ward onlapping of the Indian shield is 1.8 ± 
0.4 cm/annum^^. The elastically stored component of the 
average rate of convergence estimated by using the rate 
of seismic moment released by great earthquakes in the 
Himalaya is 1.7 ±0.3 cm/annum^^. This strain becomes 
available for causing future earthquakes in the region. 
Using the fractal description of earthquake occurrences 
together with the complete catalogue of earthquakes, the 
average rate of slip over the basement thrust in the Hi¬ 
malaya has been estimated to be 3.5 cm/annum^^. This 
rate will be approximately equal to the average rate of 
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Table 2. The values of peak accelerations and Ya fe) 

Site 

Uttarkashi 

Bhatwari 

Tehri 

Epicentral Distance 

(observed) 

(observed) 

(synthetic) 

(km) 

36 

25 

14 


Component 

T 

V 

L 

T 

V 

L 

T 

V 

L 

•flp (g) 

Factor 

0.30 

0.19 

0.24 

0.24 
~ 1.5 

0.29 
~ 1 

0.25 
~ 1 

0.82 

-4 

0.53 

-2 

0.57 

~2 

(g) at T= 0.98 s 
Factor 

0.11 

0.16 

0.08 

0.30 

-3 

0.47 

~3 

0.12 
~ 1.5 

0.70 

--2.5 

0.96 

-2 

0.33 

~3 

5'a(g) atr= 1.04 s 
Factor 

0.10 

0.18 

0.10 

0.22 

~2 

0.43 

~2 

0.11 
- 1 

0.69 

~3 

0.98 

~2 

0.29 

~2.5 

g, (g) at T= 1.23 s 
Factor 

0.12 

0.14 

0.12 

0.16 
~ 1 

0.36 

~2.5 

0.13 
- 1 

0.61 

-4 

0.85 

~2 

0.50 

~4 

(g) at T= 1.50 s 
Factor 

0.05 

0.06 

0.05 

0.09 

-2 

0.26 

-4 

0.09 

~2 

0.48 

~5 

• 0.60 
~2 

0.41 
~ 5 

Ya (g) at r= 1.70 s 
Factor 

0.03 

0.04 

0.04 

0.09 

~3 

0.21 

~5 

0.08 

-2 

0.49 

~5 

0.65 

-3 

0.21 

~3 

5'a(g) at r= 2.00 s 
Factor 

0.03 

0.04 

0.04 

0.08 

~3 

0.11 

~2.5 

0.06 
- 1 

0.54 

~7 

0.76 
~ 7 

0.18 

-- 3 


'Factor’ represents the amplification factor with respect to Uttarkashi in the case of Bhatwari and with respect to Bhatwari in the case of 
Tehri. 



PERIOD 


0.98s 

1.23s 

1.50s 

2.00s 



Figure 9. The variation of spectral accelerations as a function of distance and period. The data used are summarized in Table 2. 


convergence in the Himalaya. Geodetic measurements 
using levelling in Dehradun and Kathmandu areas have 
been analysed to provide an estimate of the average rate 
of elastic strain accumulation to be 0.7 cm/annum in the 
outer Himalayan region^^ The GPS measurements in 


Nepal have led to an estimate of the convergence rate of 
1 ± 1 cm/annum^^. 

From the foregoing discussion it is clear that the aver¬ 
age rate of convergence in the Himalaya lies in the range 
of 1-3 cm/annum. The rate may vary along different 
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Table 3. Acceleration values using Idriss formula"*, quoted from 
Liam-Finn*‘ 



M = 

= 8 

M=:8.5 

R= 15 km 

/? = 25 km 

/? = 15 km R = 25 km 


0.66 g 

0.485 g 

0,75 g- 0.575 g 

£Zsp at r = 0.3 s 

2.1g 

L6g 

2.5 g 2.0g 

flsp at r= 1.0 s 



1..14g 

(3sp at r = 1.2 s 



0.96 g 

flsp at 7’= 1.5 s 



0.75 g 

flsp at T = 2.0 s 

0.44 g 

0.31 g 

0.57 g 0.41 g 


sections of the Himalaya. This can be revealed by de¬ 
tailed investigations using modern techniques like the 
GPS, 

If one considers the average rate of elastically stored 
convergence to be 2 cm/annum then sufficient strain will 
become available in any sector of the Himalaya to gen¬ 
erate a great earthquake in a period of about 500 years. 
In the sector in front of the Salt range, where the rate 
has been estimated to be 1 cm/annum, the average return 
period will be correspondingly longer. In the sector 
containing the Pir Panjal Range, where the rate of con¬ 
vergence is estimated to be 3 cm/annum, the average 
return period is anticipated to be shorter. In the central 
gap region the estimated rate of convergence is close to 
the average value. Therefore, the 500-year return period 
is quite representative. 

The four great earthquakes in the Himalaya over the 
past 100 years have between them relieved the accumu¬ 
lated strain in about 35% of the Himalayan plate bound¬ 
ary. The remaining sections of the Himalayan plate 
boundary have not experienced a great earthquake for 
the past at least 300 years, possibly 500 years or more. 
Thus, these sections, constitute veritable seismic gaps, 
with a large amount of accumulated strain, and are, 
therefore, places of high seismic potential for a future 
great earthquake in the next 100-300 years or so. The 
Tehri dam site lies in one such gap (Central gap)"^’^"^, 
for which the shorter time interval applies. 

It is also relevant to consider peak accelerations in the 
Himalaya, estimated using the standard probabilistic 
seismic hazard analysis^^. The peak accelerations ex¬ 
pected in the Lesser Himalaya (where the dam is sited) 
are 0.7‘^g for a one in ten chance of exceedance in any 
time window of 50 years. When this is translated to a 
100-year exposure period, the value scales to about 
0.9 g (ref. 26). 

The analysis of both the seismological and the strong- 
motion data are consistent in estimating that for the case 
of a great earthquake both the peak and the spectral ac¬ 
celerations (T— 1 s) in the fault zone in the Tehri region 
are expected to be around 0.9g. 


Conclusions 

Recapitulating, the following conclusions emerge from 
the present investigation. 

1. The observational strong-motion data for the 1991 
Uttarkashi earthquake = 7) show that spectral accel¬ 
erations of 0.43 g (r = 1.04 s), 0.36g (7= 1.23 s) and 
0.26 g (7= 1.5 s) have been recorded at an epicentral 
distance of 25 km. 

2. The corresponding synthetic strong motions for a 
hypothetical M^-1 earthquake at an epicentral distance 
of 14 km and located within the surface projection of the 
fault zone are 0.98 g (7= 1.04 s), 0.85 g (7= 1.23 s) and 
0.60g(7= 1.5 s). 

3. The spectral accelerations in the 1-2 s period 
range, estimated from model simulation at Tehri for the 
case of an = 8.5 earthquake situated under Tehri at a 
depth of 12 km, are ~ 1 g (refs. 7, 8). 

4. The Idrissas well as the Campbell^*^ empirical 
formulae also give spectral accelerations (7= 2 s) at 
15 km distance to be at least ~0.57g for an M=8.5 
earthquake. The acceleration will be higher at a closer 
distance of 12 km. 

5. The rate of strain accumulation in the Central Gap 
(where Garhwal is situated) is around 2 cm/annum, 
which provides enough strain accumulation to generate a 
great earthquake in about 500 years. Since there has 
been no great earthquake in this gap for at least about 
300 years and perhaps 500 years, the region (Central 
Gap) must be ripe for a great earthquake in the next 100 
years or so. Of course, it is possible that the accumu¬ 
lated strain is initially released partially in a number of 
A/= 7 or so earthquakes, instead of a single great earth¬ 
quake {M > 8). In this case the occurrence of the great, 
gap-filling earthquake will at best be somewhat delayed, 
but not forestalled. However, the scenario historically 
repeated by all great earthquakes in the Himalaya is the 
most appropriate basis for estimating seismic hazard. 

6. The probabilistic seismic hazard analysis of the 
Himalaya shows that in any 100-year time window the 
probability of exceeding a peak acceleration of - 0.9 g 
in the Garhwal Himalaya is 0.1. 

7. The above estimates of the seismic hazard charac¬ 
terization are consistent with the currently available 
corpus of geological, geophysical, seismological and 
earthquake strong-motion data. Therefore, it would be 
prudent to heed these estimates while scientifically 
evaluating the soundness of the aseismic design of large 
critical structures in the region. 

8. There is a very high level of seismic hazard in the 
seismic gaps and in adjacent areas to their south with 
their densely populated centres. A systematic implemen¬ 
tation of a well laid-out hazard mitigation plan is ur¬ 
gently called for. 
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Sr isotopes in rivers of India and 
Pakistan: A reconnaissance study 

J. R. Trivedi, Kanchan Pande, S. Krishnaswami 
and M. M. Sarin 

Physical Research Laboratory, Ahmedabad 380 009, India 

It is well established^ that the isotopic composition of 
Sr in sea water has oscillated on different time scales 
during the past -600 Ma. These oscillations result 
from changes in the relative; contributions of dis¬ 
solved Sr to sea water from its two major sources, 
continental weathering and hydrothermal interac¬ 
tions, with their characteristic ^^Sr/*^Sr. The conti¬ 
nental input via fluvial weathering is generally more 
radiogenic (average *^Sr/*^Sr 0.7119 ref. 2) com¬ 
pared to the hydrothermal *^Sr/*^Sr of 0.7035 (ref. 
2). The Sr flux and *^Sr/*^Sr of different river sys¬ 
tems vary widely^"^ and in some way are related to 
the lithology of the drainage basin, the intensity of 
weathering and the efficiency with which they trans¬ 
port their dissolved load. We have measured the dis¬ 
solved Sr concentrations and *^Sr/*Sr of the major 
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rivers draining India and Pakistan. These measure¬ 
ments provide data on the flux of Sr isotopes trans¬ 
ported by these rivers to the ocean and their impact 
on the Sr isotope evolution of the oceans. Further, as 
the river basins sampled comprise a diverse set of 
lithologic, tectonic and climatic regimes, they provide 
an opportunity to study the controls of these factors 
place in determining the Sr isotopic systematics of 
rivers. 

This work forms a part of our geochemical reconnais¬ 
sance study of the Indian rivers. Major ions, Sr and U 
isotopes were the principal constituents measured in the 
samples, the results of some of our earlier work are 
published elsewhere^“^. Figure 1 shows the sampling > 
sites. 

The rivers sampled can be conveniently classified into 
two groups^^’^^ in terms of their basin geology, tectonics 
and climate-the peninsular and the extrapeninsular 
(Himalayan). The peninsular region is a tectonically 
quiescent shield area that has several mountain systems 
such as the Aravallis, the western and eastern Ghats and 
the NilgiriSi most of which are geologically mature. This 
shield is made of Pre-Cambrian rocks of diverse origin, 
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Figure 1. Sampling locations of rivers from India. The sampling location of Indus and 
samples from the Kali—Sarju system (RW 1—9) are marked by rectangle. 


its tributaries are given in ref. 9. The locations of 


most of which have been greatly modified and metamor¬ 
phosed. These ancient rocks (gneisses, granite, char- 
nokites, greenstones, granulites, etc.) are overlain in 
many areas by Pre-Cambrian and later sedimentaries 
(Cuddapah, Vindhyan, Delhis and Gondwanas) and by 
extensive sheets of lavas of the Cretaceous/Tertiary 
Deccan traps. Some Mesozoic and Tertiary sediments 
are also found along the coastal regions 
There are a number of rivers traversing the peninsular 
India, the larger ones being Mahanadi, Godavari, 
Krishna, Pennar and Cauvery, which flow eastward into 
the Bay of Bengal, and Narmada, Tapi, Sabarmati and 
Periyar, flowing westward into the Arabian sea. Banas, 
Luni, Chambal, Sindh, Betwa and Son are the peninsular 
rivers (lowland rivers^) belonging to the Ganga system. 


Similar to the peninsular region, the extrapeninsiilar 
(Himalayan) region also contains some Pre-Cambrian 
rocks. These old rocks in the Lesser and Greater Hima¬ 
layas are comprised predominantly of granitic gneisses 
and crystallinesIn the Lesser Himalaya there are 
also extensive exposures of sedimentary sequences 
(carbonates, sandstones, shales). The peninsular and 
extrapeninsular regions are separated by the Indo- 
Gangetic alluvial plain consisting of massive beds of 
clay, sand and gravel. The clay zones of alluvial plains 
contain impure calcareous material in the form of irregu¬ 
lar concretions called ‘Kankar’. The calcareous material 
at places can be as abundant as 30%. A large part of the 
soils is impregnated by alkaline and saline salts^. In 
contrast to the peninsular shield area, the Himalayas are 
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Table L K, Ca, Rb and Sr isotopes in rivers from India-Pakistan 


K Ca Rb Sr 

^ River Location (pmol/I) (nmol/i) ^^Sr/*®^Sr 


Himalayan rivers 


Ganga-Brahmaputra system 


1. 

Ganga 

Rishikesh 

38 

353 

29 

580 

0.7365 

2. 

Ganga 

Patna 

63 

547 

11 

1017 

0.7249 

3. 

Bhagirathi 

Devprayag 

51 

385 

54 

529 

0.7589 

4. 

Alaknanda 

Bagwan 

51 

429 

40 

644 

0.7385 

5. 

Ghaghara 

Ayodhya 

59 

528 

23 

756 

0.7349 

6. 

Gandak 

Hajipur 

84 

649 

58 

847 

0.7400 

7. 

Yamuna 

Allahabad 

57 

547 

7 

1509 

0.7149 

8 . 

Son 

Ara 

40 

434 

6 

644 

0.7200 

9. 

Chambal 

Dholpur 

53 

829 

5 

2290 

0.7127 

10. 

Brahmaputra 

Goalpara 

46 

318 

32 

670 

0.7197 

11. 

Kali 

Jauljibi 

39 

551 

70 

1320 

0.7276 


Indus system 







13. 

Indua 

Lorn a 

34 

522 

41 

1394 

0.7104 

14. 

Indus 

Thatta 

109 

957 

10 

3689 

0.7111 

15. 

Sutlej 

Salapar 

82 

622 

79 

1962 

0.7166 

16. 

Ravi 

Lahore 

71 

1070 

30 

1858 

0.7295 

17. 

Beas 

Hanogi Mata 

25 

148 

31 

169 

0.7448 

18. 

Chenab 

Gujrawala 

63 

1050 

32 

2155 

0.7218 

19. 

Jhelum 

Lala Musa 

40 

950 

13 

2839 

0.7125 

Peninsular rivers 







20. 

Mahanadi 

Cuttak 

40 

303 

11 

704 

0.7193 

21. 

Godavari 

Dhavleswaram 

59 

350 

24 

1179 

0.7163 

22. 

Godavari 

Ravulapalam 

63 

400 

26 

1375 

0.7152 

23. 

Krishna 

Vijaywada 

77 

600 

20 

3742 

0.7142 

24. 

Narmada 

Amarkuntak 

18 

190 

13 

316 

0.7144 

25. 

Narmada 

Upstream Bharuch 

46 

742 

6 

2156 

0.7114 

26. 

Tapi 

Near Bhusaval 

- 

585 

14 

2083 

0.7097 

27. 

Sabarmati 

Kheroj 

120 

908 

15 

3358 

0.7177 

28. 

Sabarmati 

Sijaria 

77 

1388 

10 

5199 

0.7159 

29. 

Periyar 

Alwaye 

(920) 

90 

36 

365 

0.7194 

30. 

Pambayar 

Tallawadi 

28 

43 

35 

180 

0.7230 

31., 

Achankovil 

Pathanamthitta 

26 

63 

26 

290 

0.7149 

32. 

Mandovi , 

Near Valpoi 

26 

242 

24 

352 

0.7196 

33. 

Zuari 

Quepem 

36 

148 

32 

431 

0.7235 

8. 

Son 

Ara 

40 

434 

6 

644 

0.7200 

9. 

Chambal 

Dholpur 

53 

829 

5 

2290 

0.7127 


Data for Ganga-Brahmaputra from ref. 7 and for the Indus system from ref 9 and for the peninsular 
rivers this study. 

#Denotes sample location in Figure 1. 


Table 2. K, Ca, Rb and Sr isotopes in the Kali-Sarju system (headwaters of Ghaghra) 


K Ca Rb Sr 


# Code/river 


Location 

(pmoI/1) 

(nmol/1) 

'^Sr/'^Sr 

RW-1 

Sarju 

Sheraghat 

33 

577 

37 

263 

0.7585 

RW-2 

Ramganga 

Thai 

30 

379 

41 

296 

0.7757 

RW-3 

Ghat Gad 

Near Patet 

34 

609 

35 

316 

0.7508 

RW-4 

Kali 

Jauljibi , N 

39 

551 

70 

1320 

0.7276 

RW-4 (R*) 
RW-5 

Gori 

Baram 

41 

456 

63 

768 

0.7277 

0.7490 

RW-6 

Sarju 

Rameshwar 

c 34 

551 

44 

311 

0.7514 

RW-7 

Sarju 

Near Rameshwar 

33 

551 

36 

286 

0.7553 

RW-8 

Panar 

Near Rameshwar 

52 

r545 

22, 

1245 

0.7408 

RW-9 

Suyal 

Lohali 

39 

211 

17 

413 

0.7351 


♦Repeat analysis of RW-4. 
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tectonically active, still rising and being extensively 
eroded by the fast-flowing rivers. Glaciers abound the 
higher reaches and also contribute to the accelerated 
weathering. The lithology of the suture zone in the 
Trans-Himalaya is dominated by granites and sedi- 

Q 11 o 

ments^=^\ 

Ganga, Brahmaputra and Indus are the major river 
systems of the extrapeninsular region, the first two 
flowing eastward into the Bay of Bengal and the last 
into the Arabian sea. Ganga and its tributaries from the 
Himalaya, Yamuna, Kali, Gandak, Kosi and Ghaghara, 
drain the Pre-Cambrian crystallines and sedimentary 
sequences in the southern slopes of the Himalaya, 
whereas Brahmaputra flows along the Indus Tsangpo 
suture zone in Tibet before taking a turn at the syntaxial 
bend and entering the crystalline terrains of the Hima¬ 
laya^. The main tributaries of the Indus system - Sutlej, 
Beas, Ravi, Chenab (Chandra and Bhaga) and Jhelum - 
drain the crystalline terrains of the Himalaya in their 
upper reaches (similar to Ganga and its tributaries). 


4000 



1200 


0 400 800 1200 

Calcium (/zmol/1) 


Figure 2. Variation of Sr concentration with calcium in the peninsu¬ 
lar and Himalayan rivers. The Sr concentrations generally increase 
with Ca. 


whereas Indus and its northern tributaries, Nubra and 
Shyok, drain a suture zone •'lithology in a monsoon 
shadow region^. 

The peninsular rivers are seasonal (monsoonal) in 
contrast to the Himalayan ones, which are fed by gla¬ 
ciers and are perennial, though their water flux increases 
considerably during monsoon. 

Most of the rivers were sampled during the past sev¬ 
eral years. The sampling of the Kali-Sarju system 
(headwaters of the Ghaghra) was carried out recently. 
The sampling procedures are discussed in detail else¬ 
where^. Briefly, the river waters were filtered through 
0.4 pm Nuclepore filters within 5-6 h of collection, 
acidified to pPI~2 with HNO3 and stored in polyethylene 
bottles till the time of measurement. Rb and Sr isotope 
measurements were made in about 50 g of water follow¬ 
ing isotope dilution mass spectrometric procedures’'^. 
The weighed water samples were dried with HF/HNO3, 
put in HCl and spiked with ^^Rb and ^"^Sr tracers, and 
dried. The dried residue was taken in 2.5 N HCl and the 
Rb and Sr fractions were separated on a cation exchange 
resin (Dowex 50x8, 200-400 mesh). The Rb and Sr 
fractions were separately dried, taken in a drop of or- 
thophosphoric acid and evaporated directly onto an out- 
gassed tantalum filament of the ion source. The samples 
were run on a 9" radius single-focusing mass spectrome¬ 
ter fitted with a Faraday cup collector and the ion cur¬ 
rent was recorded digitally. 

The Sr isotopic ratios were normalized to 
^^Sr/^^Sr = 0.1194. The long-term stability of the mass 
spectrometer was cheeked by measuring the ratio 
^^Sr/^^Sr of the NBS-987 standard periodically. The 
mean Sr/ Sr of the standard based on nine runs during 
1991-93 is 0.71025 ± 0.00005. In addition, to check on 
the accuracy of ^^Sr/^^Sr measurements we analysed a 
sea water sample from the Arabian sea and CaCOs from 
a living coral from the Lakshadweep. For these two 
samples ^’Sr/^^Sr are 0.7097 ± 0.0006 and 0.7092 ± 
0.0002, respectively, in good agreement with contempo¬ 
rary sea water values. The total Rb and Sr blanks from 
reagents and chemical procedures are -^5 and -^50 pmol, 
respectively, much lower than the typical values of 
about 1 and 25 nmol for Rb and Sr in 50 g water sam¬ 
ples. The overall precision on ^^Sr/^^Sr (two standard 
errors of the mean of about 50 ratio measurements) is 
about ± 0.0005. These errors are considerably smaller 
than the scale of Sr isotope variations observed in the 
river waters analysed. Ca and K measurements were 
made by atomic absorption spectrophotometry^. 

The dissolved Rb and Sr concentrations and ^^Sr/^^Sr 
of the water samples analysed are given in Table 1 along 
with their K and Ca abundances. Table 2 lists the same 
for the Kali-Sarju system (also known as Mahakali- 
Sarju) headwaters of Ghaghara, a major tributary to the 
Ganga. More detailed data on Sr isotopes, Rb and major 
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ions for the rivers belonging to the Ganga-Brahmaputra 
and Indus systems are published elsewhere^’^. 

The Kali-Sarju waters were sampled to test if 
^^Sr/^^Sr for the headwaters of major tributaries of 
Ganga, are as radiogenic as of Bhagirathi and the 
Alaknanda, sampled by us earlier^. The results show that 
the Sr isotope ratios in all these waters are highly radio¬ 
genic, and as will be discussed later, such high values 
probably result from weathering of rich in radiogenic Sr 
silicates in the drainage basin. 

A cursory look at the data in Table 1 reveals that the 
Sr concentration in the samples ranges between 169 and 
5199 nmoI/1, similar to that observed for rivers in other 
parts of the world^'"^. 

The Sr concentration shows a general increase with 
Ca (Figure 2), the correlation being relatively tight for 
rivers from the peninsular region. The Sr/Ca molar ra¬ 
tios (nmol Sr/pmol Ca) of the peninsular and the Hima¬ 
layan rivers overlap within the scatter of the data. The 
mean molar Sr/Ca ratio corresponds to a Sr/Ca weight 
ratio (g/g) of 7 X 10"^ and ~ 5 x 10“^ for the peninsular 
and the Himalayan rivers, respectively. The Sr/Ca ratio 
in rivers is determined by the supply of Sr and Ca to the 
waters by various rocks and minerals, and their mixing 
proportions. An important source of Ca to these waters 
(Table 1) is the weathering of carbonates^"^. The Sr/Ca 
weight ratio in typical carbonates is 1 - 2 x 10'^ (ref. 
15). Congruent weathering of carbonates (for Ca and Sr) 
would yield Sr/Ca ratio in river waters significantly 
lower than that we have measured. Such an observation 
(Figure 2) would require that either Sr is mobilized 
preferentially over Ca from carbonates such that the 
Sr/Ca ratio in rivers is higher than that in carbonates or 
that these rivers receive Sr from other sources such as 
evaporites and silicates from the upper crust, which have 
Sr/Ca higher than that in typical carbonates. Basalts, 
granites and shales have Sr/Ca about 3 to 10 times 
higher than that in carbonates. As discussed below, 
^^Sr/^^Sr for these river waters also requires that they 
derive some of the Sr from a more radiogenic source 
than typical carbonates, such as silicates of the upper 
crust. 

^^Sr/^^Sr for the rivers sampled (Table 1, Figure 3) 
lies in the range 0.7097-0.7589; almost all samples have 
^^Sr/^^Sr exceeding the global average estimate of 
0.7119 (ref. 2). The data also show that ^^Sr/^^Sr for the 
peninsular rivers falls within a narrow range of 0.71- 
0.72 and is generally lower than that for the Himalayan 
rivers draining the granite/gneiss crystallines. The con¬ 
trast is more pronounced when the comparison is made 
with that for the headwaters of Ganga^ and Ghaghara 
(Table 2, Figure 3). All the headwater samples analysed, 
except Kali, have ^^Sr/^Sr exceeding 0.73, with Sr concen¬ 
tration in the range of 140-1390 nmol/1 (Table 2, ref 7). 

^^Sr/^^Sr of dissolved Sr in rivers is governed by the 
magnitude of Sr contribution from various source rocks 



Figure 3. Frequency distribution of dissolved ^^Sr/^^’Sr in the rivers 
sampled. Data for Ganga headwaters from ref. 7 and Kali River (this 
study). For comparison the data for Himalayan and peninsular rivers 
from Table 1 are also shown. The distinctly higher radiogenic 
^^Sr/^^’Sr of the headwaters is evident. 


(e.g. carbonates, silicates, evaporites) to the effluent 
waters and their respective ^^Sr/^^Sr. For typical car¬ 
bonates and evaporites this ratio is constrained within a 
narrow range of 0.706 - 0.709, whereas that for silicates 
it can vary widely both within and among various drain¬ 
age basins. Basaltic terrains set a lower limit on 
^^Sr/^^Sr for crustal silicates with values of0.705. The 
upper limit on ^^Sr/^^Sr in silicates is less constrained, 
though values exceeding 1.0 are encountered in individ¬ 
ual rock suites, such high values are unlikely to be rep¬ 
resentative of river basins as a whole. 

For all the river waters sampled in this study (Tables 
1 and 2) ^^Sr/^^Sr is higher than that for typical marine 
carbonates, suggesting that at least a part of the Sr in 
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Figure 4. Sr isotope systematics in the rivers sampled. The ^^Sr/'‘‘’Sr 
increases sharply with decreasing Sr concentration in the Himalayan 
rivers. The peninsular rivers also show a similar trend, but with a 
gentler slope. 
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these rivers is derived from a source having more radio¬ 
genic ®^Sr/*®Sr. The plot of ®^Sr/*‘^Sr versus 1/Sr 
(Figure 4) reveals that for the Himalayan rivers there is 
a steep increase in Sr/ Sr as the Sr concentration de¬ 
creases. The peninsular rivers also seem to show an in- 
crease in Sr/ Sr as Sr decreases, but with a much 
gentler slope. The broad trend in Figure 4 can be inter¬ 
preted in terms of mixing of Sr between a high ®’Sr/®®Sr 
end member with a tow ®’Sr/®^Sr component (e.g. typical 
carbonates/evaporites). The relation between ®’Sr/®^Sr 
and Sr concentration for the Himalayan rivers, particu¬ 
larly those belonging to the Ganga system, are distinctly 
different from other global rivers, in accordance with 
our earlier observations and other studies^’’-^-'^’”. Many 
of these rivers are characterized by high ®’Sr/®^Sr and 
high Sr concentrations (Figure 4). The source of such 
high *^Sr/®^Sr in these rivers is not clear. Weathering of 
Pre-Cambrian granites and gneisses’’® and rocks and 
minerals enriched in radiogenic Sr due to regional 
metamorphism, such as the leucogranites and gneisses'^ 
and carbonates'’, have been suggested as possible 
sources of high ®’Sr/*^Sr in these rivers. Studies'® of 
Sr/ Sr in sediments from the Bay of Bengal indicate 
that the dominant source of these sediments for the past 
~17 Ma is the higher Himalayan crystallines. Available 
data from the drainage basin of the Ganga headwaters 
and its tributaries show that whole-rock *’Sr/®^Sr are 
quite radiogenic, with the bulk of the samples clustering 
around 0.76 and a significant fraction of the samples 


having values in excess of 0.90 (Figure 5). Such high 

Sr/® Sr in the silicates can account for the high 
“’Sr/®^Sr in the headwaters of the Ganga system. How¬ 
ever, data on Sr isotope composition of carbonates from 
the drainage basin are needed to confirm this. Whatever 
be the source of ®’Sr/®®Sr to Ganga, its high value has 
considerably influenced the Sr isotope evolution of the 
oceans since the Cenozoic’. 

The data in Figure 4 show an overall increasing trend 
in ®’Sr/®^Sr with decreasing Sr, but there is a significant 
scatter. The scatter within each trend.probably reflects 
heterogenity in the Sr isotope composition of the silicate 
end member. Such a heterogenity can arise as the Hima¬ 
layan and the peninsular regions are large geographical 
areas having lithologically distinct sub-basins which the 
different rivers drain. The wide range of ®’Sr/®®Sr for the 
silicates from the drainage basin of the Ganga system 
headwaters (Figure 5) attests to this hypothesis. 

The Sr isotope composition of the peninsular rivers is 
similar to that reported for rivers from other continental 
shield areas. The source of high radiogenic Sr to Zuari 
and Mandovi rivers could be the granites and gneisses in 
their basin, some of which have ®’Sr/®^Sr of 0.713-1.13 
(ref 19). Periyar and Pambayar flow mainly through 
granulites; the Sr isotopic analysis on these rocks are 
meagre, and those which are available are in the range 
0.78-0.89 (refs. 20 and 21). Mahanadi and Godavari 
traverse through Deccan trap basalts, unmetamorphosed 
sedimentary sequences and the high-grade metamorphic 
terrain of the eastern Ghats. The measured ®’Sr/®^Sr for 
these river samples integrates the contributions from all 
these lithologies. Japi, flowing mainly through the Dec- 
can trap basalts, has the lowest ®’Sr/®'^Sr among all the 
samples (Table 1). 

Based on the Sr concentration and ®’Sr/®*Sr in the 
peninsular rivers (Table 1) and those reported earlier by 
us’’® for Ganga, Brahmaputra and Indus, the discharge- 
weighted mean Sr concentration in these rivers is calcu¬ 
lated to be ~ 1.5 pmol/l, with a ®’Sr/®^Sr of 0.716. The 
mean Sr concentration in the rivers of India-Pakistan is 
higher than the global average value of 0.89 pmol/f’; 
our sampling of some of the rivers (e.g. Indus) during 
their lean flow may be a likely cause for the high mean 
concentration. The discharge-weighted Sr/Ca molar ratio 
of these rivers is 2.7 x lO'®, which compares with a 
value of ~2.2 x lo’ for the world rivers (based on Sr and 
Ca concentrations of 0.89 and 398 p.mol/1, respectively). 
The annual flux of Sr transported by the rivers from In¬ 
dia-Pakistan to the ocean is —2200 million moles if our 
measurements can be considered representative of these 
rivers. These calculations show that the rivers from In¬ 
dia-Pakistan account for —6.5% of the global riverine Sr 
flux to the oceans, with a ®’Sr/®^Sr marginally more ra¬ 
diogenic than the global average. 

The influence of anthropogenic effects in modifying 
the natural Sr flux and its isotopic composition is diffi- 
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Table 3. Rb, Sr concentrations and 

*^Sr/*^Sr in fertilizers 



Code 

Type 

Source 

Rb 

(ppm) 

Sr 

(ppm) 

*’Sr/*‘Sr* 

NPK 

Potassium ammonium 
phosphate 

RAMBAN Co. 
(Dehradun) 

24 

15 

0.7087 

MOP 

Muriate of potash 

~ 

122 

6.4 

0.7494 

DAP 

Ammonium phosphate 

SPIC 

(Dehradun) 

2.0 

130 

0.7080 

GUUREA 

Urea 

KRIBHCO 

(Ahmedabad) 

3.1 

0.05 

— 

NBPHOS 

Ammonium phosphate 

NARMADA 

Fertilizers 

(Ahmedabad) 

1.3 

554 

0.7080 

GUJDAP 

Ammonium phosphate 

IFFCO 

3.6 

12 

0.7091 


*Error ( ±2cr) is -0.0005 



87 ,86 

Sr/ Sr 


Figure 5. Frequency distribution of ^’Sr/**^’Sr in whole-rock samples 
from the drainage basins of the headwaters of Ganga and its 
tributaries (Garhwal and Nepal) and Brahmaputra (Bhutan and Arun- 
achal). Data compiled from refs 14, 23-32. The rocks from this re¬ 
gion have highly radiogenic “’Sr/'^Sr. 


cult to assess. Damming and impounding-of rivers may 
reduce their water discharge, whereas the use of fertiliz¬ 
ers may alter the natural Sr concentration of rivers and 
their ^^Sr/^^Sr. We measured the Sr concentration and 
^’^Sr/^^Sr in a fewtertilizer samples used in northern and 
western India. The results (Table 3) show that all the 
samples, except for the muriate of potash (MOP), have 
^^Sr/^^Sr of --0.708, consistent with that expected, as 
bulk of Sr in fertilizers is derived from limestones and 
phosphates of marine origin. The muriate of potash, 
which is abundant in potassium and rubidium, has a 
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highly radiogenic ^^Sr/^^Sr of -0.749 (Table 3). This 
high value raises concern about the impact such fertiliz¬ 
ers can have in enhancing the natural ®^Sr/^^Sr of rivers. 
Our earlier observation^ that ^^Sr/^^Sr for Ganga and 
many of its tributaries varies only marginally during 
different river stages is an indication that contamination, 
if any, of natural Sr by fertilizer may not be significant. 
Moreover, the most radiogenic Sr isotope composition is 
in the headwaters of Ganga and Ghaghara, where agri¬ 
cultural influences are minimal. 

Summing up, our results on the Sr isotope systematics 
of rivers from India and Pakistan show that almost all 
the rivers sampled have ^^Sr/*^Sr in excess of the global 
average, with the headwaters of Ganga and its tributaries 
having the most radiogenic Sr isotope composition. 
Studies on the source of radiogenic Sr to the Ganga 
system (i.e. silicates or metamorphosed carbonates) 
w^ould help in understanding better the coupling between 
Himalayan tectonics, weathering and climate change“^. 
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The non-induction of HSP70 in heat 
shocked Malpighian tubules of 
Drosophila larvae is not due to consti¬ 
tutive presence of HSP70 or HSC70 

Bhupendra N. Singh and S. C. Lakhotia 

Department of Zoology, Banaras Hindu University, Varanasi 
221 005, India 

To understand reasons for the earlier reported non¬ 
induction of any of the common heat shock polypep¬ 
tides in Malpighian tubules of Drosophila larvae, we 
examined the levels of the 70 kDa heat shock 
polypeptide (HSP70) and of its cognates (HSC70) in 
control and heat shocked larval tissues, including the 
Malpighian tubules, by ^^S-methionine labelling in 
conjunction with Western blotting or by immunocy- 
tochemica! localization using appropriate antibodies 
against the heat inducible and constitutively ex¬ 
pressed members of the HSP70 family. The HSP70 
was totally undetectable in western blots of control 
as well as heat shocked Malpighian tubules of Droso¬ 
phila larvae; the levels of different HSC70 in un¬ 
treated Malpighian tubules were comparable to those 
in other larval tissues and also did not increase fol¬ 
lowing heat shock. Immunocytochemical localization 
of HSP70 showed that none of the highly polytenized 
cells of Malpighian tubules showed induction of 
HSP70 after heat shock. The non-induction of the 
common heat shock proteins in Malpighian tubules 
of Drosophila larvae, therefore, is not due to au- 
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toregulation by constitutively high levels of HSP70 
or HSC70. 


Cells of virtually every organism respond to a sudden 
exposure to elevated temperature (heat shock) by tran¬ 
siently increased synthesis of a specific set of polypep¬ 
tides, commonly referred to as heat shock proteins 
(HSPs) or stress proteins, which help cells survive the 
thermal and other damagesThis response, first dis¬ 
covered in Drosophila^' , is a highly conserved biologi¬ 
cal phenomenon. However, contrary to the general 
dogma that all cells of an organism respond more or less 
uniformly to heat shock^"^, Lakhotia and Singh^, using 
^^S-methionine to label the newly synthesized proteins, 
found that none of the well-characterized HSPs, includ¬ 
ing the most abundant 70 kDa heat shock protein 
(HSP70), was induced in heat shocked Malpighian tu¬ 
bules of Drosophila larvae. However, the basal levels of 
HSPs in the Malpighian tubules were not examined in 
that study^. Since synthesis of HSPs is autoregulated, 
particularly by HSP70 levels^’the lack of induction 
of HSPs in heat-shocked Malpighian tubules*^ could be 
due to a constitutive presence of these proteins in 
threshold quantities so that further synthesis was inhib¬ 
ited. We have examined this possibility in the present 
study. Using '’^S-methionine labelling in conjuction with 
HSP70-specific antibodies, we reconfirm the earlier ob¬ 
servation^ on non-inducibility of the common HSPs in 
this tissue of Drosophila larvae and further show that the 
HSP70 is totally absent, before as well as after heat shock 
in this tissue; the levels of the various forms of 70 kDa 
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Figure 1. Showing absence of HSP70 in Malpighian tubules of Drosophila larvae, a. Western blot of control (lanes 1 and 3) and heat-shocked 
(lanes 2, 4 and 5) samples of salivary glands (lanes 1 and 2) and Malpighian tubules (lanes 3-5) challenged with the HSP60 and HSP70 (7Fb) 
antibodies: lane 5 has 1.5 times more protein than lanes 3 and 4. b, Fluorogram of the Western blot in (a), c. Western blot of a sample of heat- 
shocked salivary glands alone (lane 1) or of a mixed sample of heat shocked salivary glands and Malpighian tubules challenged with HSP60 
and HSP70 antibodies. For details, see text. The molecular sizes (in kDa) of polypeptides are indicated on sides. 


heat shock cognate proteins (HSC70)*’® in the larval 
Malpighian tubules are not higher than in other tissues. 
Therefore, the non-induction of HSP70 and other com¬ 
mon HSPs in Malpighian tubules following heat shock is 
not due to inhibition by the constitutively present mem¬ 
bers of the HSP70 family. 

A wild-type strain (Oregon of Drosophila melan- 
ogaster was used for these studies. The flies and larvae 
were reared on standard cornmeal—agar-yeast food at 
22±1°C. 

Different organs (salivary glands, Malpighian tubules, 
brain ganglia) from late third-instar larvae were dis¬ 
sected in Poels’ salt solution (PSS)’°, transferred to 
fresh PSS in microfiige tubes and were immediately ei¬ 
ther heat shocked at 37°C for 30 min or were kept at 
22°C for 30 min as control. The heat shocked and con¬ 
trol tissues were labelled with ^^S-methionine (BRIT, 
Bombay, 200 pCi/ml; sp.act. 1000 Ci/mM) for 30 min at 
37°C and 22°C, respectively. Protein samples were pre¬ 
pared in the Laemmli sample buffer" and electrophore- 
sed by SDS-PAGE as described^. Equal numbers of 
organs of a given type were taken for control and heat 
shock samples. 

The electrophoresed polypeptides were transferred to 
nitrocellulose membrane (Schleicher & Schuell, Ger¬ 
many) by semi-dry blotting following the method of 
Lakhotia and Singh'^. Two rat monoclonal antibodies, 
viz. 7Fb (HSP70-specific) and 7.10 (recognizing the 
cognates (HSC70) as well as the heat inducible form of 
HSP70 of Drosophildf^, obtained from S. Lindquist 
(USA), were used to detect the HSP70 and HSC70, re¬ 
spectively, in western blots at 1 : 1000 dilution. In some 
cases (Figure 1), the blots were first challenged with an 
anti-HSP60 antibody (SPA-805, Stressgen, Canada) and 
then with the HSP70-specific 7Fb antibody. The primary 
antibodies were detected by using the corresponding 
HRP-conjugated secondary antibodies (Sigma, USA, or 
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Bangalore Genei, Bangalore) at recommended dilutions. 
Following the immunodetection, the blots with ^^S- 
methionine labelled samples were fluorographed by 
dipping in toluene with 22% PPO for 3 min and drying for 
1 h at room temperature before exposing to X-ray film to 
detect radiolabelled newly synthesized polypeptides. The 
Western blots and the fluorograms were then compared. 

For immunocytochemical localization of HSP70, the 
salivary glands and Malpighian tubules with associated 
parts of the gut were dissected out from late third instar 
larvae and incubated in PSS at 22°C (control) or at 37°C 
(heat shock) for 30 min. Tissues were fixed in 4% 
paraformaldehyde in PBT (130 mM NaCl, 7 mM 
Na 2 P 04 • 2 H 2 O, 3 mM NaH 2 P 04 • 2 H 2 O, 0.2% Triton- 
X-100, pH 7.0) and processed for immunocytochemical 
localization of HSP70 using the 7Fb antibody (1 : 200 
dilution) and goat anti-rat secondary antibody (HRP 
conjugate. Sigma) at recommended dilution following 
the standard procedure^'*. 

Figure 1 a shows a Western blot of control and heat 
shocked salivary glands and Malpighian tubules from 
late third-instar larvae challenged sequentially with 
HSP60-specific (SPA-805) and HSP70-specific (7Fb) 
antibodies; fluorogram of the same blot is shown in Fig¬ 
ure 1 b. Synthesis of all the HSPs was typically induced 
in salivary glands by heat shock (only HSP83, HSP70 
and HSP68 are seen since only the upper half of the gels 
was always blotted). However, in agreement with the 
earlier finding of Lakhotia and Singh®, heat shock to 
Malpighian tubules resulted in enhanced synthesis of 
some other polypeptides with a major band at 64 kDa 
(lanes 3-5 in Figure 1 b), but not of any of the usual HSPs 
(it may be mentioned here that this 64 kDa polypeptide was 
erroneously estimated as 58 kDa band by Lakhotia and 
Singh®). The 7Fb antibody, which exclusively recognizes 
the heat shock inducible form of HSP70 of Drosophila'^, 
revealed the presence of HSP70 only in heat 
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shocked and not in control salivary glands. Neither the 
control nor the heat shocked Malpighian tubules showed 
any trace of HSP70 (lanes 3-5 in Figure 1). That the 
failure to get a signal with HSP70 antibody in Mal¬ 
pighian tubules was not due to the generally lower 
amount of proteins in Malpighian tubule samples was 
evident from the similar extent of labelling seen in the 
lanes for salivary glands and Malpighian tubules in the 
fluorogram in Figure 1 b. This was further confirmed by 
deliberately loading a greater amount of labelled sample 
from heat shocked Malpighian tubules in lane 5 
(Figure 1 a, b); this also failed to reveal any trace of 
HSP70 in the Malpighian tubules. In addition, the same 
blot when challenged with an antibody for HSP60, 
'which is constitutively present in all tissues of Droso¬ 
phila'-’ showed more or less equal signal in all lanes, 
except in lane 5, which showed a more intense signal in 
proportion to the greater amount of protein loaded. 

The complete absence of HSP70 in the Malpighian tu¬ 
bules can also not be due to a general failure of heat 
shock in these samples since the fluorogram clearly 
showed a significantly increased synthesis of the 64 kDa 
and other heat inducible polypeptides which are known 
to be heat shock induced in this tissue’’. 

The HSP70 protein of Drosophila can decay in vivo as 
well as in vitro at a much faster rate; degradation, which 
is mediafed by a proteolytic action of HSP70 protein 
upon itself, may sometimes occur rapidly, even during 
the course of electrophoresis’^. To check that the ab¬ 
sence of HSP70 in Malpighian tubules was not due to a 
tissue-specific degradation of this polypeptide, the 
Malpighian tubules and salivary glands excised from 
late third instar larvae were pooled, heat shocked to¬ 
gether, dissolved in the sample buffer and run in one 
lane: Western blot revealed a distinct presence of the 
HSP70 in this mix (lane 2 in Figure 1 c), similar to that 
in the heat shocked sample of salivary glands alone 
(lane 1 in Figure 1 c). This demonstrated that the Mal¬ 
pighian tubule samples did not specifically lose their 
HSP70 due to degradation. 

The HSP70 protein family in Drosophila includes 
both the heat-inducible (HSP70) and constitutively ex¬ 
pressed homologues, the heat shock cognates (HSC70), 
which exist in several isoforms and show spatial and 
temporal tissue specificity*’’^. Drosophila embryos till 
the blastoderm stage do not synthesize HSP70 after heat 
shock, but are known to have an HSC70 in abundance*. 
Since it is possible that the total level of HSP70-related 
proteins in a cell is highly regulated’*, we examined 
whether the Malpighian tubules of D. melanogaster lar¬ 
vae contained higher levels of HSC70, which may pre¬ 
vent induction of F1SP70. For this purpose, we used the 
7.10 antibody, which recognizes*’ '* both cognates and heat 
inducible forms of HSP70. Western blots of samples from 
different tissues (brain ganglia, salivary glands and Mal¬ 
pighian tubules of larvae), challenged ■with the 7.10 HSC70 
monoclonal antibody, showed (Figure 2) a nearly similar • 



Figure 2. Levels of HSC70 in different larval tissues are similar. 
Western blot of control (lanes 1, 3 and 5) and heat shocked (lanes 2, 
4 and 6) larval brain ganglia (lanes 1 and 2), salivary glands (lanes 3 
and 4) and Malpighian tubules (lanes 5 and 6) challenged with the 
HSC70 antibody (7.10). The molecular sizes (in kDa) are indicated 
on the side. 


pattern , of reacting bands (68-72 kDa) in control and 
heat shocked samples of all the tissues. The more in¬ 
tense signal for salivary glands (lanes 3 and 4 in Fig¬ 
ure 2) in this blot is due to more protein in these lanes. 
There was no noticeable increase in the levels of any of 
the HSC70 polypeptides in control or heat shocked 
Malpighian tubules (lanes 5 and 6 in Figure 2). This 
leads us to believe that the non-inducibility of HSP70 in 
Malpighian tubules is not due to a constitutive presence 
of high levels of HSC70. 

Immunocytochemical staining with the HSP70- 
specific antibody (7Fb) confirmed the absence of 
HSP70 in Malpighian tubules since while the heat 
shocked salivary glands (Figure 3 b) and midgut (Figure 
3 d) showed a distinct positive staining with this anti¬ 
body, cells in control salivary glands (Figure 3 a), mid¬ 
gut (Figure 3 c) and in control as well as heat shocked 
Malpighian tubules (Figure 3 c, d) were negative for the 
HSP70 antibody. It is notable, however, that while the 
highly polytenized large cells of Malpighian tubules did 
not show any staining for HSP70, the fewer, smaller and 
flatter stellate cellsshowed heat shock induced pres¬ 
ence of HSP70 (see Figure 3 e). Apparently, the induced 
HSP70 in these cells was not enough to be detectable in 
the Western blots of whole Malpighian tubules. The 
strong nuclear signal in heat shocked salivary gland 
cells (Figure 3 b) is in agreement with the earlier re- 
port^^ that during heat shock the HSP70 concentrates 
strongly in nuclei.. 

It may be noted that while preparing the Malpighian 
tubule samples for electrophoresis, we took extreme 
care to exclude any part of the midgut to which these 
organs remain attached in situ (see Figure 3 c, d); we 
believe that the induction of all the common HSPs in 
Malpighian tubules of Drosophila larvae as reported in 
an earlier publication^ was due to contaminating pieces 
of midgut, which like other tissues shows strong induc¬ 
tion of HSP70 (Figure 3 d) and other HSPs. 

The present results thus reconfirm the earlier report 
from our laboratory^ that the Malpighian tubules of DrO” 
sophila larvae fail to synthesize any of the common 
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Figure 3. Immunocytochemical localization of HSP70 in control (a and c) and heat shocked ib^ d and e) larval salivary glands {a and b), mid- 
gut (mg in c and d) and Malpighian tubules (mt in c and d). Part of a Malpighian tubule is shown at a higher magnification in (e) to reveal 
HSP70 induction in the peripherally located smaller stellate cells (arrowheads). Also note the stronger antibody binding in the nuclei of heat 
shocked salivary glands {b). The scale bars indicate 50 pm. 


HSPs in response to heat shock. This study further 
shows that the non-induction of HSP70 in this tissue is 
not due to autoregulation"^’ by constitutively present 
HSP70 or HSC70. The same perhaps also applies to 
non-induction of the other HSPs in this tissue. The only 
other cell types of Drosophila which fail to mount the 
typical heat shock response are the nurse cells in late 
stages of oogenesis, oocyte and the pre-blastoderm em- 
bryos^\ However, these cells, unlike the Malpighian 
tubules, do not show induction of a different set of 
polypeptides in response to heat shock, and also in these 
cases the non-induction of the HSPs may be correlated 
with a constitutively high level® of HSC70. Certain types 


of cells of Sarcopkaga^^ also do not show synthesis of 
the typical HSP70 when heat shocked; however, in these 
cases a different form of HSP70, the HSP65, is induced 
instead. Unlike in Sarcophaga, the 64 kDa HSP induced in 
Malpighian tubules of Drosophila larvae is not a homo- 
logue of HSP70 but is a member of the HSP60 family 
Several cell types in mammals also differ in induci- 
bility of the HSP70 when heat shocked^^; however, in 
most of these cases, unlike the situation in Malpighian 
tubules of Drosophila larvae, only the HSP70 is perhaps 
affected. Non-induction of the HSP70 in these mammal¬ 
ian cell types has been ascribed to transcriptional regu¬ 
lation by factors other than the heat shock transcription 
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factor^l Thus, compared to the above cases, the heat 
shock response of Malpighian tubules of Drosophila 
larvae is unique. The regulatory pathways responsible 
for non-induction of all the common HSPs in Mal¬ 
pighian tubules of Drosophila larvae may involve the 
heat shock transcription factor^"^ and/or other auxiliary 
transcription factors"^ necessary for transcriptional acti¬ 
vation of the heat shock genes under conditions of 
stress. Further studies will help understand the mecha¬ 
nism of this regulation as also the biological signifi¬ 
cance of this unique situation of non-inducibility of all 
the common HSPs and induction of a different set in the 
larger polytenized cells of this particular tissue. 
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Codon analysis of cyanobacterial 
genes 

S. Krishnaswamy and S. Shanmugasundaram* 

Bioinformatics Centre, Department of Biotechnology and *DBT 
Centre for BGA Biofertilizer, School of Biological Sciences, 
Madurai Kamaraj University, Madurai 625 021, India 

The genes from different species of cyanobacteria 
have been analysed for relationships both between 
them and with other microbes and organelles. The 
codon bias indices indicate that the unicellular 
Synechococcus strain shows a preferred codon usage 
as those of low expressing genes of £•. coli, Agrobac¬ 
terium tumefaciens and S. typhimurium, whereas the 
filamentous Anabaena sp. and Fremyella diplosiphon 
strains show similarity to yeast (Saccharomyces cer- 
evisiae), Bacillus sp., B. subtilis and Streptococcus sp. 
In so far as the codon bias index can be related to 
expression levels, the data suggest the possibility of 
suitable cloning hosts. The filamentous and unicellu¬ 
lar cyanobacteria can be clearly separated based on 
the codon third-position bias and also the correla¬ 
tions involving codon usage. In general, correlations 
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in codon usage profiles point to the filamentous 
strains being more related to gram positive bacteria 
and eukaryotes, whereas the unicellular strains are 
more related to gram negative bacteria. 

Patterns of codon usage vary between organisms^ and 
to understand regulation of gene expres¬ 
sion ’ . Several organisms have been examined in detail 
in terms of their biased codon usage^’ However, only a 
preliminary analysis has been reported for codon usage 
in cyanobacterial genes^ using a limited set of genes. 
The relationships within cyanobacterial species and with 
other organisms have been examined using the compila¬ 
tion by Wada et al\ who have tabulated the codon us¬ 
age for different organisms. It must be mentioned that a 
study of codon usage of different genes from an organ- 
ism, in spite of potential problems of the pattern of us¬ 
age , can lead to acceptable conclusions in certain 
cases and provide general trends^’ 

The codon usage data were taken from the compila¬ 
tion by Wada et al^. These data refer to only complete 
genes and not to introns. The program CODON was 
used. This was developed by one of us earlier to exam¬ 
ine the relationship of codon usage between plants and 
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Table 1. The percentage of synonymous codons for the unicellular 
(synechococcus, SYN) and filamentous (Anabaena, ANA); (Fremyella 
diplosiphon, FDl) strains are shown. The preferred codons selected with a cut 
off limit of sigma are marked with an asterisk 


AA 

cod 

SYN 

ANA 

FDi 

Gly 

GGG 

13 

8 

6 

Gly 

GGA 

6 

15 

15 

Gly 

GGT 

36* 

53* 

56* 

Gly 

GGC 

45* 

24 

23 

Glu 

GAG 

38* 

21 

17 

Glu 

GAA 

62* 

79* 

83* 

Asp 

GAT 

48* 

58* 

65* 

Asp 

GAC 

52* 

42* 

35* 

Val 

GTG 

34* 

16 

14 

Val 

GTA 

7 

32* 

30* 

Val 

GTT 

27* 

36* 

46* 

Val 

GTC 

32* 

16 

10 

Ala 

GCG 

22* 

12 

8 

Ala 

GCA 

19* 

27* 

32 

Ala 

GCT 

28* 

42* 

51* 

Ala 

GCC 

31* 

19 

U) 

Arg 

AGG 

1 

4 

2 

Arg 

AGA 

1 

14 

10 

Arg • 

CGG 

20 

17 

14 

Arg 

CGA 

8 

7 

7 

Arg 

CGT 

26 

32* 

34* 

Arg 

CGC 

44* 

26* 

33* 

Ser 

AGT 

13* 

16* 

14 

Ser 

AGC 

24* 

19* 

28* 

Ser 

TCG 

22* 

5 

3 

Ser 

TCA 

6 

15* 

8 

Ser 

TCT 

18* 

28* 

28* 

Ser 

TCC 

18* 

17* 

19* 

Lys 

AAG 

46* 

31 

40* 

Lys 

AAA 

54* 

69* 

60* 

Asn 

AAT 

28 

44* 

38* 

Asn 

AAC 

72* 

56* 

62* 

lie 

ATA 

0 

10 

5 

lie 

ATT 

43 

52* 

51* 

lie 

ATC 

57* 

38* 

45* 

Thr 

ACG 

21 

5 

2 

Thr 

ACA 

6 

32* 

25 

Thr 

ACT 

21 

26* 

31* 

Thr 

ACC 

51* 

37* 

42* 

Cys 

TGT 

33* 

52* 

38* 

Cys 

TGC 

67* 

48* 

62* 

Tyr 

TAT 

29 

42* 

35* 

I'yr 

TAC 

71* 

58* 

65* 

Leu 

ITG 

27* 

26* 

27* 

Leu 

TTA 

7 

25* 

29* 

Leu 

CTG 

36* 

16* 

13 

Leu 

CTA 

6 

15* 

16 

Leu 

CTT 

0 

6 

8 

Leu 

CTC 

24 

12 

8 

Phe 

T'F'r 

42* 

57* 

54* 

Phe 

TTC 

58* 

43* 

46* 

Gin 

CAG 

45* 

27 

26 

Gin 

CAA 

55* 

73* 

74* 

His 

CAT 

30 

39* 

58* 

His 

CAC 

70* 

61* 

42* 

Pro 

CCG 

34* 

6 

7 

Pro- 

CCA 

12 

28* 

21 

Pro 

CCT 

18 

37* 

45* 

Pro 

CCC 

35* 

29* 

28* 


plant viruses The codon bias index, which determines 
the level of usage of preferred codons in a gene, has 
been defined earlier"^. In this study, the same definition 
of the codon bias index is used. However, the selection 
of preferred codons is not based on the percentage oc¬ 
currence of codons within a set of synonymous codons. 
The significance of a percentage occurrence depends on 
the’number of synonymous codons. For example, 50% 
occurrence for a codon is not significant when there are 
only two synonymous codons but can be considered pre¬ 
ferred if there are three or more synonymous codons in 
the set. Hence, we have calculated the standard devia¬ 
tion in percentage occurrence within the set of synony¬ 
mous codons for each amino acid. Those codons in a 
synonymous set whose percentage occurrence is above a 
given cut-off limit times the standard deviation are 
flagged as ‘preferred’. These preferred codons of the 
plant, for example, are used to determine if the codons 
of the plant virus are biased towards the plant codon 
usage. The best choice of the cut-off limit is one where 
the minimum number of codons is chosen as preferred 
while no amino acid is left without at least one preferred 
codon (Table 1). 

In order to compare two codon usage profiles, for 
each amino acid a correlation coefficient is calculated 
using the percentage occurrence of codons within the 
synonymous set. The match coefficient for the entire set 
of amino acids is then defined as the sum of the 
weighted correlation coefficients. The weight for each 
amino acid is calculated as the ratio of the total number 
of codons for that amino acid to the total number of 
codons for all the amino acids of the two tables. This is 
done to take into account the differences in amino acid 
composition. 

Thus, 

N 

the match coefficient= w^Cj , 
i 

where 

N= all amino acids except Met, Trp, 

Wi = weight factor, 

defined as 

total number of codons for the /th amino acid 

zz. -^- 

^ total number of codons ’ 

and 

Cf = correlation coefficient of synonymous codon us¬ 
age, 


r„, 1 

1/2 

n. 

1/2 

M- 

I 

to 




L> J 


- J 
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where Pji is percentage occurrence of the yth codon of 
the /th amino acid of one table, qp is the percentage oc¬ 
currence of the yth codon of the /th amino acid of the 
other table, pj, q, are the means and rij is the number of 
codons of the /th amino acid. 

The match coefficient as defined here can vary from_ 

1 (for anticorrelated profiles) to zero (for profiles with¬ 
out correlation) to 1 (for identical profiles). A high 
match coefficient indicates that amino acids with a 
higher frequency of occurrence have a similar distribu¬ 
tion of codons within their set of synonymous codons. 

The codon usage and the set of preferred codons'® 
within the cyanobacterial species-the unicellular 
Synechococcus sp. (SYN), the filamentous Anabaena sp. 
C^N-'^) und Fctnysllci diplosiphoH (FDI)[— are shown in 
Table 1. It is seen that the unicellular strain has a differ¬ 
ent usage from the filamentous strain, unlike in the ear¬ 
lier reported analysis®. This is also seen from the third- 
position codon bias (Table 2), where the unicellular 
strain has less A, T and more C, G as compared to fila¬ 
mentous strains. The match coefficients (Table 2) also 
show that there is a low correlation of codon occurrence 
patterns between unicellular and filamentous strains 
(0.31 in each case), while between the filamentous 
strains the coefficient is high (0.93). Thus, the match 
coefficient is able to provide discrimination between the 
two types of cyanobacterial strains. A comparison of the 
cyanobacterial codon usage profiles with those of other 
organisms using the match coefficients (Table 3) shows 
that the filamentous and unicellular strains of cyanobac¬ 
teria also have different relationships with other organ¬ 
isms. This is seen from the unicellular strain having a 
high match coefficient with the gram negative bacteria 
S. marcescens. Pseudomonas sp., A. vinelandii and the 
gram positive Streptomyces sp. The filamentous strains 
have a high match coefficient with the gram positive 
bacteria B. megaterium. Streptococcus sp. and the eu¬ 
karyotic yeast {Schizosaccharomyces pombe and S. cer- 
evisiae), and with chloroplasts of chlamydomonas, pea 
maize, spinach and tobacco. A high match coefficient 
shows a related pattern of codon occurrence. The above- 
mentioned difference in the codon usage profile implies 
that the unicellular and filamentous forms could have 
different evolutionary branches. 

The codon bias index refers to how the preferred 
codons of other organisms are used in cyanobacterial 
genes, while the match coefficient is an indicator of the 
correlation in use of all the codons. of cyanobacterial 
genes and the other organism. Thus, the bias and the 
match coefficient need not relate to each other as has 
also been shown elsewhere* 

The usage of preferred codons in organisms has been 
related to levels of gene expression though it is known 
that there are other factors that also affect gene expres¬ 
sion levels. A comparison of the codon bias indices of 


Tabic 2. 

Differentiating unicellular from filamentous strain by 
codon analysis 


SYN 

ANA 

FDI 


0 

- 


Frequency of base at position 3: 



A 

0.15 

0.29 

0.26 

T 

0.23 

0.31 

0.35 

C 

0.36 

0.24 

0.25 

G 

0.27 

0.17 

0.14 

Ratio of: 




XCG 




XCC 

0.73 

0.33 

0.26 

XTA 




XTT 

0.29 

0.78 

0.72 

Match coefficient relating the codon profile of the 

different forms of 

cyanobacteria: 



SYN 

1.0 

0.31 

0.31 

0 




ANA 

0.31 

1.0 

0.93 

FDI 

0.31 

0.93 

1.0 


Table 3. The match coefficient relating the codon profile of the 
unicellular and filamentous forms with respect to those of the diffcr- 
_ ent species 


Match 

coefficient 

SYN 

0 

ANA 

FDT 

Gram negative bacteria 




E. coli 

0.40 

0.24 

0.35 

Pseudomonas sp. 

0.60 

-0.25 

-0.24 

A. tumefaciens 

0.36 

-0.29 

-0.19 

A. vinelandii 

0.57 

-0.25 

-0.23 

K. pneumoniae 

0.55 

0.11 

-0.09 

S. marcescens 

0.75 

0.04 

0.05 

S. typhimurium 

0.43 

0.17 

0.26 

R. capsulatus 

0.50 

-0.40 

-0.31 

B. japonicum 

0.53 

-0.36 

-0.33 

Rhizobium 

0.54 

-0.36 

-0.35 

Clostridium sp. 

-0.38 

0.47 

0.37 

Gram positive bacteria 




B. subtil is 

0.04 

0.42 

0.47 

Bacillus sp. 

-0.08 

0.46 

0.47 

B. megasterium 

-0.08 

0.66 

0.67 

B, sphaericus 

-0.39 

0.43 

0.42 

Streptococcus sp. 

-0.08 

0.62 

0.62 

S. aureus 

-0.26 

0.52 

0.49 

B. stearothermophilus 

0.37 

0.16 

0.20 

Streptomyces sp. 

0.58 

-0.34 

-0.35 

Eukaryotes 




S. pombe 

-0.06 

0.61 

0.61 

S. cerevisiae 

-0.04 

0.62 

0.59 

Kluyveromyces 

-0.29 

0.48 

0.43 

Wheat chloroplast 

-0.22 

0.60 

0.57 

Euglena gracilis 

-0.28 

0.54 

0.51 

Marchantia polymorpha 

-0.25 

0.55 

0.52 

Zea mays 

-0.25 

0.57 

0.55 

Pisum sativum 

-0.23 

0.61 

0.60 

Spinach 

-0.25 

0.58 

0.57 , 

Nicotiana tabaccum 

-0.18 

0.62 

0.61 

Chlamydomonas 

0.10 

0.73 

0.63 
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Table 4. The codon bias indices (CBI) for the unicellular and fila¬ 
mentous forms with respect to the preferred codons selected for the 
different species. The cut-off limit used for selection in standard 
deviation units is given in parantheses 

CBI 

SYN 

0 

ANA 

FDI 

Gram negative bacteria 

E. coli (low) (2)* 

0.31 

0.10 

0.14 

E. coli (high) (2)** 

0.17 

0.17 

0.21 

E. coli (2) 

0.34 

0.20 

0.22 

Pseudomonas sp. (2) 

0.22 

-0.09 

-0.09 

A. tumefaciens (2) 

0.28 

-0.06 

-0.04 

A. vinelandii (2) 

0.21 

-0.06 

-0.04 

K. pneumoniae (2) 

0.21 

-0.07 

-0.09 

S. marcescens (2) 

0.21 

-0.05 , 

-0.05 

S. typhimurium (2) 

0.26 

-0.01 

-0.07 

R. capsulatus (2) 

0.20 

-0.10 

-0.12 

B. japonicum (2) 

0.22 

-0.13 

-0.13 

Rhizobium (2) 

0.22 

-0.14 

-0.15 

Clostridium sp. (2) 

-0.18 

0.20 

0.22 

Gram positive bacteria 

B. subtilis (2) 

0.09 

0.28 

0.29 

Bacillus sp. (2.5) 

0.13 

0.30 

0.29 

B. megaterium (2.5) 

-0.03 

0.20 

0.17 

B. sphaerieus (2.0) 

-0.19 

0.22 

0.23 

Streptococcus sp. (2.0) 

-0.05 

0.27 

0.33 

S. aureus (2.0) 

-0.12 

0.24 

0.26 

B. stearothermophilus (2.5) 

0.16 

0.00 

-0.04 

Streptomyces sp. (2.0) 

0.17 

-0.08 

-0.07 

Eukaryotes 

S. pombe (2) 

-0.03 

0.20 

0.26 

S. cerevisiae (2) 

0.01 

0.28 

0.32 

Kluyveromyces (2) 

-0.12 

0.21 

0.23 

Wheat chloroplast (2) 

-0.17 

0.25 

0.30 

M. phymorpha (2) 

-0.04 

0.19 

0.22 

Z. mays (2) 

-0.17 

0.26 

0.29 

P. sativum (2) 

-0.14 

0.24 

0.26 

Spinach (2) 

-0.22 

0.24 

0.27 

N. tabaccum (2) 

-0.09 

0.26 

0.29 

Chlamydomonas (2) 

-0.02 

0.27 

0.28 


*Genes with low expression and **genes with high expression. 


the cyanobacterial genes with respect to other organisms 
(Table 4) shows that the codon usage of unicellular 
genes is biased towards E. coli (low expression) and A. 
tumefaciens, whereas the filamentous genes are biased 
towards S. cerevisiae. Bacillus sp., B. subtilis and chlo- 
roplasts. In as far as the biased codon usage is a deter¬ 
minant of the levels of gene expression, it is seen 
through this analysis that A. tumefaciens could form an 
alternate cloning host apart from E. coli for unicellular 
strains and filamentous strains may be better expressed 
in S. cerevisiae. Bacillus sp. or B. subtilis. These con¬ 
clusions are being made to form a basis for molecular 
biology experiments involving cyanobacteria. 
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Effects of feeding mulberry (Morus 
sp.) leaves supplemented with 
different nutrients to silkworm 
(Bombyx mori L.) 

A. A. Sarker, M. R. Haque, M. A. Rab and 
N. Absar* 

‘Bangladesh Sericulture Research and Training Institute, Rajshahi 
6100, Bangladesh 

♦Department of Biochemistry, Rajshahi University, Rajshahi 6205, 
Bangladesh 

The growth of silkworm larvae improved signifi¬ 
cantly on feeding them mulberry leaves supple¬ 
mented with different nutrients. The total protein 
content of silk gland increased, while the water, total 
lipid and carbohydrate contents decreased. The lar¬ 
val weight, silk gland weight and total protein in silk 
gland were found to be highest for treatment TSg 
(soymilk 4- sugar + vitamins + potassium iodide salt), 
followed by TS 7 (glycine H-alanine + sugar + vita¬ 
mins -f potassium iodide salt) and TS9 (milk pow¬ 
der + sugar + vitamins + potassium iodide salt) 
treatments. The highest values of single-cocoon 
weight, single-shell weight and filament length jv^re 
observed for treatment TSg (1.34 g, 0.26 g and 
799.42 m/cocoon, respectively), whereas cocoon yield 
was found to be highest for treatment TS7 
(110.17 g/100 larvae). No significant difference was 
observed between the treatments TS7, TSg and TS9, 
their influence on silk gland and cocoon characteris¬ 
tics being more or less similar. The cocoon yield/100 
larvae was increased by 20.61%, 20.38% and 19.06% 
in treatments TS7, TSg and TS9, respectively, over the 
control treatment. 
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It has been well established that the silkworm (Bombyx 
mori L.) requires certain essential sugars, proteins, 
amino acids, fatty acids and vitamins for its normal 
growth, survival and also for the growth of silk gland 
and higher production of good-quality silk. The nutri¬ 
tional status of the mulberry leaves can be improved by 
enriching them with extra nutrients. Fortification of 
mulberry leaves with extra nutrients like glucose, gly¬ 
cine, egg albumin, molasses, etc., was found to increase 
the larval growth and improve cocoon characteristics*’ 

Feeding the silkworms mulberry leaves fortified with 
2 % solution of casein or jaggery or urea in tap water did 
not improve any of the economic cocoon characteristics 
significantly^. Gridhar and Radha"* reported that supple¬ 
mentation with 10 ppm glycine resulted in higher larval 
weight, shell weight, filament length compared to con¬ 
trol. Alagumalai et al,^ observed that fortification of 
mulberry leaves with the flours of black gram and red 
gram bran improved the larval growth and cocoon char¬ 
acteristics. Young larvae reared on 1.5% ascorbic acid 
enriched mulberry leaves resulted in higher silk length, 
weight and values^. 

The work was undertaken to study the biochemical 
composition of silk gland as well as the growth and co¬ 
coon production of silkworm Bombyx mori L. on feed¬ 
ing mulberry leaves supplemented with different 
nutrients. 

The silkworm race BSRI-85/3 was selected for the 
study. Normal mulberry leaves were supplemented with 
different nutrient chemicals (variety BM-3) in the form 
of aqueous solution as follows: 

TSo (control): Without supplement 

TSi : Glycine (0.5%) + alanine (0.5%) 

TS 2 : Soymilk 

TS 3 : Milk powder (10%) 

TS4 : Sugar (10%) 

TS 5 : Vitamin B (0.5%) + vitamin C (l%) 

TS 6 : Potassium iodide salt ( 1 %) 

TS7 :TSi + TS4+TS5 + TS6 

TSg :TS2 + TS 4 +TS 5 -fTS 6 

TS9 : TS3 + TS4 + TS5 -}- TSg .. 


Mulberry leaves supplemented with these nutrients in 
stated concentrations were fed to silkworms from fourth 
instar of larval stage till spinning since during this 
period the worms have a more vigorous growth with 
larger assimilation of nutrients. Worms were reared to¬ 
gether in mass beds up to the second larval stage and 
after second-moult worms were separated in four 
batches (replication) of 100 worms for each treatment. 
Worms were fed with mulberry leaves smeared with 
aqueous solutions of above nutrients just before feeding, 
at the rate of 5-10 ml solution per 30-50 g mulberry 
leaves. 

The weights of mature larvae were determined by 
taking the weight of 10 larvae just before spinning, and 
the other individual quantitative and qualitative cocoon 
characteristics were determined after the spinning fol¬ 
lowing standard techniques as applied for the assess¬ 
ment of silk cocoons. 

Silk gland was isolated in the fifth instar of larval 
stage. The fourth batch (replication) was used for this 
experiment. The fresh weight and dry weight of silk 
gland were estimated gravimetrically. The carbohydrate 
content^, total lipids^ and total proteins^ were estimated. 

Soymilk was prepared according to the methods of 
Khaleque et and Sarker and Khaleque**. The rear¬ 
ing was conducted (in 1992) following the method of 
Krishnaswami*^ during the seasons Sj (February- 
March), S 2 (May-June), S 3 (August-September) and S 4 
(November-December). The temperature and relative 
humidity of the rearing room were, respectively, 
27.30 ± 3.50°C and 67.60 ± 4.90%, 29.60 ± 3.70°C and 
73.50 ± 7.30%, 28.40 ± 0.60°C and 84.30 ± 5.20%, 
23.65,± 3.20°C and 69.30 ±4.10% in different seasons. 

The chemical composition of silk gland and the 
growth of Bombyx mori larvae fed mulberry leaves 
supplemented with different nutrients were studied in 
four seasons. Table 1 presents the mean larval weight, 
silk gland weight and the chemical composition of silk 
gland under different treatments of supplementation over 
the four seasons. The highest larval weight 
(3.62 g/individual) and silk gland weight (778.75 mg/larva) 


Table 1, Mean weight and chemical composition of silk gland fed on mulberry leaves supplemented with different nutrients 

Chemical component of silk gland 


Treatment 

Average larval 
weight (g) 

Silk gland weight 
(mg/larva) 

Water 
(mg/g wt) 

Total protein 
(mg/g dry wt) 

Total lipid 
(mg/g dry wt) 

Carbohydrate 
(mg/g dry wt) 

TSo 

2.89e 

572.50d 

736.85a 

269.73d 

634.35a 

6 .02a 

TSi 

3.30bc 

695.00bc 

719.26bc 

313.13b 

620.22abc 

5.83ab 

TSi 

3.37b 

708.25b 

718.17bc 

314.71b 

615.00bcde 

5.Slab 

TS 3 

3.27bcd 

681.25bcd 

720.13bc 

313.24b 

616.01bcd 

5.77ab 

TS 4 

3.09de 

656.25bcd 

725.45bc 

282.34c 

617.16bcd 

5.84ab 

TS 5 

T'C 

3.02e 

649.50bcd 

724.78bc 

287.19c 

621.22ab 

5.72ab 

1 06 

Trc 

2.99e 

627.50cd 

726.42b 

286.03c 

619.41bc 

5.71ab 

1 07 

'TC 

3.60a 

760.75a 

704.38d 

342.20a 

604.13de 

5.42b 

IO8 

TC 

3.62a 

778.75a 

700.48d 

343.21a 

606.27cde 

5.39b 

1 O9 

3.60a 

741.50a 

701.08d 

340.87a 

601.82e 

5.35b 


Figure(s) followed by the same letter(s) are not significantly different at 1% level as per Duncan’s new multiple range test. 
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Table 2. Mean cocoon characteristics of BSRI-85/3 race fed on 
mulberry leaves supplemented with different nutrients 


Single- 

cocoon 

Treatment weight (g) 

Single- 

shell 

weight (g) 

Cocoon 
yield/100 
larvae (g) 

Filament 

length 

(m/cocoon) 

TSo 

1.27f 

O.I9e 

91.34f 

684.00h 

TS, 

1.30cde 

0.22cd 

103.16bcd 

754.16cde 

TS 2 

1.31bcd 

0.23bc 

104.79b 

758.50bcd 

TS 3 

1.30cde 

0.22cd 

103.45bc 

745.75de 

TS 4 

1.28ef 

0.21cde 

99.99bcd 

724.08f 

TSs 

1.27f 

0.20de 

97.3 Ide 

713.08fg 

TSo 

1.27f 

0.20de 

94.92def 

700.58gh 

TS 7 

1.33ab 

0.25ab 

110.17a 

776.00ab 

TSg 

1.34a 

0.26a 

109.96a 

779.42a 

TSo 

1.32abc 

0.25ab 

108.75a 

771.58abc 


Figure(s) followed by the same letter(s) are not significantly different 
at 1% level as per Duncan’s new multiple range test. 


J II- ,—,—,—,—,—,—,—^^—,—I 
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Av . larval weight (g) 

Figure 1. Mean larval weight as a function of silk gland weights. 

were observed on feeding mulberry leaves subjected to 
treatment TSg, followed by TS7 (3.60 g and 
760.75 mg/larva, respectively) and TS9 (3.60 g and 
741.50 mg/larva, respectively). The protein content of 
silk gland increased while the water, total lipid and car¬ 
bohydrate contents of silk gland decreased significantly 
due to supplementation of mulberry leaves with different 
nutrients. The highest total protein (343.21 mg/g) con¬ 
tent of silk gland was noticed on feeding mulberry 
leaves subjected to treatment TSg, while the water 
(736.85 mg/g), total lipid (634.35 mg/g) and carbohy¬ 
drate ( 6.02 mg/g) contents silk gland were found to be 
highest in the control treatment (TSo). It may be seen 
from the Table 1 that the values for larval weight, silk 
gland weight and chemical components of silk gland on 
feeding mulberry leaves subjected to treatments TS7, 
TSg and TS9 are more or less similar and did not vary 
significantly. 

The mean larval weight was plotted against silk gland 
weight and the regression line was fitted by the method 
of least squares (Figure 1). From statistical analysis the 
correlation coefficient was found to be positive 
{r = 0.97), which indicates that as the larval weight in¬ 
creases the silk gland weight increases. 

Mean cocoon characteristics under different treat¬ 
ments of supplementation over four seasons are pre¬ 
sented in Table 2. It is seen from the table that single¬ 
cocoon weight, single-shell weight, cocoon yield and 
filament length increased significantly by feeding mul¬ 
berry leaves supplemented with different nutrients. All 
the cocoon characteristics were found to show the 


maximum improvement on feeding mulberry leaves 
subjected to treatment TSg except for cocoon yield, 
which was found to be highest for treatment TS7. The 
lower cocoon yield in treatment TSg might be due to 
the higher mortality. However, no significant differences 
were observed between the treatments TS7, TSg and TS9 
in respect of the cocoon characteristics of silkworm 
Bombyx mori L. 

Supplementation with amino acids like tyrosine, 
phenylalanine and alanine improved the leaf quality of 
mulberry^^. Sengupta et al} reported that the silk con¬ 
tent was more with 1 % ascorbic acid in the diet of the 
silkworms. Babu et al.^ observed that the first and sec¬ 
ond instar larvae reared on 1.5% ascorbic acid enriched 
mulberry leaves resulted in higher silk length, weight 
and denier values. Salts of potassium and calcium have 
been found to have significant effect on the growth of 
the silkworm. The addition of amino acids in low con¬ 
centrations gave the best results regarding weights of 
larvae, percentage of silk gland, crude protein, cocoons 
and cocoon shells’"^. Beneficial effect of feeding sugars 
to larvae of the Bombyx mori silkworm was noted by 
Ito^^. Fortification of mulberry leaves with the flours of 
black gram bran and red gram bran increased the larval 
weight, silk gland weight and improved cocoon charac¬ 
teristics like cocoon weight, shell length, cocoon 
length,cocoon width, shell ratio and also the reproduc¬ 
tive parameters^. Observations made during this experi¬ 
ment corroborates these findings to a great extent. The 
supplementation with glycine + alanine + sugar + 
potassium iodide salt + vitamins (treatment TS 7 ), 
soymilk + sugar + potassium iodide salt + vitamins 
(treatment TSg) and milk powder + sugar + potassium 
iodide salt + vitamins (treatment TS 9 ) significantly im¬ 
proved the larval weight, silk gland weight, chemical 
composition of silk gland and cocoon characteristics of 
Bombyx mori (Tables 1 and 2). Cocoon yield/100 larvae 
was increased by 20.61%, 20.38% and 19.06% with 
treatments TS 7 , TSg and TS9, respectively, over the 
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control (no supplementation). These might be due to the 
presence of increased amounts of proteins/amino acids 
and other nutrients in mulberry leaves which contributed 
to the extra growth of the silkworm, thereby increasing 
the weights of larvae and silk gland and improving the 
cocoon characteristics of Bombyx mori. 

There existed a positive correlation (r = 0.77) bet¬ 
ween silk gland weight and larval weight in the fifth 
instar larvae fed on mulberry leaves supplemented with 
different nutrients. Opender et and Devaiah et al}'^ 
observed that the rate of increase in silk gland weight is 
proportional to the rate of increase in the body weight of 
silkworm. It has previously been reported that the ratio 
of the two rates was constant throughout the fifth in- 
star^^. The present study also confirms these results. 

The significant decrease in the water, total lipid and 
carbohydrate contents and the increase in the total pro¬ 
tein content in silk gland indicate the qualitative and 
quantitative improvement of silk gland due to feeding 
mulberry leaves supplemented with different nutrients, 
subsequently reflected in the improved cocoon charac¬ 
teristics of Bombyx mori L. However, further studies are 
needed on large-scale level before transfer of techno¬ 
logy to the field. 
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BOOK REVIEWS 


The Guide to the Galaxy. N. Henbest 
and H. Couper. Cambridge University 
Press, Cambridge. 1994. pp. 265. Price: 
£35/$49.95 (hardbound); £17.95/$24.95 
(paperback). 


The last two decades have seen great 
advances in astronomical colour photog¬ 
raphy and in computer-generated images 
of data obtained at all wavelengths from 
both ground-based and space observa¬ 
tories. These made possible the appear¬ 
ance of‘picture books’ in astronomy, of 
which there have been several in recent 
years. Apart from adorning coffee ta¬ 
bles, which they do very well, such 
publications serve to convey to nonas¬ 
tronomers some idea of the great beauty 
there is in the heavens albeit inaccessi¬ 
ble to the unaided eye. They also 
transmit some of the excitement surely 
felt by the astronomers in the difficult 
and time-consuming process of creating 
such images. Even more useful is the 
role that such books can play in arous¬ 
ing the interest of the young, if not in 
pursuing a career in astronomy, at least 
to learn of some of its wonders. The 
book under review has gone much fur¬ 
ther and could well become a Bible for 
the amateur astronomer who really 
wants to know what he or she is looking 
at whether through a small telescope, or 
binoculars, or just gazing at the night 
sky. 

A short description of the book on the 
flyleaf reads: 

‘Nigel Henbest and Heather Couper take 
us on a personal tour of the Milky Way 
in this delightful guide to our home 
Galaxy. This book is written in non¬ 
technical language, for the general 
reader and the amateur astronomer. The 
lucid text is supported by a dazzling 
portfolio of colour photographs of stars, 
star clusters and gas clouds in the Milky 
Way. Specially created maps locate the 
hundreds of tourist spots visited in this 
journey through space. 

The guide introduces the nature and 
structure of our Galaxy as a whole. All 
types of objects that it contains are then 
described. These include mysterious 
black holes, the giant globular clusters, 
of stars, every kind of star, regions of 
star formation, exploding stars and their 
remnants and the enigmatic objects at 
the galactic centre, as well as the giant 
halo surrounding the Galaxy.’ 

That is accurate as far as it goes, but 
there is more to the book than that. On 


the very first page the authors call their 
effort ‘a celebration of the first clear, 
panspectral view of our own star-city 
. . . a book that could not have been 
written until now’. Putting together 
what we have seen through all the as¬ 
tronomical windows from radio to 
gamma rays, the authors succeed in pre¬ 
senting a ‘holistic’ picture of our Gal¬ 
axy illustrated with maps that really 
‘could not have been drawn up even a 
few'years ago’. 

Scattered all through the book, and 
particularly in the early chapters, are 
engaging accounts of how certain pro¬ 
found discoveries and advances came 
to be made by the great names in the 
history of astronomy. A score of por¬ 
traits/photographs of particular indi¬ 
viduals starting with Galileo adds to the 
character of the book, much credit for 
which must surely go to Michael Mar¬ 
ten, the picture editor. 

The word ‘Guide’ in the title of the 
book is serious. The book is aimed at 
the genuinely interested visitor to the 
Galaxy and not the kind of tourist that 
would like to do the Taj Mahal in ten 
minutes and get back to the hotel. 
Adopting a geographical approach the 
authors lead the reader firmly by the 
hand through the highways and byways 
of our Milky Way system arid keep 
feeding more information than any in¬ 
telligent lay reader could ever absorb in 
one go. The maps, which are brightly 
coloured, are innovations and contain a 
lot of information obtained from a vari¬ 
ety of sources, much of it in very recent 
years. There are a great number of large 
boxes which I found somewhat distract¬ 
ing at first; in retrospect, however, I feel 
that the number of topics covered could 
not have been handled otherwise. In¬ 
deed, I find it amazing how much astro- 
physical knowledge has been touched 
upon as and when relevant to whatever 
object in ‘the Galaxy or phenomenon in 
the sky was being described. 

Everything said above could well be 
called praise. Is there any criticism I 
have of this fine book? Almost nothing 
as far as the content is concerned, but 
there were a few places where the 
choice of words grated a bit. An exam¬ 
ple of such infelicity is (p. 125): 

‘Determined to punish Orion’s chutz¬ 
pah, Hera ... . . .’. Something else 
which appeared more than once is, . . . 
star X or blaclc hole Y or whatever 
weighing ‘m af so many Suns, pp. 205, 
245, etc. Astronomical objects are not 
boxers or jockeys and the authors could 


please remove the prepositions in future 
editions. 

To sum up, The Guide to the Galaxy 
is a must for the serious amateur, a 
worthwhile acquisition for any scientific 
library and even for the professional 
astronomer, a source of information 
outside one’s own area of specializa¬ 
tion. 

V. Radhakrishnan 

Raman Research Institute, 

Bangalore 560 080, India 


Crustal Evolution of Singhbhum -> 
North Orissa, Eastern India. A. K. 

Saha. Memoir 27, Geological Society of 
India, Bangalore. 1994. pp. xii + 341. 
Price: Rs. 350.00; $50. 


The Precambrian terrain of Bihar-Orissa 
has attracted the attention of Indian 
geologists for more than a century, 
probably because of the presence of rich 
mineral deposits. The work of Dunn*’^, 
Jones^, Krishnan"^ and Dunn and Dey'** 
laid down the basic framework of the 
geology of this region. Since the middle 
part of this century, there has been a 
spurt of research activity on structural, 
petrological, geochemical and geochro- 
nological aspects and the new work has 
greatly enriched our knowledge on this 
important segment of the Indian shield. 
Saha and his group have been in the 
forefront of this modern research and 
several of our current notions stem from 
their work. Saha has drawn on his vast 
experience in writing this monograph on 
the geology of Singhbhum-North 
Orissa, which would remain a standard 
work of reference for many years to 
come. In a book of this type the author’s 
own perceptions are bound to come out 
strongly in the writing, though Saha has 
made conscious effort to refer to oppos¬ 
ing viewpoints. As the title of the book 
indicates, he has attempted to integrate 
the information coming from different 
lines of study to build a model of Pre¬ 
cambrian crustal evolution of this ter¬ 
rain. 

Chapter 1 places the Singhbhum re¬ 
gion in the perspective of the Indian 
shield by highlighting the salient points 
about the evolutionary history of the 
different Precambrian provinces. No 
mention is, however, made about the 
Precambrian sedimentary basins, e.g. 
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the Vindhyans and the Cuddapahs. A 
brief summary of the current status of 
our knowledge on the Singhbhum- 
North Orissa region in Chapter 2 is 
followed by the chapter describing the 
regional structural framework of the 
terrain. The work of R. K. Verma and 
his coworkers on the gravity field 
is summarized. Upper crustal structures 
interpreted from the gravity data are 
described. The thermal model for the 
formation of the West Singhbhum 
Iron Ore Basin is discussed in sorne 
detail. However, one of the major tec¬ 
tonic problems of this region, namely 
the structural relations between the 
North Singhbhum fold belt and the 
Singhbhum Granite Complex and 
the Iron Ore Basins, is not thoroughly 
discussed. It is stated that the Archaean 
nucleus subducted southward below 
the Granulite Belt, but no firm support¬ 
ing evidence is offered, nor is there any 
attempt to explore how this southward 
subduction fits with the supposed 
northward subduction along the north¬ 
ern boundary. A convincing demon¬ 
stration of the subduction of an Ar¬ 
chaean ( >3.2 Ga) cratonic nucleus be¬ 
low another plate during the Proterozoic 
would have been of great geodynamic 
interest. 

Chapters 4—8 describe the different 
units in the. Archaean craton: Older 
Meamorphic Group and Older Meta- 
morphic Tonalitic Gneiss, Iron Ore 
Group, Singhbhum Granite, Bonai 
Granite, Nilgiri Granite, and Pallahara 
Gneiss. Saha and his group have carried 
out sustained work on these rocks and 
the chapters contain a wealth of infor¬ 
mation, particularly on field relations, 
petrography and geochemistry. The 
structural geometries in the different 
units are described and the evidences 
for inferring the relative ages of the 
supracrustal and granitoid rocks are 
cogently discussed. Modal and chemical ^ 
(major, trace and REE) analyses of the 
different rock types provide valuable 
documentation. Interesting new results 
on the petrogenesis of the granitic rocks 
are presented. These are based on petro- 
genetic modelling from geochemical 
data, a novel exercise in Indian Precam- 
brian geology. Such studies provide 
important constraints in building up 
tectonic models. 

Chapter 9 summarizes the available 
data on the geochronology of these 


rocks. The author has emphasized the 
importance of multiple methods of dat¬ 
ing. However, for a region of such 
complexity the dates are too few and the 
picture that emerges is rather confusing. 
Some of the dates are interpreted as 
metamorphic dates, others as ages of 
crystallization while still others are 
thought to represent partially reset ages. 
However, no clear rationale for such 
deductions are presented. It is disquiet¬ 
ing that Saha is adhering to the idea of 
3.8 Ga old OMTG despite the fact that 
Basu and his coworkers could not re¬ 
produce their earlier isochron. In a re¬ 
cent publication Sharma et al.^, have 
repudiated their earlier conclusion and 
have upheld the ca. 3.3 Ga age of the 
OMTG. It is fairly certain that the 
OMTG is at least 3.3 Ga old and during 
the next one billion years there were 
several episodes of granitic activity. But 
much more work needs to be done to 
discriminate geochronologically all the 
different events: the 3.8 Ga emplace¬ 
ment age of OMTG is still to be estab¬ 
lished convincingly. 

Chapters 11-14 deal with the Pro¬ 
terozoic fold belt of North Singhbhum. 
The broad structural features and meta¬ 
morphic pattern are described, though 
no reference is made to some new con¬ 
tributions on structure and metamor¬ 
phism in the belt, for example, 
Bhattacharya^, Bhattacharya et al}, 
Chakraborty and Sen^, Mukhopadhyay 
et and Roy‘‘. The Dalma volcanic 
belt is described as a synclinorium 
though there is no struciural evidence in 
favour of this idea nor are there any data 
to suggest that the supracrustal se¬ 
quences north and south of the volcanic 
belt are equivalent. A welcome inclu¬ 
sion is the sedimentary fapies analysis 
of a part of the Chaibasa Formation. 
There is an excellent treatment on the 
geochemistry of the volcanic rocks, 
particularly the Dalmas and the Dhan- 
joris. The compilation of the chemical 
parameters of the different metabasic 
suites, the granitoid rocks and the other 
intrusive rocks would be useful for all 
earth scientists interested in this belt. 
Petrogenesis of the Mayurbhanj Granite 
has been discussed in some detail using 
mass balance calculations. 

Chapter 17 describes the major thrust 
zones in the region, the most important 
of which is .the Singhbhum shear zone. 
The author has preferred to use the term 


Copper Belt Thrust, though it is a duc¬ 
tile shear zone several kilometers wide 
and no discrete' thrust surface can be 
mapped. The thrust is stated to grade 
into a high-angle gravity fault in the 
west (p. 177), but there is no structural 
indication of gravity faulting. There are 
scanty structural data on the Northern 
Shear Zone and even less on the 
Sukinda Thrust Zone. 

The author’s synthesis on the Pre- 
cambrian crustal evolution of the 
Singhbhum-North Orissa region is 
summarized in Chapter 19. It is implicit 
from his discussion that the model is not 
tightly constrained. There are many gaps 
in our knowledge, some of which the 
author has highlighted; these need to be 
bridged before we arrive at a fuller un¬ 
derstanding of this part of the Indian 
Shield. 

A large number of well-drafted maps 
and diagrams supplementing the text 
have added to the value of this mono¬ 
graph. Unfortunately, many of the lo¬ 
calities referred to are not marked on the 
geological map (E|gure 2.3) nor are 
their latitudes-longitudes given. Some 
mistakes haveSbeen noticed in the list of 
references. 

The monograph presents a fairly bal¬ 
anced view of the existing state of our 
knowledge on the different aspects of 
the geology of this terrain. The wealth 
of petrological and geochemical data 
culled from different sources and the 
exhaustive bibliography are the main 
attractions of this volume. It should find 
a place in the bookshelf of all serious 
students of Precambrian geology. 

1. Dunn, J. A., Mem. GeoL Soc. India, 
1929, 54, 1-166. 

2. Dunn, J. A., Mem. Geol. Soc. India, 
1940,63,303-369. 

3. Jones, H. C., Mem. Geol. Soc. India, 
1934,63,167-302. 

4. Krishnan, M. S., Mem. Geol. Soc. India, 
1937,71,1-181. 

5. Dunn, J. A. and Dey, A. K., Mem. Geol 
Soc. India, 1940, 69, 281-450. 

6. Sharma, M., Basu, A.CR. and Ray, S. L., 
Contrib. Mineral. Petrol, 1994, 117, 
45-55. 

7. Bhattacharya, D. S., Bull Geol Min. 
Met. Soc. India, 1966, 36, 1-21. 

8. Bhattacharya, D. S., Pasayat, S. and 
Sarkar, A. N., Indian J. Earth Sci., 
1976, 3, 26-36. 

9. Chakraborty, K. R. and Sen, S. K., 
Contrib. Mineral. Petrol, 1967, 16, 
210-232. 

10. Mukhopadhyay, D., Bhattacharya, T., 
Chakraborty, T. and Dey, A. K., Proc. 
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Indian Acad. Sci. {Earth Planet. Sci.), 
1990, 99, 249-268. 

11. Roy, A. B., Geol. Mijnb., 1966, 45, 
365-374. 


Dhruba Mukhopadhyay 

Department of Geology, 

University of Calcutta, 

35 Ballygifnge Circular Road, 

Calcutta 700 019, India 


Annual Review of Phytopathology, 
1994. R. James Cook (ed.), Annual Re¬ 
views Inc., 4139 El Caniino Way, Palo 
Alto, California 94303-0897, USA. Vol. 
32. 639 pp. Price: USA $49, elsewhere 
$54, 


As a professional plant pathologist, the 
reviewer himself has been an avid and 
regular reader of this review series and 
has all the volumes in his own library. 
This series has been popular with plant 
pathologists all over the world because 
of its wide coverage of topics, ranging 
from historical to those covering' the 
cutting edges of the science of plant 
pathology. Many topics chosen are of 
international interest. Volume 32 once 
again follows the rich tradition. 

The volume has 30 review topics 
classified into 13 groups: Prefatory 
chapter; Pioneer leaders; Diagnosis and 
appraisal of plant disease; Pathogens: 
Fungi; Pathogens: Bacteria; Pathogens: 
Nematodes; Pathogens: Viruses; Physi¬ 
ology, morphology, anatomy, biochem¬ 
istry and molecular biology of host- 
pathogen interactions; Epidemiology 
and influence of climate; Toxicants and 
chemical control; Biological and culture 
control; and Special topics. 

The first two groups - Prefatory 
chapter and Pioneer leaders - relate to 
historical aspects. There is only one 
article under the first group written by 
Dr George A. Zentmeyer about his own 
55-year innings as a professional pa¬ 
thologist. It is very readable and particu¬ 
larly useful to young plant pathologists, 
who could learn from the varied, excit¬ 
ing experiences narrated by the author. 
The second group has three articles on 


three pioneers in the field of plant pa¬ 
thology - Harry Marshall Ward, Tom 
Goodey and Frederick Charles 
Bawden - all from the United Kingdom, 
whose work has had tremendous impact 
internationally. There is an interesting 
account of how the rust disease of cof¬ 
fee wiped out the crop from Sri Lanka 
and was replaced by tea towards the end 
of the last century, despite efforts by 
experts like Harry Marshall Ward. Tom 
Goodey is today considered the father of 
nematology in Britain. Bawden’s con¬ 
tribution to the field of virology in 
1930s has been a landmark; he and his 
colleague Pirie provided for the first 
time evidence that viruses are nucleo- 
proteins. All the three articles make 
very interesting reading. 

The third group, Diagnosis and ap¬ 
praisal of plant disease, contains three 
articles. The first one deals with ash 
{Fraxinus spp.) yellows disease, the 
second with dogwood (Cornus spp.) 
anthracnose, and the third with the so- 
called beech (Fagus spp.) bark disease. 
The three articles will be of interest 
mostly to the scientists of North Amer¬ 
ica and possibly Europe and other tem¬ 
perate regions. 

The next four groups cover topics re¬ 
lated to fungi, bacteria, nematodes and 
viruses as pathogens. There is a very 
interesting review on the presence of 
double-standard ribonucleic acids 
(dsRNA) in the rust fungi. The presence 
of dsRNA seems to be a normal feature 
of most rust fungi even though these 
fungi continue to be damaging patho¬ 
gens of crop plants. In the next few 
years the role of dsRNA in the patho- 
ginicity of rust fungi should become 
clear. Another article describes the mo¬ 
lecular biology approach that might help 
in improving our taxonomic understand¬ 
ing of Rhizoctonia. There is an excellent 
review on our status of knowledge re¬ 
garding the secretion of extracellular 
virulence factors by phytopathogenic 
bacteria. Another review worth reading 
is the one by Sijmons et al. highlighting 
the recent advances made in the areas of 
parasitic strategies and host cell re¬ 
sponses. Again, modern molecular biol¬ 
ogy techniques have helped and will 
further help in improving our under 


standing of the host-root nematode in¬ 
teractions. Modern molecular biology 
techniques have contributed in rapidly 
improving our understanding of plant 
viruses. There is an interesting review 
on the evolution of closteroviruses, 
which are known for having by far the 
largest positive-strand RNA genomes 
among RNA viruses of plants. Another 
excellent review covers the topic of 
plant viral RNA synthesis in cell-free 
systems. Though our knov'ledge of ini¬ 
tial stages of virus multiplication in 
plant hosts has increased substantially 
in the last two decades, it is far from 
being complete. Another review dis¬ 
cusses our recently gained knowledge of 
RNA-RNA recombinations and evolu¬ 
tion in virus-infected plants. Seed 
transmission of viruses concerns plant 
pathologists all over the v orld and this 
volume has an excellent review discuss¬ 
ing the work mainly done m the last 25 
years. Another review covers our 
knowledge of the role of plasmodesmata 
in viral transport in plants. Though an¬ 
nual reviews are normally edited very 
well, it is difficult to understand how 
the editors made the mistake of includ¬ 
ing the review on the molecular sys- 
temics and population biology of 
Rhizoctonia, a fungus, in the group of 
articles on bacteria. 

In the remaining groups of reviews, 
the readers will find ^ articles dealing 
with topics like (i) early events in the 
activation of plant defence response, (ii) 
social and political implications of man¬ 
aging plant diseases with decreased 
availability of fungicides in the USA 
and Europe, and (iii) the role of plant 
clinics in disease diagnosis and educa¬ 
tion in North America. 

The volume includes a thoroughly 
prepared subject index. The reviewer is 
once again convinced about the out¬ 
standing service that the volumes of the 
Annual Review of Phytopathology pro¬ 
vide to plant pathologists of the world, 

Y. L. Nene 

International Crops Research Institute 
for the Semi-Arid Tropics, 

Patancheru 502 325, India 


CURRENT SCIENCE, VOL. 69, NO. 2, 25 JULY 1995 


191 




PERSONAL NEWS 


Professor Willy Fowler (1911-1995) - An obituary 


William Alfred Fowler, Nobel Laureate 
(1983), passed away on 14 March 1995 
in Pasadena, California, the place where 
he had worked for about six decades. He 
was better known to all his friends as 
‘Willy’. 

Born on 9 August 1911 in Pittsburgh, 
Willy Fowler did his first degree at the 
Ohio State University and then in 1933 
went to the California Institute of Tech¬ 
nology as a graduate student of Charles 
Lauritsen at the newly established 
Kellogg Radiation Laboratory. With so 
much nuclear astrophysics that has 
come out of Kellogg, it is interesting to 
know that the lab had been established 
to study the physics of 1 MeV X-rays 
and their application to the treatment of 
cancer. As Willy recalled in his Nobel 
Lecture, the change of direction came 
right at the beginning with the discovery 
in 1932 by Walton and Cockroft that 
nuclei could be disintegrated by protons 
accelerated to energies below 1 MeV. 
This led Lauritsen to convert one of his 
X-ray tubes to a positive-ion accelerator 
and to initiate work in nuclear physics. 

The shift towards astrophysics took 
place in Willy’s postdoctoral career at 
Caltech, where, in fact, he remained 
throughout his life. His early work with 
his colleagues at Kellogg included the 
study of the proton-proton chain and 
the carbon-nitrogen cycle for making 
helium from fusion of hydrogen. Kel¬ 
logg provided data on the many experi¬ 
mental cross-sections for the inter¬ 
mediate reactions' in these processes. 
The fusion process from light to heavier 
nuclei, however, encounters a stumbling 
block beyond helium (atomic mass 4). 

There is a mass gap from 5 to 8 
showing a lack of stable nuclei in this 
mass range and this was the subject of 
Willy’s study for several years. In the 
end it became clear that because of this 
gap the grand scheme proposed by 
George Gamow of synthesizing all nu¬ 
clei in the early hot era of the big bang 
universe would not work. How then 
were heavier nuclei like carbon and 
oxygen, or iron, made? Astrophysicists 
building on the pioneering work of Ed¬ 
dington in the t920s and Bethe in the 
late 1930s expected the answer to come 
from stars. But here also, how was the 
mass gap to be bridged? 

The clue to this question came from a 
highly imaginative solution proposed by 


Fred Hoyle in 1953, which was to bring 
Hoyle and Fowler together in a very 
fruitful collaboration in nuclear astro¬ 
physics, a collaboration that lasted 
nearly 30 years. It was Hoyle’s conjec¬ 
ture that the element-building process 
would more naturally take place inside 
stars whose cores were known to be hot 
enough to sustain nuclear fusion reac¬ 
tions. And to bridge the mass gap after 
helium, Hoyle proposed that the process 
would jump over the unstable gap. 
Thus, three nuclei of helium (atomic 
mass 4) would fuse to make carbon 
(atomic mass 12) in a resonant reaction. 
Resonance would make the triple fusion 
go fast, to compensate for the rarity of 
three nuclei coming together. 



W'iliy used to recall how Fred walked 
into Kellogg with this idea which led to 
the verifiable result that there ought to 
exist an excited level of the carbon nu¬ 
cleus to which the three helium nuclei 
get converted. Look for it, he urged the 
nuclear physicists. After an initial scep¬ 
ticism, Ward Whaling and others at 
Kellogg got going and did indeed suc¬ 
ceed in confirming Hoyle’s conjecture. 
As the helium nucleus is called the 
alpha particle, this process came to be 
known as the triple alpha process. 

This episode led Willy firmly and ir¬ 
revocably into astrophysics, where 
plenty of challenges existed for nuclear 
physicists, especially in the area of 
stellar evolution. Eddington’s work had 
shown the way of constructing stellar 
models essentially for the main 


quence stars, whose energy is generated 
from the fusion of hydrogen to helium. 
What next? Hoyle’s triple alpha process 
had opened the way for the synthesis of 
even heavier nuclei. But information on 
the various reaction rates was lacking. 
Willy turned his attention to this problem. 

While Hoyle provided the theory on 
stellar structure, Fowler brought the 
nuclear physics inputs. Still lacking 
were the theoretical and observational 
details on how radiation interacts with 
matter as it escapes from the stars. The 
husband and wife team of Geoffrey and 
Margaret Burbidge provided this help in 
a fourfold collaboration that came to be 
known as the B'FH, which culminated 
in 1957 in a mammoth paper entitled 
“The synthesis of elements in stars’ in 
the Reviews of Modern Physics (29, p. 
547). This B'FH was to set the tone for 
all future work in stellar nucleosynthe¬ 
sis, for it covered the synthesis of dif¬ 
ferent nuclei in stars in all their 
different stages of evolution. 

From the late fifties to the mid-sixties 
the Hoyle-Fowler combination turned 
from stellar setting to the larger extraga- 
lactic one. Radio astronomy was begin¬ 
ning to provide glimpses of the highly 
energetic extragalactic world. Geoffrey 
Burbidge had been the first one to draw 
attention to the Inct that taken at face 
value the powerful radio sources de¬ 
manded huge energy reservoirs that far 
exceeded the dynamical energies of 
colliding galaxies. Some new source 
was needed. Would the stellar option, 
say, of a supermassive star work? 
f’owler and Hoyle considered the mod¬ 
els of such objects and came to the 
conclusion that these objects will have a 
far more dominating force to contend 
with, namely, the force of gravity. Un¬ 
der such a force these objects would 
tend to shrink faster and faster. In a 
paper in Nature in early 1963 (197, p. 
533) they conjectured such highly col¬ 
lapsed supermassive objects as likely 
sources of the observed energy. 

Parallelly, the observational front was 
also progressing and, thanks to a rare 
collaboration between the optical and 
radio astronomers in 1962-63, the first 
discovery of the quasistellar objects 
(QSOs) was made. Almost star-like in 
appearance the QSOs showed large red- 
shifts in their spectra and theoretical 
estimates led to the conclusion that 


se- 
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energy comparable to that of an entire 
galaxy might well be coming out of a 
source no greater than a light year 
across. Here then was the very example 
of the kind of objects conjectured by 
Hoyle and Fowler. 

This discovery opened up a new field in 
astrophysics, called relativistic astrophys¬ 
ics, which dealt with the astrophysical 
phenomena in strong gravitational fields, 
in situations where Newtonian gravity 
must be replaced by Einstein’s general 
theory of relativity. So great was the ex¬ 
citement amongst the astronomical com¬ 
munity that an international symposium 
was held in December 1963 in Dallas to 
discuss the implications of theories and 
observations in this emerging field. Both 
Hoyle and Fowler were the lead speakers 
in this meeting on the theoretical side. 
These meetings now continue to be held 
biennially under the title ‘Texas Sympo¬ 
sia’. Much of the present black hole band¬ 
wagon in astrophysics has its origin in the 
Hoyle-Fowler work of 1963. 

Another of Willy’s seminal contribu¬ 
tions came in the big bang cosmology 
when in 1967 he along with Fred Hoyle 
and Robert V. Wagoner carried out a 
revised and updated version of 


Gamow’s primordial nucleosynthesis. 
The Wagoner-Fowler-Hoyle paper in 
the Astrophysical Journal (148, p. 3) 
again turned out to be a trendsetter for 
future work in big bang nucleosynthesis. 
It is interesting to recall that this work 
was carried out in a shed in the Cam¬ 
bridge Observatories while Hoyle’s new 
institute building was under construc¬ 
tion. 

It was during the first six years of the 
Institute of Theoretical Astronomy at 
Cambridge that Willy was a frequent 
visitor during the summer months. He 
and Fred would sometimes take off to 
the Scottish Highlands for hiking, a 
practice that Willy continued till late in 
his life. 

For his work in nuclear astrophysics 
Willy Fowler shared the 1983 Nobel 
Prize with S. Chandrasekar. It was the 
second time that a Nobel award was 
given for theoretical astrophysics, the 
previous occasion being in 1967 when 
Hans Bethe was honoured for his work 
on stellar structure models with nuclear 
energy generation. The 1983 award, 
however, brought both surprise and 
disappointment at the omission of Fred 
Hoyle from the list. 


Willy was known for his thorough¬ 
ness in all the work he did, a fact which 
was belied by his informality and jolly 
demeanour. He would be the life and 
soul of a party discussing (over a mar¬ 
tini) either the world series, or the 
Scottish terrain, or one of his long train 
journeys (he was a train buff), or nu¬ 
clear cross-sections all with equal ease. 
Amongst his many honours, his Indian 
connection was with lUCAA as one of 
its Honorary Fellows, and several of us 
recall his jokes and anecdotes as he 
talked about his latest work in cosmol¬ 
ogy in March 1990. As a personality he 
will be greatly missed but his work will 
continue to guide the succeeding gen¬ 
erations of astrophysicists. 

Willy Fowler is survived by his wife 
Mary Dutcher Fowler and two daughters 
by his first wife Ardienne (deceased). 

Jayant Narlikar 


Inter-University Centre for Astronomy 
and Astrophysics, 

Post Bag 4, Ganeshkhind, 

Pune 411 007, India 
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Who should look at stars* 


AshokS. Ganguly 


In January 1994, I met Jayant Narlikar 
on a flight from Calcutta to Bombay. He 
then reminded me of an earlier occasion 
when (in a weak moment), I had agreed 
to deliver a Foundation Day lecture at 
his Institute in Pune. I tried to wriggle 
myself out of the commitment, firstly, 
by reminding Jayant that I would have 
nothing meaningful to say to what was 
likely to be a distinguished gathering of 
scholars, and secondly, because my 
daughters were discouraging me from 
being typecast as a Foundation Day 
fixture. Both attempts failed, as you will 
notice from my presence here today. 


*This was the subject of the Foundation Day 
Lecture delivered at Inter-University Centre 
for Astronomy and Astrophysics, Pune, In¬ 
dia, on 29 December 1994. 


Having made the commitment to 
speak, I spent many agonizing evenings 
trying to focus on a suitable topic. Fi¬ 
nally, I drew inspiration from my asso¬ 
ciation with Narlikar as a member of the 
Science Advisory Council to the Prime 
Minister (1986-89) and settled on a 
‘blue sky’ approach. More of that 
shortly. 

A few recent events spurred me to put 
down some initial thoughts on paper 
before I lost track of them. A very close 
friend and his wife were visiting us in 
London. While we were driving to 
Glyndebourne to attend a performance 
of the Opera, Don Giovani, I shared 
with them my dilemma about the Foun¬ 
dation Day lecture. My friend’s wife, a 
well-known physician from Bombay in 
her own right, asked me, ‘Why should a 


poor country like India, with its impov¬ 
erished millions, fund research to watch 
stars?’ For the best part of the two-hour 
car ride, we had a series of disagree¬ 
ments on the subject. These disagree¬ 
ments ranged from the concept of 
curiosity, through the nature of the In¬ 
dian mind and the need to be part of the 
international community in leading- 
edge science, to the origins of the uni¬ 
verse and life on Earth. I could not 
convince her that curiosity-driven ex¬ 
ploration was at the heart of human 
civilization, starving or otherwise. Fi¬ 
nally, the arguments ended inconclu¬ 
sively when I raised a rhetorical 
question, ‘What was the level of poverty 
and deprivation in Italy in the days of 
Galileo Galilei?’, I asked, feeling that 
would end the debate amicably. Neither 
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of US knew for sure, but she promptly 
shot back that it really did not matter, 
since Galileo’s star gazing was not 
funded by the State. 

Galileo - the star gazer 

Her reply had me stumped, until just a 
few days later when I came across a 
review by A. C. Grayling of GALILEO: 
A LIFE, a new book by James Reston 
Jr. If any one man acted as a doorman to 
the modern world, Galileo Galilei has 
an excellent claim to the title. The pub¬ 
lication of his latest biography is timely 
because Reston has hooked his tale 
firmly to events in the contemporary 
world: the flight of the spacecraft Gali¬ 
leo to Jupiter, still taking place as I 
speak to you, and the decision of the 
Vatican in 1992 to acknowledge its fault 
in ill-treating Galileo three-and-a half 
centuries ago by dragging him before 
the Inquisition, humiliating and impri¬ 
soning him. 

Indeed, Galileo’s story is a micro¬ 
cosm of the epic struggle between sci¬ 
ence, religion and society. Galileo was 
inquisitive, inventive and mathemati¬ 
cally adept. He was fascinated by the 
view above him in the clear Italian night 
sky. He perfected the telescope, and 
terrified the Church by revealing more 
stars than had been guessed before, 
hitherto unseen satellites orbiting other 
planets, valleys and mountains on the 
surface of the moon. 

Because Christian scriptures taught 
that the Earth sits immovably in the 
centre of the Universe, whose celestial 
spheres are driven around by angels, the 
Church could not tolerate this new cos¬ 
mology. 

By threats and intimidation, Pope Ur¬ 
ban VIII forced Galileo to recant his 
espousal of the Copernican system. That 
the Church should come to its own re¬ 
cantation in 1992 speaks volumes for 
the conflict between faith and reason. 
Therefore, I cannot consider my friend’s 
wife’s question of whether astronomy 
research is really needed in a poor 
country like India unusual. 

Galileo not only made discoveries of 
prime importance in astronomy and 
physics - especially in the laws of mo¬ 
tion, thus breaking the stranglehold of 
Aristotelian ideas-he was also an in¬ 
ventive genius. He devised, amongst 
other things, pendulums for clocks, 
ways of improving telescopes and in¬ 
struments for measuring pulse rates and 


temperatures. Despite disgrace by the 
Inquisition, his telescopic discoveries 
made him a star all over Europe. 

While I have not been able to locate 
evidence of State support for his ex¬ 
perimental pursuits. I am reliably in¬ 
formed that there were many poor 
people in Italy at the time Galileo gazed 
at the stars. 

From star-gazing Galileo 
to the man behind the comet, 
Edmund Halley 

Soon after the book on Galileo, I came 
across an excellent piece by Allan 
Chapman of Wadham College, Oxford, 
on a remarkable man. 

Chapman avers that scientific re¬ 
search has always been expensive, but 
in the past, the real cost was not so 
much the hardware, as paying for the 
scientists’ time. This is why so many 
discoveries between the 17th and the 
19th centuries have been made by cler¬ 
gymen, semi-retired professionals and 
businessmen, and people of private 
means — individuals who were in com¬ 
mand of their own time. But while the 
cash was not entirely certain, if one had 
the ability to wear many hats and culti¬ 
vate friends across the whole spectrum 
of potential influence, then one might 
enjoy a career similar to that of Edmund 
Halley (1656-1742). This immediately 
brought to my mind some eminent Indi¬ 
ans who fit parts of this description, like 
Ramanujam, C. V. Raman and Homi 
Bhabha, to name just three. 

Edmund Halley’s work was funded 
by, to begin with, family money. When 
that ran out, he worked as a clerk at the 
Royal Society, then took a job with the 
Royal mint, and later joined the Royal 
Navy. At the age of 48, he became a 
professor at Oxford and at 64 the As¬ 
tronomer Royal. Edmund Halley was 
clearly capable of living with uncer¬ 
tainty. 

Though primarily an astronomer, 
what is most impressive about Halley’s 
approach to science is his awareness of 
how the great ‘systems’ of nature are 
interconnected. Geomagnetism was such 
a system. Halley published major papers 
in 1683 and 1692 in which he collected 
and analysed a growing body of data on 
the subject. He created the geomagnetic 
chart and then in 1716 he was the first 
to recognize the interconnection be¬ 
tween the Earth’s magnetic field and the 
aurora borealis. 


Halley was a man of vast interests, 
ranging from pure science to a whole 
series of practical applications in marine 
engineering. 

I imagine in modern parlance one 
would find comparable traits in the 
venture entrepreneurship of many fa¬ 
mous American academics and Nobel 
Laureates. But where are the young 
Bhabhas and Ramans, I wonder. 

Fred Hoyle - the astrobiologist 

No address in an institute headed by 
Jayant Narlikar would be complete 
without reference to his Guru, Fred 
Hoyle, the astrobiologist. 

Being somewhat of an amateur bio¬ 
logist myself, Hoyle’s ‘origin of life’ 
hypothesis intrigues me. In his autobio¬ 
graphy, Home Is Where The Wind 
Blows, Hoyle is sanguine about the 
chances of acceptance of his idea that 
life began in the vast expanses of space. 
‘Finding glycine is about 5% of the way 
to proving the idea’, says Hoyle, ‘It’s 
the right way, but it’s only 5%’. 

The glycine discovery certainly bol¬ 
sters Hoyle’s thesis that the first organic 
matter rained down on Earth from 
space. According to Hoyle, it was such a 
comet which struck Earth about four 
billion years ago, depositing its cargo of 
primitive cells - the forerunners of all 
life today. 

It is a rather controversial view, al¬ 
though the idea that organic material - 
the ‘feedstock of life’ — came from 
space is gaining wider acceptance. One 
is, however, faced with the moral and 
philosophical dilemma about the true 
origin of the living form. Hoyle ac¬ 
knowledges that the riddle will not be 
solved in his lifetime. However, he has 
been proved right before. In 1940 he 
had suggested that molecular hydrogen 
was widespread in space and was 
greeted with wide disbelief He subse¬ 
quently published his views in a science 
fiction book. The Black Cloud. Since 
the publication of the book, more than 
100 molecules have been detected in 
space, including molecular hydrogen, 
which is now known to be the most 
abundant molecule in the Universe. 

Marcus Chown {New Scientist, 10 
September 1994) writes, ‘Hoyle be¬ 
lieves that, if a problem has an orthodox 
solution, the scientific community 
would already have found it, so he looks 
for the unorthodox solution’. 
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This unorthodox approach has proved 
Hoyle right on a number of predictions 
and wrong in just as many, such as the 
making of the sun or the explanation of 
binary stars. 

But as the saying goes, ‘If you have 
not made mistakes, you have really not 
tried’. I hope the adage applies to this 
Institute also. 

I was pleased to learn that since 1988 
Hoyle has developed the ‘quasi-steady- 
state theory’ jointly with Burbridge and 
Jay ant Narlikar. The three of them be¬ 
lieve that the creation tap opened in one 
part of the Universe 15 billion years 
ago, unleashing a flood of matter and 
causing the expansion of galaxies we 
observe all about us. Who knows they 
may be right! 

Finally, I feel much comforted by 
Hoyle’s view that ‘a little bit of god 
operates in all of us. We are his observ¬ 
ing instruments. He observes the Uni¬ 
verse through us\ No matter where you 
are, whether in Cambridge or California 
or Pune, it all happened together. 

Has science lost its way? 

While I was warming up to the theme of 
science for curiosity’s sake, I was 
crestfallen to read Bernard Levin’s es¬ 
say titled ‘Has science lost its way?’ 
(Even if I were to ignore Levin’s levity, 
in the UK, observations on science such 
as his fall under the classification of' 
‘Have you beaten your wife today?’.) 
Like it or not, some of this reflects 
contemporary lay thinking. 

Bernard Levin’s motto seems to be 
‘Beware of scientists claiming break¬ 
throughs’. He then goes on to observe 
that ‘If the boffins do have a fault, it is 
their conviction that any amount of 
money required for their work should be 
immediately provided’. In this essay. 
Levin chose the quarks as his centre¬ 
piece to criticize the nature of scientific 
enquiry and quotes a neat example of 
his odd but touching belief from a re¬ 
cent breakthrough in science. The last 
quark had been spotted (or rather not 
spotted. The thing is invisible). Arie 
Bodek from Chicago said that his dis¬ 
covery had saved scientists from an 
intellectual crisis ‘since failure to dis¬ 
cover the top quark would have shat¬ 
tered decades of research worth billions 
of pounds’. Levin asks, if the quark 
cannot even be seen, ‘What is in it for 
us?’. The moot question is, what can 
discovery of quarks do for the common 


man? To Levin’s queries, the only re¬ 
sponse he was able to elicit is that there 
are six quarks named Up, Down, 
Charm, Strange, Top and Bottom, 
and that 493 scientists were enlisted to 
find the last quark, going about the 
search ‘smashing protons and antipro¬ 
tons in a four-mile circular accelerator’ 
and on top of that ‘the two particles 
annihilate each other as they collide’. 

Bernard Levin then moves on to com¬ 
pound his confusion by relating the 
discovery of a new planet 7000 trillion 
miles away. Hitherto ‘in every case, the 
putative planets had either proved 
impossible to confirm, turned out to 
be something else, or shown to be a 
product of error’. Now, however, 
Wolszczan’s team ‘has bolstered its 
original findings with three more years 
of even more finely nuanced data de¬ 
signed to eliminate any explanation 
other than planets’. And this statement 
is backed by Kulkarni, a pulsar expert at 
the California Institute of Technology, 
who says, ‘It should convince even die¬ 
hard sceptics that planets exist outside 
the solar system’. 

Amongst other things. Levin con¬ 
cludes by noting that, whereas the 
common man may not very much be¬ 
grudge the scientists the millions and 
millions of pounds needed to peep be¬ 
yond the solar system ‘where God re¬ 
sides!’ while millions and millions may 
starve and suffer from malnourishment 
around the world, surely the tax-payers 
have a right to understand better where 
all these discoveries are leading. 

Well, there we go! In quick succes¬ 
sion, the wife of one of my best friends 
from India and the well-known colum¬ 
nist Bernard Levin, two persons from 
two totally different societies, asking 
very similar questions. Then interesting 
events started happening in July. 

Shoemaker Levy 9 

My interest perked up on reading the 
news that the comet Shoemaker Levy 9 
was moving as a funeral procession of 
21 fragments of ice and rock after its 
break up two years ago. Their eventual 
collision with Jupiter was being de¬ 
scribed by astronomers as a ‘once in a 
millennium opportunity’. The subse¬ 
quent pictures and descriptions of the 
collision were widely reported around 
the world by the media. I am told that it 
will take years before the explanation of 
the events leading to this collision are 


well understood. But the pictures and 
descriptions of the events started mak¬ 
ing sense to the common man as to why 
we stare at the night sky. This has been 
further encouraged by the fact that, un¬ 
like the Shoemaker couple who are 
professional astronomers. Levy is an 
amateur. 

Suddenly Big Bang is back on the 
agenda and the question on every one’s 
lips is, ‘If it could happen to Jupiter, 
can it not happen to Earth?’. 

Comets are celestial bodies, believed 
to be the relics of the birth of the solar 
system. A thousand or so of them have 
had their orbits well plotted. But for 
every comet which is confirmed to exist, 
there are thought to be at least ten oth¬ 
ers that have eluded detection. And bil¬ 
lions more may reside in a halo beyond 
Pluto. Comets have collided with Earth 
before, and scientists insist that more 
collisions are probable, making it vital 
to overcome complacency about the 
threat to Earth from cosmic debris. 

If a comet, streaming along at 50,000 
miles per hour, were to crash into Earth 
in the wrong place at the wrong time - 
London, Bombay or New York at rush 
hour - it could cause a disaster of mon¬ 
strous proportions. These thoughts were 
expressed in the editorials of the serious 
London Times. There is a school of se¬ 
rious astronomers, aptly known as 
‘catastrophists’, which is convinced that 
within the celestial procession of comets 
lie the seeds of Armageddon. They at¬ 
tribute the death of the dinosaurs, 65 
million years ago, to a comet which 
ploughed into the planet triggering ei¬ 
ther a nuclear-style winter or uncontrol¬ 
lable fires. The serious question is: If 
the comet could wipe out the mighty 
Tyrannosaurus rex., what chance do 
puny Homo sapiens have? 

Thus, contemplating the impact of the 
21 fragments of Shoemaker Levy 9 on 
collision with Jupiter in our lifetime has 
raised modern astronomy from the pre¬ 
occupation of the specialists to a con¬ 
cern for all living and thinking 
mankind, starving or not. 

Such an extraordinary astral event 
then starts stretching the mind and 
arouses the interest of the layman in 
astronomy, as indeed it did mine. I then 
began to think that although man has 
the technology needed to detect and 
track threatening celestial objects, there 
is yet no global chain of telescopes. 
And research has still to be aimed at 
defending the Earth from ‘asteroid at¬ 
tack’, including the possible redeploy- 
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ment of nuclear warheads to shatter 
incoming projectiles and the use of pro¬ 
pulsion units to divert or steer them away. 
None of these, however, will protect us 
from every conceivable threat, nor can 
they whet our awe at the immensity of 
space. The ‘black that remains beyond our 
blue’ seems destined to remain a mystery 
to all but our telescopes. 

The social relevance 

No matter how awestruck I am, I cannot 
avoid relating all of this to develop¬ 
ments in India. I hope I have provided a 
reasonable, layman’s support to the 
need for the pursuit of the planets even 
in Pune. The statistical probability is 
that, next to China, India should have 
the largest number of curious people. 
This does not necessarily mean that we 
should have the second largest popula¬ 
tion of astronomers peeping through a 
chain of telescopes across the Indian 
subcontinent. However, in astronomy 
we have a history of interest as recorded 
in the Puranas, through the Middle 
Ages, and now this world-class centre in 
Pune. There is, thus, a tradition in 
mathematics and physics which links the 
ancient with the leading edge in India. 

This, unfortunately, is not the case in 
most other areas of modern science and 
technology. Although we talk of mod¬ 
ernizing and globalizing India, in lay 
terms what we really mean is a growth 
in production and consumption in our 
lifetime rather than a change in the fun¬ 
damentals of looking and doing for a 
better fiiture. I am, therefore, proud that 
India is considered to be a world player in 
astronomy and astrophysics, if not in any 
other sphere of science and technology. 

Following our independence after 
over a thousand years of enslavement, 
Nehru, Bhabha, Bhatnagar, Meghnad 
Saha and many others inspired my gen¬ 
eration to believe that science and tech¬ 
nology held the key to traverse the path 
from backwardness to modernity and 
provide social justice for all. History 
will record that for the first three dec¬ 
ades this promise at least seemed to 
begin to materialize. The role of science 
and technology in India achieving self- 
reliance was indeed significant. India 
thus achieved a critical mass as a de¬ 
mocracy with a viable economy, al¬ 
though the problems of social inequity 
remained. 

At a time when we are ready to inte¬ 
grate India’s economic developments 
with the rest of the world, the same sci¬ 


ence and technology institutions which 
helped in achieving self-reliance may now 
turn out to be the major source of com¬ 
petitive disadvantage. Any attempt to re¬ 
vive them may be futile, as many of them 
may have outlived their utility. What is 
necessary is to take drastic steps to restruc¬ 
ture and modernize the old and, in addi¬ 
tion, create new institutions for the future. 

Who should be concerned about this 
vital problem? The Government, Indian 
Industry, the non-Government Organi¬ 
zation (NGOs), the media, the intellec¬ 
tuals, or whoever? Since 1990 even the 
interest and vibrancy in the science and 
technology community that one felt and 
saw in the 1980s seems to have danger¬ 
ously waned. Unusual and dangerous 
priorities have overtaken the nation, 
such as disputes regarding places of 
worship, the revival of the caste con¬ 
flict, the drive for instant gratification 
and enrichment, multinational baiting, 
the ‘back to primitive roots movement’, 
etc. There is not even lip service paid to 
the social and economic imperative to 
modernize our institutes of higher edu¬ 
cation and those institutions dedicated 
to advanced research in different areas 
of S&T. Every country other than India 
seems to be deeply engaged in address¬ 
ing these vital issues. China is set to 
revamp its total research base, from one 
which had remained isolated and totally 
dependent on the State, towards one 
which is more autonomous, modern and 
globally relevant. There is a similar 
reassessment of the science base in the 
USA and Japan. In the UK, the 1993 
White Paper on the need to choose areas 
of science in which to lead and its rele¬ 
vance to that country’s global competi¬ 
tiveness was articulated. The key was 
that not every country could afford to be 
outstanding in every discipline of sci¬ 
ence. What a nation needs is a solid 
foundation in basic and higher educa¬ 
tion and then the ability to choose areas 
of science to excel in, by the combined 
efforts of the Government, Academia 
and the Industry. 

As an Indian it frightens me today 
that, as we enter the most complex and 
competitive period in human history, we 
in India seem to adopt a policy of be¬ 
nign neglect of higher education and 
leading-edge S&T. Probably, the only 
other tragedy that this policy can be com¬ 
pared with is the disarray in the once pow¬ 
erful S&T culture of the former Soviet 
Union with its devastating consequences. 

India does not have a choice. All of 
us must raise our voices against this 


benign neglect, in which lie the seeds of 
economic impoverishment and social 
disarray. Just talking about liberaliza¬ 
tion, economic development and pov¬ 
erty alleviation will not do. There are 
limits to foreign investment and export 
growth. Without overhauling our S&T 
base India faces a finite economic hori¬ 
zon. 

I, therefore, disagree with my friend’s 
wife and with people like Bernard 
Levin. Just because we are unable to 
comprehend science-speak or because 
many mediocre practitioners may have 
given science a poor image, it does not 
mean that there are better alternatives to 
achieving excellence in science. For 
there are none. More people will die of 
starvation and malnourishment without 
scientific advances and more nations 
will face decline and catastrophe with¬ 
out the pursuit of scientific knowledge. 

I am, therefore, thrilled that Narlikar 
and his dedicated colleagues have built 
this world-class facility in Pune. Could 
this be the faint glimmer of light at the 
end of the tunnel? We need a few more 
of these, and soon. I am encouraged by 
developments in massive parallel com¬ 
puting, also in Pune, advances in com¬ 
plex materials in the Institute of Science 
in Bangalore, the modernization of NCL 
and a few other such developments. 
They cost very little money. What they 
need is a few great minds. As an Indian, 

I am grateful that we have a fair number 
of excellent minds. Let us create the 
environment in which they can flourish 
to prepare India for the next century. 

Jayant and I had the privilege of be¬ 
ing members of Rajiv Gandhi’s Science 
Advisory Council. In every meeting we 
had with him, we enjoyed inspirational 
debates on the choice of blue-sky pri¬ 
orities. True, even then, everyone was 
aware of India’s day-to-day problems, 
but it was not a question of either/or. 
Such debates have now waned. I hope 
Narlikar and his dedicated group will 
help revive the debates, even beyond 
blue skies. I sometimes wonder, if only 
we could divert a fraction of the energy 
of our people away from breaking down 
places of worship or participating in 
caste riots, towards the pursuit of sci¬ 
entific enquiry, could we transform our 
nation and start realizing our potential? 

I am now pleased about the brief en¬ 
counter Jayant and I had in January 
1994. 


Ashok S. Ganguly works in the Research & 
Engineering Division, Unilever PLC, 
London, UK. 
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Scientific tradition and other traditions* 


B. M. Udgaonkar 


In the ‘Project of History of Indian 
Science, Philosophy and Culture’ 
(PHISPC), our concern has to be with 
the trio science-philosophy-culture, in 
interaction with one another. This is 
where the uniqueness of this project 
would lie. Unidimensional discussions 
of any one of the trio should have no 
place in the volumes that result, except 
where they raise important questions at 
the interface(s). And in that case, ex> 
perts in two (or three) dimensions 
should have sessions together to 
sharpen the questions and, to the extent 
possible, arrive at (even tentative) an¬ 
swers to these. This has already been 
emphasized by Chattopadhyaya^ How¬ 
ever, it bears repetition in view of the 
contents and presentation in some of the 
‘Occasional Papers’ that have been 
brought out so far. 

Indian civilization is about 4500- 
5000 years old (including the Indus 
Valley Civilization period; .8000 years 
old if one includes the pre-Harappan 
findings in Baluchistan). During this 
period, India has made many important 
contributions to science, technology, 
philosophy and culture. How did the 
developments in each of these areas 
influence one another? During this long 
period, what was the place of science in 
philosophy and in the civilization at 
large, at different epochs? 

What role do the dominant scientific 
concepts play in the differential devel¬ 
opment of philosophy in different cul¬ 
tures? For example, SeaP observes that 
‘Hindu philosophy on its empirical side 
was dominated by concepts derived 
from physiology and philology, just as 
Greek philosophy was similarly domi¬ 
nated by geometrical concepts and 
methods’, and adds that ‘Comparative 
philosophy, then, in its criticism and 
estimate of the Hindu thought, must 
take note of the empirical basis on 
which the speculative superstructure 
was based’. This assertion would 


*This article was originally prepared for the 
Project of History of Indian Science Phi¬ 
losophy and Culture of the Indian Council of 
Philosophical Research and was brought out 
as Occasional Paper 24 of the Project. 


merit a detailed discussion. Is the asser¬ 
tion true? Or is it an oversimplification 
with regard to both Hindu Philosophy 
and Greek Philosophy? 

Established science at a given time 
-influences philosophy and vice versa, 
though radically new developments do 
so usually with some time lag. How 
does one see these influences at work, 
in general in the Indian context? What 
were the positive and negative influ¬ 
ences at different epochs? Chronology 
becomes important in this context. 
There are, however, serious chronologi¬ 
cal uncertainties in Indian history. 

In the case of science, one tends to 
compare the Indian situation with the 
developments in Europe over the last 
few hundred years, is overawed, and it 
is not uncommon to hear loaded coun- 
terfactual questions like ‘Why did India 
have no science? Is it because of its 
tradition?’. In asking such questions, 
the foreigner and, following him, many 
Indians, forget that science based on 
observation and empirical methods is to 
be found in the practice of the ancients 
in India, and that science is as much a 
part of our heritage as the greatly ex¬ 
tolled mystical tradition'^“\ One has 
legitimately to take a longer time scale 
for any comparison, and counter the 
ethnocentric prejudices with facts. 

The time scale of several thousand 
years also means that concepts may have 
changed with time. This has to be con¬ 
stantly kept in view. For the impact of 
any given concept, e.g. Maya, one has 
to ask the meaning attached to it during 
different epochs. 

Indian contributions to science and 
technology from the earliest times have 
begun to be documented^"^, though 
there is no comprehensive work yet 
comparable to that of Needham and 
coworkers on China. It is, however, by 
now recognized that India’s contribu¬ 
tions to science and technology over the 
centuries are quite significant. This is, 
however, not the subject of our discus¬ 
sion. Rather, we will try to survey the 
reasons which have often been adduced 
as to why, in spite of a strong early base 
in science and technology, India failed 
to build on it during the last 500 years. 
Why did this happen? 


Why did India lag behind in 
recent centuries? 

The question often raised is: If Indians 
had the questioning attitude and the 
tradition of experimental and mathe¬ 
matical investigations at one time, and if 
they made significant contributions to 
developments in science and techno¬ 
logy, especially up to about 1200 ad, 
and maintained their superiority in cer¬ 
tain technologies, e.g. textiles, metal¬ 
lurgy, architecture, ship building, etc., 
right up to the 17th or 18th century^’~^ 
why did they fail to build further on this 
base? Why was it left to Europe to develop 
modern science? Were there some factors 
in our traditions which came in the way? 

In history, such questions as to why 
something did not happen are difficult 
to answer. They are even treated as 
nonquestions by some historians. There 
are several questions of this kind that 
one could ask about Europe: e.g. why is 
it that none of the religions of today 
started in Europe? Why did they all start 
in Asia? Why did the early wave of sci¬ 
ence and philosophy in Europe not start 
in mainland Europe? Why did it start in 
an insignificant southeastern corner of 
Europe and in adjoining Asia (called 
Asia minor)"! Why did the Europeans 
not discover zero? And why was .lapan 
relatively late in joining the march of 
civilizations? And so on. One has no 
simple and straightforward answers to 
such questions. 

China and the Arab world were also 
unable to build on the early head-start. 
Maybe different sociopolitical and his¬ 
torical circumstances were responsible 
in each case. These need to be studied 
in an unprejudiced manner, using such 
meagre data as are available and recon¬ 
structing where there are gaps (and 
there are many gaps), with a more open 
mind than has been customary. Many 
times hypotheses were made by Western 
scholars in the colonial period, and 
these have been echoed by Indian schol¬ 
ars even in the post-Independence era. 
A kind of colonial thinking has tended 
to persist, even if unconsciously, and so 
these hypotheses have to be looked at 
afresh. 
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While listing some of the ideological 
or attitudinal factors which have been 
held responsible for India’s inability to 
build on its early base, and making 
some comments on them, we would like 
to emphasize at the start that they do not 
strike us as having the status of any¬ 
thing more than speculations or preju- 
^ dices, given the importance of the 
question being discussed. Much more 
detailed work is needed before any of 
the prevalent myths in this domain 
could attain the status of causal rela¬ 
tionships vis-a-vis development of sci¬ 
ence in India. Wherever any of the 
factors have their counterparts in other 
civilizations, especially the European 
civilization, a comparative study would 
be called for. 

It is to be hoped that the relevant 
sections on philosophy and culture in 
the volumes that will come out of 
PHISPC will deal with these questions 
in depth. 

The supposed other-worldliness 
of Indian culture 

It is alleged that early Indian culture 
was other-worldly, that it perceived the 
world as Maya or illusion, and that the 
conceptual world-worthlessness led to a 
lack of interest among Indians in any 
worldly pursuits. Indians, it is said, 
were only interested in the liberation of 
the soul as a goal, and not in studying 
the external world. 

It may be argued that a distortion of 
the concept of Maya is involved in 
such an argument. Even if this is so, it 
would be useful to know the extent to 
which the distorted/corrupted interpre¬ 
tation of Maya affected a young intel¬ 
lectual’s choice of a field of study 
during different epochs of our long 
history. Were the brightest enquiring 
minds turned away from the study of 
worldly phenomena? 

Related to the interest in other¬ 
worldly entities was the distinction 
made between what was called para 
vidya and apard vidya, the higher kind 
of knowledge and the lower kind of 
knowledge, and the influence such dis¬ 
tinction would have had on the percep¬ 
tion of what was really worth studying 
and worth respecting. 

In the Mundaka Upanisad, we find 
the question put by an earnest student to 
a great teacher: 'What is that reality by 
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knowing which we can know all that 
there is in this manifested universe?’. 
The teacher replies: 'Two are the vidyas 
or sciences to be acquired by man, so 
say the knowers of Brahman. One is 
called para vidyd^ higher science or 
knowledge’, the other is called apard 
vidyd, ordinary science or knowledge’^. 
The knowledge/search for the knowl¬ 
edge of the soul was considered the 
higher knowledge. Since what was con¬ 
sidered really worth knowing was to be 
approached by turning the light inwards, 
this may have come in the way of the 
study of the external world. The best 
minds may have turned towards the 
exploration of the inner world - toward 
spiritualism and mysticism - which was 
placed on a higher pedestal in the name 
of pard vidyd. 

Then there was 'a powerful cur¬ 
rent’in Indian culture that ‘the truths 
of the physical and supra-physical re¬ 
alities can be grasped, known and pos¬ 
sessed by us through faculties which lie 
above the ranges of physical senses and 
rational intelligence’*^ and that the 
knowledge obtained by development of 
those higher faculties, by yogic means, 
through meditation and intuition, is 
superior to that obtained by one’s 
senses and reason**. The gods have 
sometimes been described as pratyaksa- 
dvisah, i.e. as hating something that is 
acquired by the senses. How powerful 
was this current in space and time? 

It has also been stated that the fact 
that renunciation was an accepted and 
respectable way of life fed these trends 
and came in the way of development of 
science and technology. 

The Karma ideology has also been 
adduced as a cause-the idea of previ¬ 
ous births and their consequences in the 
current life, and the resultant fatalism. 

The influence of the Bhakti-Marga, 
which spread in the country through the 
emergence of a series of saint-poets 
after the eighth century in different 
emergent languages and their composi¬ 
tions, which became very popular, has 
also been mentioned. 

While Indian culture has had such 
negative tendencies, it is not clear how 
widespread was their effect in space and 
time, in a large country and a stratified 
society whose intellectual history 
spanned three to four thousand years - 
especially as India has many important 
scientific discoveries to its credit over 
the centuries. This is a matter that needs 


to be looked into carefully frorh the 
point of view of possible impact on the 
development of science. Vivekananda, 
one of the greatest of the modern expo¬ 
nents of Yoga and the Vedanta, has, for 
example, laid repeated stress on the 
experimental character of Yoga and on 
basing it on reason*.^. 

Referring to the flourishing trade 
between India and Rome during the 
period 200 BC to 300 ad, Thapar*^ men¬ 
tions Pliny’s complaint that the Indian 
trade was a serious drain on the national 
income of Rome. The Frenchman Bern¬ 
ier, who travelled in India more than 
1500 years later (1656-1668), says: ‘It 
should not escape notice that gold and 
silver, after circulating in any other 
quarter of the globe, came at last to be 
absorbed in Hindustan’*"*. These are not 
observations supporting the other¬ 
worldliness of Indians over the centu¬ 
ries. 

It is interesting to see what Vivek¬ 
ananda has to say about Mdyd, espe¬ 
cially in relation to scientific pursuits. 
Vivekananda refers to Mdyd diS ‘one of 
the pillars upon which the Vedanta 
rests’*’\ He, however, warns us that the 
word Mdyd is used incorrectly to de¬ 
note ‘illusion or delusion or some such 
thing’. Having said this, he proceeds to 
give a number of examples to illustrate 
what Mdyd is, a couple of which are 
quite intriguing: 

‘A man of science rises, he is thirsting after 
knowledge. No sacrifice is too great, no 
struggle too hopeless for him. He moves 
onward discovering secret after secret of 
nature, . . . and what for? . . . Why should we 
give him glory? Why should he acquire 
fame? Does not nature do infinitely more 
than any human being can do? . . . Nature 
can hurl a thunderbolt of any magnitude to 
any distance. If a man can do one small part 
as much, we praise him and send him to the 
skies. Why? Why should we praise him for 
imitating nature, imitating death, imitating 
dullness, imitating insentience? . . . Yet we 
are all struggling after that. And this is 
Muyu"^^. ‘ ... so with our intellect. In our 
desire to solve the mysteries of the universe, 
we cannot stop our questioning, we feel we 
must know and cannot believe that no 
knowledge is to be gained. A few steps, and 
there arises the wall of beginningless and 
endless time which we cannot surmount. A 
few steps, and there appears a wall of 
boundless space which cannot be sur¬ 
mounted, and the whole is irrevocably bound 
in by the walls of cause and effect. We can¬ 
not go beyond them. Yet we struggle and 
still have to struggle. And this is Mdyd"^\ 
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‘ Is there no hope then?’ He continues, 
‘True it is that we are all slaves of Maya, 
and live in Maya . Is there no way out? No 
hope? ... on the other side, therefore, is the 
bold assertion that this is all nonsense, that 
this is Maya . . . 

At another place, Vivekananda says, 

‘ . . . the minds of the people from whom the 
Vedas came were intent upon following 
principles, discovering principles. They had 
no time to work upon details or to wait for 
them, they wanted to go deep into the heart 
of things. Something beyond was calling 
them, as it were, and they could not wait. 
Scattered through the Upanisads^ we find 
that the details of subjects which we now 
call modern sciences are often very errone¬ 
ous, but at the same time their principles are 
correct. . . 

We have chosen to quote at length from 
Vivekananda since he represents in a 
sense a link between ancient tradition 
(rather, the Advaita tradition) and mod¬ 
ernity, and an important figure in the 
Indian renaissance towards the end of 
the last century. Is he also undervaluing 
the importance of scientific pursuits as 
we understand them? Do such views 
reflect the thinking about science in one 
important school of thought over the 
centuries? If so, could they have been 
partly responsible for nondevelopment 
of modern science in India? In science, 
what the Swamiji called ‘details’ are as 
important as ‘'principles’; ‘details’ are, 
in fact, an important path to ‘principles’ 
and have often led to the overthrow of 
earlier ‘principles’. What does one mean 
by saying that details were erroneous 
while principles were correct? In sci¬ 
ence, no general principle is frozen as 
unassailable knowledge for all time. The 
strength of the scientific method is pre¬ 
cisely in the openness to new principles 
in the light of new ‘details’ as they un¬ 
fold themselves. 

Thapar^° has noted that ‘Indians in 
the pre-eighteenth century never 
claimed that they were more spiritual 
than other people, or that the Indian 
way of life was concerned solely with 
things spiritual. The ideal of the earlier 
texts that the best life on earth is a bal¬ 
ance between dharma, artha and kama 
shows a healthy unconcern for any ob¬ 
session with either the spiritual or the 
material’^®. 

Works like the Kautiliya Artha- 
sUstra show the detailed interest taken 
by ancient Indian scholars in worldly 


matters of government (which was not 
dominated by priesthood) in all its as¬ 
pects. 

Nehru has remarked: ‘Probably the 
Semitic culture, as exemplified in many 
religions that emerged from it, and cer¬ 
tainly Christianity, was far more other¬ 
worldly’. ‘Indian culture taken as a 
whole’, he adds, ‘never emphasized the 
negation of life, though some of its 
philosophies did so; it seems to have 
done so much less than Christianity’^'. 
Nehru points out that ‘in India, we find 
during every period when her civiliza¬ 
tion bloomed, an intense Joy of life and 
nature, a pleasure in the act of living, 
the development of art and music and 
literature and song and dancing and 
painting and the theatre, and even a 
highly sophisticated inquiry into the sex 
relation. It is inconceivable that a cul¬ 
ture or view of life based on other¬ 
worldliness or world-worthlessness 
could have produced all these manifes¬ 
tations of vigorous and varied life. In¬ 
deed, it should be obvious that any 
culture that was basically other-worldly 
could not have carried on for thousands 
of years. The confusion seems to have 
arisen from the fact that Indian thought 
was always laying stress on the ultimate 
purpose of life. It could never forget the 
transcendental element in its make¬ 
up .. . It taught detachment in life and 
action, not abstention from them’^'. 

Thapar^^ has discussed the origin of 
the stereotype. ‘The theory of the in¬ 
stinctive unconcern of Indians for 
worldly things is found particularly 
useful in minimizing such obvious fac¬ 
tors as colonialism in economic under¬ 
development. The explanation of Indian 
economic backwardness does not lie in 
simplistic generalizations on Hindu 
culture but demands a detailed investi¬ 
gation into the nature of pre-colonial 
and colonial society in India’^^. 

Alvarez^^ has observed: ‘There is still 
no evidence to date that one line of 
thought was so dominant that it had 
become “orthodox”: there was no single 
established view that set itself up 
against and above a number of other 
supposed heresies. The hypothesis that 
Hindu philosophy (wrongly identified 
wholly with the idealistic school) 
proved disastrous for India’s technical 
capacity or economic activity should be 
relegated to the garbage heap; so too, 
the fashionable clichd that India spent 
too much of its energy in the pursuit of 
metaphysical speculations . . . .’ 


Suppression of the scientific 
spirit for political reasons 

Chattopadhyaya^"^ has argued that there 
was a systematic suppression of mate¬ 
rialists — e.g. the Carvaks - and of ma¬ 
terialistic ideologies in ancient India. 
He has written extensively on this 
theme, and he, and before him Fillozat, 
has made a case study of medicine in 
ancient India. 

Chattopadhyaya points out that al¬ 
ready in the ancient period, some 2500 
years ago, Indian medicine had taken 
the momentous leap from magi co¬ 
religious therapeutics to rational thera¬ 
peutics (from daiva-vyapasraya-bhesaja 
to yukti-vyapdsraya-bhesaja). This was 
a very risky step, he says, the risk in¬ 
volved being political. ‘To question 
even by implication - mysticism, ritual¬ 
ism and religion - necessitates also re¬ 
jection of the very way of life all these 
tend to justify. It amounts to question¬ 
ing the very norm on which a hierarchi¬ 
cal society wants to thrive.’ Further, the 
early medical men were looking for 
material, natural causes of diseases. 
Chattopadhyaya argues^^ that the view 
of the laws inherent in nature - techni¬ 
cally called svabhava — is essential for 
Ayurveda, Thus, the fundamental postu¬ 
lates of ancient Indian medicine are: 

(i) everything in nature takes place 
according to laws inherent in 
nature; 

(ii) though immutable, these laws are 
nevertheless knowable; 

(iii) the knowledge of these laws 
brings power over nature, which 
medically means ensuring a long 
and healthy life. 

This emphasis on svabhava rejects adr- 
stovada or karmavada or any super¬ 
naturalism. Chattopadhyaya^^ argues 
that this natural cause and effect ap¬ 
proach to human ailments and their 
treatment was considered subversive by 
the priests, and the Indian law-givers 
were ‘obliged to denounce it as abject 
heresy’. This led to the downgrading of 
the practitioners of medicine in the so¬ 
cial hierarchy, by the law-givers, and 
also to interpolations of theologi¬ 
cal/philosophical discussions in the 
Caraka-samhita , which are inconsistent 
with its rational spirit. 

The conflict between science and the 
counter-ideology was also present in 
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Europe in the middle ages. There was 
the inquisition, the burning at the stake 
of nonconformist thinkers like Giordano 
Bruno, the trial and humiliation of 
Galileo, and the indexing of books. How 
does one compare the conflict between 
science and the counter-ideology in 
India with that in Europe? Why was it 
that the counter-ideology could prevail 
in India, whereas Europe could get over 
its influence? 

Is the argument of Chattopadhyaya 
regarding suppression of materialism in 
relation to Indian medicine overdrawn? 
It would be useful to have a fresh look 
at it. Medicine did thrive in India, did 
make advances^^ and even spread out¬ 
side India down to the eighth century. 
Indian doctors were imported by the 
Abbasid Khalifas to supervise their own 
hospitals in the 8th century ad and San¬ 
skrit medical texts were translated into 
Arabic^^ 

A Spanish Muslim scholar, quoted by 
Chattopadhyaya himself, says in 
1080 AD that Indian medicine was the 
best in the world. 

Further, when Francis Buchanan car¬ 
ried out a survey of the state of medi¬ 
cine and surgery in 1807, under orders 
from the Court of Directors of the East 
India Company, he observed in relation 
to Bihar: 'Medicine is taught by several 
of the Pandits, some of whom also, 
though they are grammarians, practice 
the art . . . Besides the Professors of 
Medicine, about 700 families of Brah¬ 
mans, almost all of Sakadwip, practice 
that art and are the only Hindu physi¬ 
cians who possess anything like sci¬ 
ence . . (emphasis added). 

Conflict between science and 
religion 

It is not unusual to find it claimed that 
unlike in Europe, there was no conflict 
between science and religion in In- 
dia^°*^\ because there was no hostility 
to science or to new ideas in philoso¬ 
phy, on the part of religion; that even 
atheists were not persecuted in India. 
This was true in early times, when there 
was full intellectual freedom, a beauti¬ 
ful example of openness being the 
Nasadaya sukta in the Rigveda. There 
were as many as sixty-three systems of 
philosophy in the days of the Buddha, 
and very few of them cared to rely on 
Vedic authority for their hypotheses or 
their conclusions. Wi thin the fold of the 


orthodoxy itself there were the 
Sdnkhya, Mimdmsa and Nydya sys¬ 
tems, which had hardly any appropriate 
place for the divine Creator in them. 
Buddhism and Jainism were not sum¬ 
marily dismissed as atheistic. But cer¬ 
tain works came to be canonized some 
time around 600 BC, and an almost 
equal reverence came to be paid to the 
Smrtis and Puranas in the course of 
time. Theories began to be accepted or 
rejected according as they were in con¬ 
formity with or opposed to statements of 
the sacred books^^. Already by the time 
of Sankara, the pressure was quite 
strong. Intellectual giants like Sankara 
and Ramanuja had to spend a dispro¬ 
portionate amount of time and energy to 
prove that their systems of philosophy 
were in conformity with and the natural 
outcomes of the Upanisadic hypotheses. 
Independent development of philoso¬ 
phies was affected. Instead, one only 
had commentaries on the revealed litera¬ 
ture^^. 

The separation of philosophy from 
theology, and of science from philo¬ 
sophy, also did not take place. This 
separation would seem to have been an 
important step in European develop¬ 
ment. It enabled science to go ahead 
when theology and metaphysics stag¬ 
nated. 

Under such circumstances, there was 
not much scope left for research and 
originality in those matters where opin¬ 
ions were expressed in the sacred books, 
which now included Smrtis and Pu- 
rdnas. A glaring example is that of the 
mythological stories about Rdhu and 
Ketu temporarily overpowering the 
moon or the sun and thereby causing 
eclipses, which got canonized by inclu¬ 
sion in the Puranas. Aryabhata, (ca. 
500 AD), Varahamihira and Brahma¬ 
gupta (ca. 600 AD) knew the scientific 
explanation of eclipses but were power¬ 
less to explode the myths. In fact, 
Brahmagupta went to the extent of con¬ 
demning Aryabhata, Varahamihira, 
Srisena and Visnucandra for expound¬ 
ing the unorthodox but scientific theory 
of eclipses. Alberuni has suggested that 
Brahmagupta made the compromise 
because a calamitous fate like that of 
Socrates had befallen him^^ 

Was this also the reason why Aryab- 
bhata’s suggestion that the earth re¬ 
volves around its axis was not followed 
up by later astronomers? Or, for the 
fact, that the idea of impetus could not 


develop into inertia, force, etc., - 
perhaps the most important develop¬ 
ments in Europe that launched the sci¬ 
entific revolution? 

Incidentally, it will be useful to have 
more light thrown on the process of 
canonization of scriptures, including the 
Smrtis and the Puranas, which made it 
impossible for even outstanding intel¬ 
lectuals like Brahmagupta to counter 
stories like those of Rdhu, Ketu and the 
eclipses, and also to document other 
instances of this kind. Is the view that 
there was no conflict between science 
and religion/spirituality a modern view, 
or does it go back to ancient times? 

Swami Ranganathananda^"* quotes 
from Sankaracharya’s commentary on 
the Brhaddranyaka Upanisad: ‘Nor are 
the Srtis (the Vedas) supposed to have 
authority in matters which are contra¬ 
dicted by other means of knowledge, for 
instance, if they said, ‘fire is cold and 
wets things’. Was such thinking widely 
accepted by scholars or people at large? 
During which epochs? 

Possibly connected with this concept 
of knowledge as captured and frozen in 
the scriptures is the picture of a tradi¬ 
tional 'Brahmin' scholar today as a re¬ 
pository of knowledge in the books - 
rather than a free-wheeling creative 
intellectual, applying his knowledge to 
the exploration of new phenomena or 
providing improved explanations of the 
phenomena already known. When did 
the tradition of questioning as in the 
Upanisads, Nydya-Vaisesika, and other 
early texts lose its vigour and a static 
view of the learning of the learned 
emerge? 

The belief that all knowledge is 
in the Vedas 

Vivekananda refers to the belief preva¬ 
lent in India that all that is called 
knowledge is in the Vedas^^. 

It is not uncommon to find it claimed 
even today that the Vedas are the store¬ 
house of all knowledge - spiritual and 
secular. For example, Jagadguru Swami 
Shri Bharati Krishna Maharaj has said: 

‘The very word Veda has this derivational 
meaning, i.e. the fountainhead and illimit¬ 
able storehouse of all knowledge. This deri¬ 
vation, in effect, means, connotes and 
implies that the Vedas should contain within 
themselves all the knowledge needed by 
mankind relating not only to the so-called 
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spiritual (or other-worldly) matters but also 
to those usually described as purely secular, 
temporal or worldly, and also to the means 
required by humanity as such for the 
achievement of all-round, complete and 
perfect success in all conceivable directions, 
and that there can be no adjectival or re¬ 
strictive epithet calculated (or tending) to 
limit that knowledge down in any sphere, 
any direction or any respect whatsoever. 

‘In other words, it connotes and implies that 
our ancient Indian Vedic lore should be all¬ 
round, complete and perfect and be able to 
throw the fullest necessary light on all mat¬ 
ters which any inspiring seeker after knowl¬ 
edge can possibly seek to be enlightened 
on.’^^’ (emphasis added) 

One should note that this statement of 
the Jagadguru is quoted by a former 
President of the Association of Indian 
Universities in his Foreword to the book 
Science and the Vedas. 

It will be useful to know how old this 
kind of belief is in our cultural/ 
philosophical history. When and how 
did it get ascendancy? Such a belief, if 
widely held, could lead to stagnation or 
even decline in science and could, 
therefore, be an important factor inhibit¬ 
ing the growth of modern science in 
India. It could also have inhibited the 
healthy development of philosophy. 

Tendency to accommodate 
conflicting opposites 

Indian tendency to accommodate con¬ 
flicting opposites has been mentioned as 
one of the causes. The faith of some of 
our modern scientists in miracle-making 
godmen is cited as a present-day exam¬ 
ple. 

Alberuni, the scholar-traveller who 
visited India around 1000 AD was very 
critical of the Hindus on this score: 

‘ . . . you mostly find that even the so- 
called scientific theorems of the Hindus 
are in a state of utter confusion, devoid 
of any logical order, and in the last in¬ 
stance always mixed up with silly no¬ 
tions of the crowd, e.g. immense 
numbers, enormous spaces of time, and 
all kinds of religious dogmas, which the 
vulgar belief does not admit of being 
called into question. Therefore, it is a 
prevailing practice among the Hindus 
jurare in verba magistri; and I can only 
compare their mathematical and astro¬ 
nomical literature, as far as I know it, to 
a mixture of pearl shells and sour dates, 
or of pearls and dung, or of costly crys¬ 
tals and common pebbles. Both kinds of 


things are equal in their eyes, since they 
cannot raise themselves to the methods 
of a strictly scientific deduction . . . 

These are harsh words, possibly col¬ 
oured to some extent by the arrogance 
of a person accompanying conquering 
Mahmud, but they should make us look 
introspectively at the cultural and philo¬ 
sophical milieu of that period. 

Varahamihira wrote in Brahatsamhita 
that the gems could have originated 
either from the bones of gods and de¬ 
mons, or on account of natural meta¬ 
morphosis of rocks. The possibilities 
were given equal emphasis^®. Biswas^* 
has given more revolting examples from 
Rasa-Ratna-Samuccaya, a 13th century 
text. 

Kosambi^^ has observed: ‘The “logic” 
advanced by the Brahmins took good 
care to avoid all reality. The end result 
is seen in the philosophy of the great 
Sankara (800 ad), who threw out the 
proposition that “a thing is either A or 
non-A”, and viewed the universe as 
divided into metaphysical categories 
upon several planes. The highest plane 
was, of course, of speculation about and 
unity with eternal principles. Material 
reality did not exist. The philosopher 
was thus excused if he joined the com¬ 
mon herd on the plane of ritual obser¬ 
vation . . . ’ 

An oft-quoted example of this ten¬ 
dency as far as science is concerned is 
that Brahmagupta wrote the popular 
myth about the cause of eclipses (Rahu, 
Ketu and all that) along with his calcu¬ 
lation in terms of the correct astronomi¬ 
cal explanation. 

It is interesting to see what Saha'^^ has 
said in this regard: ‘ ... in India, the 
votaries of the astronomical science 
apparently found it difficult to go 
against the scriptures. The Greek sa¬ 
vants, with characteristic boldness and 
freedom of thought, had pooh-poohed 
the Homeric and Hesiodic cosmogony, 
they made light of the Olympic Gods. 
But the Indian savant never showed 
equal boldness. On the other hand, be¬ 
ing accustomed to easy-going pantheis¬ 
tic tendencies, he was always ready to 
compromise and be accommodating in 
his views .. . never courageous enough 
to propose a bolder theory of the uni¬ 
verse in opposition to current ideas. 
Aryabhata of Kusumpur (Patliputra) 
(born in 476 ad) thought that the earth, 
by turning round its axis, caused day 
and night, but his successors did not 


seem to be impressed with his ideas. It 
is, however, clear that they were keenly 
alive to the stupidity of public beliefs or 
utter inadequacy of the sastric lore. “It 
is said”, says Bhaskaracharya, “that the 
earth rests on the hood of a huge snake, 
which when it feels uneasy gives a 
shake and causes earthquakes. Well, the 
snake must have something to rest upon, 
let it be the tortoise, but this also must 
have something else to rest upon. So we 
have to assume the hypothesis of an 
endless string of the support and sup¬ 
porters. A better explanation would be 
that the earth has no support, i.e. is sus¬ 
pended in space”. But the next sentence, 
he is careful to say, “but since these 
things are mentioned in the Sastras, 
there must be some truth in them”’. 

Lest we are too harsh on Brahma¬ 
gupta or Bhaskaracharya, we may note 
what Gould"^' has to say about Newton 
and Whiston, his successor as Lucasian 
Professor at Cambridge. 

‘The Newton of our Pantheon is a 
sanitized and modern version of the man 
himself.’ He greatly admired the book 
New Theory by William Whiston 
(1696), to such an extent that Whiston 
ended up as Newton’s handpicked suc¬ 
cessor as Lucasian Professor of Mathe¬ 
matics at Cambridge. The full title of 
Whiston’s treatise gives an idea of its 
contents. Whiston called his treatise A 
New Theory of the Earth from its Origin 
to the Consummation of all Things, 
Wherein the Creation of the World in 
Six Days, the Universal Deluge, and the 
General Conflagration, as laid down in 
the Holy Scriptures, are shown to be 
perfectly agreeable to Reason and Phi¬ 
losophy. 

In trying to establish a consistency 
between the two great sources of truth 
as defined by his countrymen - the in¬ 
fallibility of the Scriptures, and the 
mathematical beauty of the cosmos, so 
recently recreated by Newton - Whiston 
implicated comets as prime movers. 

‘Whiston has descended through his¬ 
tory’, remarks Gould'^^ ‘as the worst 
example of religious superstition viewed 
as an impediment to science’. ‘ . . . We 
dismiss Whiston because he violated 
ideals of science as we now define the 
term. But, in Whiston’s time, science 
did not exist as a separate domain of 
inquiry; the word itself had not been 
coined. No matter how we may view 
such an enterprise today, Whiston’s 
mixture of natural events and scriptural 
traditions defined a primary domain at 
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the forefront of scholarship in his time 
... He did not view his effort as a work 
of science, but as a treatise in an impor¬ 
tant contemporary tradition for using all 
domains of knowledge - revelations of 
the Scriptures, history of ancient 
chronicles, and knowledge of nature’s 
laws - to reconstruct the story of human 
life on our planet. The New Theory 
contains - and by Whiston’s explicit 
design-far more material on theologi¬ 
cal principles and biblical exegesis than 
on anything that would now pass muster 
as science.’ 

The interesting thing in the context of 
our discussion is the fact that Whiston’s 
work was highly thought of by no less a 
person than Newton. 

It is also well known that at the same 
time that Newton was working on the 
Principia, he was also spending a sub¬ 
stantial fraction of his time on investi¬ 
gations in alchemy and theology. On the 
other hand, he did not publish anything 
on either of these subjects. 

Complacency developed during 
the period when the Indians had 
attained a high level of 
civilization 

Another line of reasoning puts the 
blame on the complacency that the Indi¬ 
ans had developed over a period of 
time: they began to think that they had 
attained the highest knowledge that 
humans were capable of and they pro¬ 
gressively lost the questioning attitude 
and openness to knowledge from other 
sources {"a no bhadrah kratavo yantu 
visvatah). In this context one often 
quotes Alberuni, who says the following 
about the attitude of Hindus of his time: 

‘They are haughty, foolish, vain, stolid and 
self-conceited. According to their belief, 
there is no other country on earth but theirs, 
no other race of man but theirs, and no cre¬ 
ated beings besides them have any knowl¬ 
edge or science whatsoever. Their haughti¬ 
ness is such that, if you tell them of any 
science or scholar in Khurasan or Persis, 
they will think you to be both an ignoramus 
and a liar. If they travelled and mixed with 
other nations, they would soon change their 
mind, for their ancestors were not as nar¬ 
row-minded as the present generation is. ’ 
(emphasis added). 

Gargi Samhita"^^ says: ‘The yavanas (i.e. 
the Greeks) are indeed barbarians, but 
astronomy originated in them and for 
this they must be venerated as Gods.’ 


Aryabhata and Varahamihira also did 
not have the attitude described by Albe¬ 
runi, though one probably sees the be¬ 
ginning of such an arrogant and 
exclusive attitude in Varahamihir when 
he says: The Greeks, though impure, 
must be honoured, since they were 
trained in sciences, and therein excelled 
others. What then are we to say of a 
Brahman if he combines with his purity 
the height of scienceT^^ (emphasis 
added). 

When did the vain, self-conceited atti¬ 
tude start dominating? How did it con¬ 
tinue in spite of the humiliating defeats 
that the Hindu society had to accept 
from successive invaders? 

The complacency or intellectual leth¬ 
argy that had developed continued even 
after the Moguls came to power. Jawa- 
harlal Nehru refers to the curious fact 
that Akbar did not take any interest in 
building sea power, though Vasco de 
Gama had reached Calicut, via the Cape, 
in 1498, and established Portuguese sea 
power in the Indian Ocean. What is 
more, this lack of interest continued 
even after the Portuguese started extrac¬ 
ting tolls from traders and from pilgrims 
going to Mecca. He or the ‘jewels’ in 
his court also took no interest in print- 
ing"*^, though the Jesuits presented him 
with a printed Bible. The Mogul army 
and the armies of other states in India 
depended on foreign experts for their 
artilleries. Why did Akbar or anyone 
else not send his own men abroad for 
training, or interest himself in the im¬ 
provement of the artillery by encourag¬ 
ing research work? Why did they not 
take interest in developing Indian 
clocks, though imported clocks were 
very popular with the Mogul nobility? 

Over the centuries, during the Gupta 
period and later, India imported horses 
from Arabia, Iran and Bactria. For some 
strange reason, India never took to the 
breeding of horses and training the vet- 
erinaries. Mentioning this, Thapar"^^ 
remarks: ‘The fact that India never bred 
sufficient horses of quality, the best 
blood having always to be imported, 
was to have disastrous consequences on 
the cavalry arm of Indian armies, even¬ 
tually making the cavalry ineffective, 
especially in comparison with Central 
Asian hordes.’ 

Rigidity of the caste system 

A factor that needs some discussion is 
the growing rigidity of the caste system 


in India, which led to ihe separation of 
the head from the hand'^^: Theoretical 
and philosophical studies (including the 
speculative aspects of science) were the 
prerogative of the Brahmins, whereas 
the practical arts and crafts were rele¬ 
gated to the other castes. These lower 
castes, moreover, did not have the 
benefit of formal education. This pre¬ 
vented the coordination between science 
and crafts, and theory and experimenta¬ 
tion/experience. Also, the accumulated 
theoretical knowledge was accessible to 
Brahmins in Sanskrit while the common 
technicians, who knew only one of the 
Prakrits, had no access to it. It would be 
useful to compare and contrast with a 
similar problem in medieval Europe, 
where the accumulated theoretical 
knowledge was the prerogative of the 
Latin-knowing clergy and aristocracy 
and not accessible to common artisans. 
Also, when did the caste system become 
rigid from the point of view of separa¬ 
tion of the head from hand? Altekar 
observes that after 800 ad, primary edu¬ 
cation became restricted to the higher 
strata of society; the vast majority of 
workmen and artisans became illiterate 
by this time and knew only the tradi¬ 
tional processes of their profession"^^. 

The ban on foreign travel 

Foreign travel seems to have got banned 
around the 8th centuryThis is usually 
attributed to the increasing rigidity of 
the caste system, and the ideas of purity 
and impurity, especially in relation to 
mixing with foreigners and observing 
food taboos. Vivekananda in one dis¬ 
cussion attributes the ban to a desire to 
prevent the Hindus from mixing with 
the surrounding Buddhistic nations. He 
says: The one great cause of the 
downfall and degeneration of India was 
the building of a wall of custom- 
whose foundation was the hatred of 
others - around the nation, and the real 
aim of which in ancient times was to 
prevent the Hindus from coming into 
contact with the surrounding Buddhistic 
nation^.’^’ 

Whatever be the cause, banning of 
foreign travel could not but have had a 
very adverse impact on the exposure to 
fresh ideas and new techniques, so es¬ 
sential for growth of science. Sharma^^ 
has discussed the possibility that Raja 
Jai Singh may have received wrong ad¬ 
vice from his foreign consultants, the 
Jesuits, with regard to the state-of-the- 
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art in astronomy in Europe. Though 
their delegation visited Europe on his 
behalf, the Jesuits, because of their own 
theological beliefs and prejudices, may 
not have presented the Copernican 
revolution to Jai Singh in its true per¬ 
spective. The European books which Jai 
Singh got translated into Sanskrit in¬ 
cluded the already obsolete Almagest of 
Ptolemy and not The Revolution of the 
Heavenly Spheres of Copernicus or The 
Harmonies of the World of Kepler or 
Dialogues Concerning Two New Sci¬ 
ences of Galileo or The Principia of 
Newton, all of which had been in exis¬ 
tence for quite some time. Jai Singh also 
does not seem to have benefited from 
the developments in telescopes taking 
place in Europe, in planning his obser¬ 
vatories. ‘Unfortunately’, says Sharma, 
‘The Raja seemed to have had no alter¬ 
native but to send a team of foreigners 
on his fact-finding mission in Europe as 
no high-born Hindu of his days would 
dare 'cross the ocean' and thereby risk 
‘losing his caste’^^. This unfortunate 
predicament of the Raja need not dimin¬ 
ish our admiration for his vision and his 
contributions to astronomy. 

A handicap of the oral tradition? 

The Indian tradition is said to have been 
largely an oral tradition, from the earli¬ 
est times when the Vedas were not 
written but passed on by recitation from 
the Guru to the discipire, with explana¬ 
tions in the course of the transfer. Later 
.when writing was developed (ca. 
400 BC), the style was usually aphoris¬ 
tic. so that the intermediary of a Guru 
was needed for an understanding of the 
meaning of the esoteric texts. While 
commentaries helped to some extent, 
they often did not throw light on the 
rationale of the problem tackled or pro¬ 
vide an insight into the mental working 
of the scientist, whose results were 
given cryptically in a Sutra. Added to 
this was the secretive aspect of the tra¬ 
dition, which again, meant that if the 
symbolic language with secret meaning, 
or recipe, or special formula, was not 
transferred by a Guru to his (favourite) 
Sisya. that piece of knowledge disap¬ 
peared''L 

Effect of invasions? 

Successive invasions meant not only 
devastating destabilization of the func¬ 


tioning of the society, and loss of pros¬ 
perity, it also meant loss of centres of 
learning, including their libraries. Albe- 
runi"^^ describes the effect of Sultan 
Mahmud’s invasions: ‘ . . . Mahmud 
utterly ruined the prosperity of the 
country, and performed there wonderful 
exploits, by which the Hindus became 
like atoms of dust, scattered in all di¬ 
rections, and like a tale of old in the 
mouth of people . . . This is the reason 
why Hindu sciences have retired far 
away from those parts of the country 
conquered by us, and have fled to places 
which our hand cannot yet reach . . . 

India had at one time flourishing uni¬ 
versities at Taksasila, Vikramasila, 
Valabhi, Nalanda, etc. Within a couple 
of hundred years of the above account 
by Alberuni, the 700-800 years old 
University of Nllanda, to which schol¬ 
ars came from various parts of the 
country and from abroad, was destroyed 
by Bakhtiyar Khilji. Bakhtiyar Khilji 
also destroyed the famous University of 
Vikramasila. These were the last of the 
great Indian universities to disappear. 
No great universities came up in the 
centuries that followed, either under the 
Afghans and the Moguls in the North, 
or under the Vijayanagar and other 
kingdoms of the South. 

One may say that one had the Guru- 
Icul system. But such a gharana system 
had its weak as well as strong points. It 
could not be a substitute for universi¬ 
ties. 

It would not be an accident that the 
bright period for Indian science and 
philosophy was also the period in which 
some of these universities flourished 
and attracted scholars from far-off 
places. One notes in this context the 
role played by the universities of Cor¬ 
dova, Cracow, Tubingen, Paris, Oxford, 
Bologna and Padova in the revival of 
learning (science in particular) in 
Europe. Some of the great architects of 
the scientific revolution in Europe had 
been at Padova at important periods in 
their career - Copernicus, Galileo, Har¬ 
vey and Vesalius, to mention a few. 

Even the great Akbar does not seem 
to have applied his mind to the setting 
up of universities. Why? 

Just around the time when India’s 
great universities were disappearing, 
new universities were coming up in 
Europe^'^. This was followed by the set¬ 
ting up of Academies/Royal Societies, 
which also were to play an important 
role in the intellectual life of Europe. 


The effect of centuries of unsettled 
conditions that prevailed before a multi¬ 
religious composite culture could 
emerge needs to be analysed dispas¬ 
sionately without allowing either Hindu 
or Muslim chauvinism to distort the 
view of the happenings. 

The British had stepped in before 
India could find its feet again. 

Influence of Buddhism? 

Going back to an earlier period, what 
were the positive and negative impacts 
of Buddhism on the development of 
science in India? The Buddha himself 
stressed the importance of the spirit of 
enquiry: 

‘Believe nothing 

Merely because you have been told it. 

Or because it is traditional. 

Or because you yourself have imagined 
it. 

Do not believe what your teacher tells 
you. 

Merely out of respect for the teacher. 

But whatever, after due examination and 
analysis. 

You find to be conducive to the good. 
The benefit. 

The welfare of all beings, 

That doctrine believe and cling to. 

And take it as your guide.’ 

It is interesting that he said this around 
the time that some of the Hindu scrip¬ 
tures were getting canonized. Can one 
trace the healthy impact of this on 
science? 

Later, things changed. As Chatto- 
padhyaya points out in the course of his 
discussion of the vicissitudes of Ayur¬ 
veda, while the concept of causality is 
absolutely crucial for Ayurveda, Nagar- 
juna, the founder/exponent of the 
Madhyamaka school of philosophy, 
popularly known as Sunyavada, denied 
causality and condemned experience 
and reason as sources of right knowl¬ 
edge. What impact did this have on 
science? 

It is curious that the decline of Indian 
science seems to have started around the 
time or in the centuries following the 
victory of Adi Sankara over the 
existing Buddhistic doctrines and 
other materialistic and nonmaterialistic 
schools of Indian philosophy in the 8th 
century. Did this victory imply the rees¬ 
tablishment of spirit over matter, lead- 
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ing to a down-grading of creative sci¬ 
ence^ 

Did the Pramanyavada, which fol¬ 
lowed in the succeeding centuries, have 
an adverse effect? 

One hopes that an objective discus¬ 
sion of the positive and negative im¬ 
pacts will be forthcoming^^. 

Too big a load from the past? 

Was the continuity in Indian civilization 
a handicap? Europe lost its Graeco- 
Roman knowledge and tradition in the 
dark ages, and then recovered these a 
thousand years later through the Arabs, 
along with the knowledge which the 
Arabs brought from India. When this 
happened, the Europeans had a chance 
to have a fresh critical look at the old 
heritage. Such a critical look started 
already in the 13th-14th centuries with 
the scholastics, and was an important 
factor leading to Renaissance. Was the 
absence of discontinuity a disadvantage 
for the Chinese and the Indians? 

The load from the past has been 
summarized by Kosambi: ‘The absence 
of logic, contempt for mundane reality, 
the inability to work at manual and me¬ 
nial tasks, emphasis upon learning basic 
formulas by rote, with the secret mean¬ 
ing to be expounded by a high Guru, 
and respect for tradition (no matter how 
silly) backed by fictitious ancient 
authority had a devastating effect upon 
Indian science. 

The various corrosive factors seem to 
have been operating from the last cen¬ 
turies of the first millennium, though 
their effect was seen much later. As 
Nehru'"’^ has remarked, during Akbar’s 
time, ‘India to all outward seeming pre¬ 
sented the spectacle of not only a bril¬ 
liant court, but of thriving trade, 
commerce, manufacture and crafts. In 
many respects, the countries of Europe 
would have seemed backward and rather 
crude to an Indian visitor then. And yet 
the dynamic quality which was becom¬ 
ing evident in Europe was almost 
wholly absent in India ... A civilization 
decays much more from inner failure 
than from external attack. It may fail 
because in a sense it has worked itself 
out and has nothing more to offer to a 
changing world, or because the people 
who represent it deteriorate in quality 
and can no longer support the burden 
worthily . .. 


Some comments on the western 
traditions supposedly 
responsible for the rise of 
modern science in Europe 

Finally, it may be appropriate to com¬ 
ment very briefly on some of the con¬ 
tributory factors that are often 
mentioned in the context of the rise of 
modern science in Europe. 

Rise of modern science was a unique 
happening, that took place in Europe. 
There has been a lot of post-facto ra¬ 
tionalization of this development^^. The 
search has been for developments which 
took place uniquely in Europe, so as to 
make a case that modern science could 
arise only as a concomitant of such de¬ 
velopments and, therefore, in Europe 
and nowhere else. Developments like 
Reformation and Renaissance are often 
mentioned as contributory or triggering 
factors. It is good to remember, how¬ 
ever, that Copernicus was not only a 
catholic but a canon in the Roman 
Catholic Church and that high dignitar¬ 
ies of the Church were associated with 
the publication of his book. Galileo was 
also a Roman Catholic and ventured 
into the realm of theology by attempting 
to show that the Copernican system was 
consistent with a fair interpretation of 
the words of the Scriptures. And Martin 
Luther mounted a vicious attack on Co¬ 
pernicus. The Catholic Church, it is well 
known, put the books of Copernicus and 
Galileo on the Index. 

Anthony^^ a biographer of Newton, 
quotes Butterfield to make the point that 
the ancient Greek thought, through Arab 
translations. Renaissance, Reformation, 
etc., did not change the mode of thinking 
of people as scientific revolution itself did. 

Butterfield has, in fact, observed, 
‘since that (i.e. scientific) revolution 
overturned the authority in science not 
only of the middle ages but also of the 
ancient world - since it ended not only 
in the eclipse of scholastic philosophy 
but also in the destruction of Aristotlean 
physics-it outshines everything since 
the rise of Christianity and reduces the 
Renaissance and Reformation to the 
rank of mere episodes, mere internal 
displacements within the system of me¬ 
dieval Christiandom . . . 

The question then arises if one has 
been overemphasizing factors like Ren¬ 
aissance, Reformation and changes in 
the mode of thinking of people as the 
prime contributors to the rise of modern 
science in Europe. 


And Bertrand Russell has observed: 

‘Although science was what interested 
(Francis) Bacon, and although his gen¬ 
eral outlook was scientific, he missed 
most of what was being done in science 
in his day. He rejected Copernican the¬ 
ory’, even after the work of Kepler. 
‘Bacon appears not to have known of 
the work of Vesalius, the pioneer of 
modern anatomy, or of Gilbert, whose 
work on magnetism brilliantly illus¬ 
trated the inductive method. Still more 
surprising, he seemed unconscious of 
the work of Harvey, although Harvey 
was his medical attendant! 

It is also interesting to note the com¬ 
ments of Thomas Huxley on the influ¬ 
ence of Baconian philosophy: 

‘ ... I do protest that, of the vast num¬ 
ber of cants in this world, there are 
none, to my mind, so contemptible as 
the pseudo-scientific cant which is 
talked about the Baconian philosophy. 
To hear people talk about the great 
chancellor - and a very great man he 
certainly was - you would think that it 
was he who invented science, and that 
there was no such thing as sound rea¬ 
soning before the time of queen Eliza¬ 
beth . . . The method of scientific 
enquiry (did not originate with Bacon or 
his age) originated with the first man 
whoever he was, . . . 

Butterfield^"^ has commented that one 
of the aspects of history that is not suf¬ 
ficiently emphasized is that from the 
fourth to the twentieth century, one of 
the most remarkable aspects of the 
story - the most impressive conflict that 
spans 1500 years - is the conflict be¬ 
tween Europe and Asia, a conflict in 
which down to the time of Newton’s 
Principia, it was the Asiatics who were 
on the aggressive'. 

It is clear that some of the contribu¬ 
tory factors held responsible for the rise 
of modern science in the West and for 
the East lagging behind need a fresh 
look. 

Mukhopadhyaya^^ has written about 
two metamorphoses of the mind in the 
recent centuries, one among the Euro¬ 
peans, who appropriated science as a 
purely western product, as a most typi¬ 
cal creation of thought of the Western 
civilization, and the other suffered by 
the colonial people, Indians in particu¬ 
lar, which persuaded them that science 
was not a part of their civilization. 
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Mukhopadhyaya’s thesis calls for a 
closer look. 

Concluding remarks 

It should be clear that the Project on the 
History of Indian Science, Philosophy 
and Culture should constantly keep in 
view the changing sociocultural- 
philosophical milieu in which science 
could have flourished in India during 
certain periods, and in which Indian 
technology could have' been at the fore¬ 
front internationally in certain domains 
down to the eighteenth century, and in 
which both became stagnant or declined 
during other periods. What were the 
external factors and what were the in¬ 
ternal failures which must not be al¬ 
lowed to repeatl Were the internal 
failures on a broad front (science, phi¬ 
losophy, literature, art, architecture, 
. . .)? To the extent that the Project will 
succeed in unravelling these complex 
intertwining factors, it will provide a 
landmark in the history of the development 
of Indian science, philosophy and culture. 
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In this issue 


What can we learn from the croak 
of a frog? 

For the common man, frogs bring on the 
image of slimy, creepy, ugly things that 
croak without a trace of decency. For 
the Indian undergraduate student of zoo¬ 
logy, frogs must appear as having been 
created by God for the sole purpose of 
being used for teaching and learning how 
to dissect animals and study their 
anatomy. But like the princess in the 
fairy tale who kissed a frog and turned 
him into a prince, Debjani Roy and her 
students might well bring to the frog a 
large measure of respect and admira¬ 
tion. 

On page 265 of this issue, Debjani 
Roy, Bijoylakshmi Borah and Amarendra 
Sarma describe experiments that permit 
a deeper understanding of the role of 
frog calls in their courtship behaviour. 
Because of the feebleness of their calls 
and perhaps at least in part because of 
the gender of most previous researchers 
on frogs, the calls of the female frogs 
have largely been neglected. Most pre¬ 
vious work has concentrated on male 
calls and has created the view that males 
advertise themselves so that females have 
no difficulty in finding them. The present 
study has made a special attempt to go 
beyond the din created by the male frogs 
and attempt to listen to what the females 
have to say. The recordings and analysis 
of the female calls suggest that females 
are calling in response to the males and 
in the context of courtship. Typical of 
males in general, the male frogs call as 
loud as possible in an attempt to get 
the attention of the females. On the 
other hand, the females’ feeble call is 
probably testing the sensitivity of the 
males! 

In any case this study suggests a much 
more active role for the female frog in 
matters of mate choice and courtship than 
has been hitherto suspected. This is 
reminiscent of the more general shift we 
are now witnessing, from a view of animal 
courtship based largely on male-male 
competition for access to the passive 
females towards a view where female 
choice has a significant role in deciding 
who mates with whom. That somebody 
has thought it worthwhile to leave the 
laboratory bench and the dissection tray 
and go to the inhospitable marshes at 
night, and that too in North East India, 
to learn from living frogs, augurs well 


for Indian zoology. There is so much to 
learn from the croak of a frog. 

R.G. 

NMR: Fifty years on 

Almost fifty years have passed since Felix 
Bloch and Edward Purcell independently 
reported the observation of nuclear mag¬ 
netic resonance (NMR) in bulk matter. 
Conceived as an esoteric technique to 
measure nuclear magnetic moments accu¬ 
rately, hardly anyone in the late 1940s 
could have foreseen the impact that NMR 
was to make in the fields of chemistry, 
biology and medicine. The first sign that 
NMR was too useful to be left entirely 
to physicists came early on; the proton 
resonance frequencies in the samples used 
by Bloch (tap water) and Purcell (mineral 
oil) were different. Clearly, chemistry was 
at work, modifying Larmor precession 
frequencies. A more dramatic manifesta¬ 
tion of the role of chemical environment 
in influencing nuclear resonance frequen¬ 
cies was provided in 1951 with the famous 
demonstration of three chemically shifted 
groups of proton resonances in ethyl alco¬ 
hol by Arnold, Dharmatti and Packard. 
The last named was to go on to developing 
commercial NMR instmmentation, while 
Dharmatti was to introduce the NMR 
technique at the then fledgling Tata 
Institute of Fundamental Research (TIFR) 
in Bombay. Interestingly, the first mag¬ 
netic resonance experiments in India were 
conceived and executed by G. Suryan in 
the Physics Department of the Indian 
Institute of Science, Bangalore, in 1950- 
51. By the early 1960s NMR was a 
critically important tool for structure 
determination in organic chemistry, with 
the hydrogen nucleus as the sole reported 
case of chemical environment. No 
chemistry department in the West would 
consider itself complete if it did not 
possess an NMR spectrometer (a condition 
that has now been reached in India also). 
Two problems, however, limited the range 
of NMR applications; sensitivity of detec¬ 
tion of resonances and inadequate chemi¬ 
cal shift dispersion in complex molecules 
containing large numbers of atoms. The 
introduction of Fourier Transform Spectro¬ 
scopy in the late 1960s and the advent 
of superconducting magnets capable of 
providing high magnetic fields of requisite 
homogeneity allowed NMR to breach the 
barriers between chemistry and biology. 
Enhanced sensitivity now permitted detec¬ 
tion of resonances from less abundant 


nuclei (^^C, ^^N), enhancing the infor¬ 
mation content of NMR studies. But more 
was to come. In the late 1970s following 
a suggestion by Jean Jeneer, the first 
two-dimensional NMR experiments were 
performed by Richard Ernst. Overlapping 
frequencies could now be resolved by 
spreading the information onto a fre¬ 
quency plane; more importantly correla¬ 
tions between coupled nuclei permitted 
identification of groups of spins charac¬ 
teristic of specific chemical groups. By 
the early 1980s there was a veritable 
flood of multiple pulse experiments; 
spectroscopists could now literally 
eavesdrop on intimate conversations 
between atomic nuclei in molecules. The 
convenient detection of nuclear 
Overhauser effects (NOEs) permitted 
identification of spatially proximate 
(< 4 A) hydrogen atoms, providing 
finally a firm handle for the determination 
of three-dimensional structures of mole¬ 
cules in solution. NMR was poised by 
the mid 1980s to enter an arena which 
had till then been exclusively dominated 
by X-ray crystallography: the field of 
biological structure determination. 

The first pioneering study of bovine 
pancreatic trypsin inhibitor, a small 58- 
residue polypeptide by Kurt Wuthrich and 
his collaborators at the ETH in Zurich, 
was quickly followed by a deluge. The 
size range of proteins that can be studied 
by NMR methods has steadily increased 
with the incorporation of stable isotopes 
(13c, ^^N), permitting multidimensional 
spectroscopy. Advances in NMR have 
paralleled the revolution in molecular bio¬ 
logy, which permits ready production of 
recombinant proteins; the fusion of the 
two areas now promises to provide 
remarkably detailed information on 
biological structures in solution. 

In India too, the sophistication of the 
available NMR methodology has slowly 
increased with the TIFR now housing 
spectrometers that operate at 500 and 600 
MHz for proton resonances. In this issue 
(page 243) P. K. Radha et al. describe 
a structural study of the DNA binding 
domain of a proto-oncogene product, 
c-Myb, from Drosophila. The analysis of 
the NMR spectrum of the 160 residue 
polypeptide and the determination of the 
stmcture of a dodecameric nucleotide con¬ 
taining the segment recognized by the 
c-Myb protein using multidimensional 
NMR methods are described. 

P.B. 
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Revitalization of Indian science 


A draft paper^ prepared by the Indian 
Academy of Sciences on science educa¬ 
tion, National Science University (NSU) 
proposal of Mahajan^, and the dedication^ 
to the nation of the Jawaharlal Nehru 
Centre for Advanced Scientific Research 
(JNCASR) on 4 March 1995 have not 
only commonality in the declared objec¬ 
tives of achieving excellence in science, 
they also display identical mind-sets of 
the persons involved. My purpose is two¬ 
fold: to delineate some of the vexed ques¬ 
tions related with the Indian science by 
analysing these examples’"^, and to offer 
suggestions for small corrective measures 
to check the degeneration effectively. 

The debate on the NSU proposal has 
been mainly centred on three issues dis¬ 
cussed below 

1. The Role of the NSU. The basic 
premise is that a talented few should be 
nurtured by providing them with the sup¬ 
port and facilities comparable to the best 
in the world. This is not new, and as 
noted by many readers the so-called elite 
institutions have been established based 
on this premise without having made 
much impact on the state of science done 
in our country. As for catching up and 
competing with the frontline research 
areas, the path-breaking or sufficiently 
influential contributions from India have 
been almost nil. If we examine the names 
of the scientists comprising the top body 
in any heavily funded enterprise osten¬ 
sibly aimed at excellence, then we find 
almost the same set of persons with minor 
changes here and there. Obviously, the 
policy makers believe that there are only 
a handful of such high-calibre competent 
scientists. As a corollary, if the NSU 
comes into being, the honorary faculty 
of the JNCASR or such other ‘eminent’ 
scientists will be appointed in that also. 
Therefore, assuming that ideally whatever 
is proposed in Mahajan’s scheme gets 


implemented, there will be marginal im¬ 
pact on Indian science, there will be no 
depletion of faculty from the universities, 
and for ordinary scientists it will be irre¬ 
levant. Why should we be alarmed? The 
JNCASR was established without any 
open discussion. Why? Is the NSU 
proposal being criticized because the 
group of powerful scientists perceive this 
as a threat to their monopoly? One talks 
of NRI arrogance, but have the Institute 
scientists ever realized their own arrogant 
behaviour towards the University and col¬ 
lege teachers? The Academy paper' 
approves the recommendations made by 
the Planning Commission Working Group 
for a three-tier scheme. Tier I is aimed 
at 0.5% of the estimated total UG science 
students in a year, with the allocation of 
funds of the order of 22% of the total 
grant. And in tier III 83% of the students 
will also get almost the same amount, 
i.e. 22%. I cannot imagine if any idea 
can be worse than this, and fully endorse 
Sriram’s rejection"' of this ‘few highly 
talented’ syndrome. 

2. Criticism of science establish¬ 
ment. Many readers have felt offended 
by sweeping condemnation of feudal 
science establishment (or coterie) by 
Mahajan. While it is tme that the language 
used by Mahajan is unpleasant (or 
pedestrian according to Murthy^), the 
criticisms are valid. The Academy paper' 
makes a general statement without any 
study: ‘In most universities and affiliated 
colleges, one finds low educational stand¬ 
ards and a poor academic environment’ 
According to Sriram"': ‘In fact, scientists 
in our country miss no opportunity to 
declare that our universities have low 
standards and poor academic environ¬ 
ment.’ Not only commoners do not need 
resources, they can be denied basic dig¬ 
nity! From my experience I have found 
that rapid decline in teaching has occurred 


primarily due to misplaced unimaginative 
policies and schemes formulated by 
eminent scientists, i.e. centres of excel¬ 
lence, frontline research, and promotions 
linked with Ph D. Ironically, such policies 
have been lauded in ref. 1. In the centres 
of excellence, costly equipment are inac¬ 
cessible to the students and teachers, the 
personnel appointed are mediocre and pli¬ 
able, the so-called frontline research acti¬ 
vities pursued are done in isolation within 
the faculty, and control of funds in few 
hands leads to exclusivity and negative 
impact on the general teaching environ¬ 
ment. 

Returning to the existence of coterie, 
I shall give a recent example of powerful 
coterie in action. On 16 February 1995, 
during a Discussion Meeting of the 
JNCASR at Banaras Hindu University, 
C. N. R. Rao delivered an evening talk 
on Indian science, in which he was harshly 
critical of CSIR laboratories, their Direc¬ 
tors and Bhatnagar Prize winners. Al¬ 
though several of them were present, 
none expressed even mild resentment. 
Interaction with students and teachers of 
the eminent scientists was cosmetic. The 
whole exercise seemed to be a demonstra¬ 
tion of the powerful coterie. 

In my opinion the crucial factor respon¬ 
sible for the creation of this feudalism 
in science is the exalted position granted 
to the science administrators close to the 
political power, and lack of transparency 
in the policy matters. For example, 
Arunachalam^ has made very pertinent 
comments on the election of the Secretary, 
Department of Science and Technology 
(DST), as the new President of the 
Academy. 

3. Patriotism. Swadesh Mahajan is a 
nonresident scientist in the US, so why 
not attack his patriotism? Many comments 
have appeared^’^ implying that the con¬ 
cern shown for India by NRIs is of 
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doubtful nature; their hidden aim is to 
promote their self-interest I think NRIs 
are not necessarily opportunists, and those 
working in India are not necessarily in¬ 
spired by nationalism - we must recognize 
this. It is better to remember that for 
C. V. Raman, J. C. Bose and M. N. 
Saha patriotism was an article of faith 
which came to them naturally. Bhabha 
essentially introduced the concept of what 
I call contractual nationalism in science. 
Most of the scientists who have returned 
to India have done so after prolonged 
bargains. And the patriotism of quite a 
few top scientists is so shaky that slight 
dilution in their status or facilities and 
funding makes them repent, their stay in 
our country. I refer to an interview^ and 
quote C. N. R. Rao’s reply: ‘Probably I 
should have left India long ago’. 

Science establishment 

Science education cannot be discussed in 
isolation; support and funding for science 
and technology cannot be divorced from 
the socioeconomic conditions of the 
people on the one hand and obligations 
of the scientists towards the society on 
the other. For a serious discussion, 
obsession with excellence, and undue im¬ 
portance given to science administrators 
and managers must go. Excellence in the 
midst of common people emerges natu¬ 
rally, and it can be easily identified if 
the intentions are honest. Raman 
demonstrated this in his life, and fortu¬ 
nately his views on ‘centre of excellence’ 
have also been recorded by Ramaseshan^. 
I quote a few sentences: ‘... I strongly 
believe that fundamental science cannot 
be driven by instructional, industrial, 
governmental or military pressures.... 
Among the many qualities called for in 
a person who assumes this responsibility 
are scientific integrity, vision, receptive¬ 
ness to new ideas and the enlightened 
outlook to let younger people grow un¬ 
hindered to their full height...’ 

The scientists in top positions have 
shown ideological elasticity to suit politi¬ 
cal leadership of the day. To take a very 
impprtant example, at the Prime Minister’s 
initiative in 1976, Indian Science Con¬ 
gress focused attention on rural develop¬ 
ment. Since then started the convention 
of focal themes. The idea as such is quite 
good. But what has happened to this? 
The task forces were established, and 
recommendations for follow up actions 
were made'®. I list some of them; 


.. Social responsibilities of scientists; 
Assessment and improvement of biofer¬ 
tilizers utilizing genetic engineering tech¬ 
niques wherever possible and the 
possibility of their utilization on a large 
scale in agriculture; Protection of tribals 
and weaker groups from exploitation of 
their natural resources; Universities and 
institutions should be adequately funded 
in order to (a) revise the standard of 
scientific education, (b) provide long- and 
short-term training for young scientists 
to deal with socioeconomic problems, and 
(c) operate extension wings to enable 
laboratory findings to reach the rural 
areas; Engineering expertise should be 
pooled and tied up with prime plant 
manufacturers for standardization of 
plants and equipment, which may reduce 
lead time and optimize investment.’ These 
are very significant and relevant sugges¬ 
tions for the country, but the science 
establishment has not shown any en¬ 
thusiasm and commitment to implement 
them. Today economic liberalization has 
led top scientists to find virtues in 
privatization of higher education, univer¬ 
sity-industry interaction, markedsm of 
R&D, and shift from rural people to 
limiting ‘tertiary education’ for selected 
few. The conclusion is that not only have 
they (i.e. top scientists) failed, they cannot 
be trusted for an independent and fair 
stand. 

It has been advised that the science 
administrators who have failed to deliver 
the goods should retireand the demand 
for a white paper has been made by 
C. N. R. Rao*^. Both the suggestions 
deserve to be implemented. 

Corrective measures 

Attention is drawn to the suggestions 
made earlier^^ with some clarifications 
here. The reason for the abolition of 
centres of excellence in universities has 
already been elaborated in the present 
article. However, in case of doubts their 
performance and the psychological impact 
of these centres on the rest of the faculty 
may be evaluated in open and transparent 
manner. The newly set up National Accre¬ 
ditation and Assessment Council of the 
UGC may look into this matter. I shall 
briefly state few more corrective 
measures. No person after retirement 
should be appointed on any administra¬ 
tive, Government’s policy-making body 
or in the selection committees. The system 


of students’ union and teachers’ associa¬ 
tion in the universities and colleges should 
be abolished; instead, a scheme for redres- 
sal and a vigilance council may be for¬ 
mulated. The hierarchical system of 
teaching positions should be discontinued. 
To check inefficiency and cormption in 
the administration, a computerized system 
and reduction of present ministerial staff 
to less than 25% should be considered. 

Role of academies 

In a recent editorial candid observations 
about the Academy have been made by 
Balaram^'^, and first report on higher 
education by the Indian Academy of 
Sciences has been published^ It is inter¬ 
esting to note that in UK a group called 
National Academies Policy Advisory 
Group was established in 1992, and the 
first report has come out on Intellectual 
Property and the Academic Community 
Whether our Academy has been inspired 
by that is not important, the step taken 
is most welcome. S. W. Hawking was 
elected FRS in 1974 ‘while holding the 
lowly position of research assistant at 
Cambridge’Perhaps the Indian 
Academies need to be made broad-based, 
and to learn from such examples for 
recognizing excellence. Arunachalam’s 
comment^ merits serious consideration. I 
think as a policy the office bearers of 
the Academies should not be chosen from 
amongst those holding administrative 
posts in the government. 

In my opinion, the role of Academies 
in revitalizing Indian science and educa¬ 
tion can be very profound. Awareness, 
action and accountability could be the 
focus of attention. 

Awareness, Information dissemination 
on policy matters, and fomm for discus¬ 
sion and debate on the issues. Current 
Science has done praiseworthy beginning 
in this direction. The editorial'^ has made 
explicit this policy; however, I may 
remark that even now only less than 10% 
of the space is devoted to this aspect 
(e.g. less than 90 pages out of 976 pages 
in volume 66 (1994)), which includes all 
categories of articles published on the 
policy matters. Further the reach of the 
journal is limited; therefore, a cheap 
volume of reprint collection of the articles 
published during the last 3-4 years on 
this topic may be published by the 
Academy for students and teachers in 
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colleges. A scheme whereby the sub¬ 
scribers of Current Science may be 
motivated to gift one year subscription 
to someone in colleges may be initiated. 

Action. The Academies can do certain 
things without depending on the govern¬ 
ment policies. For example, making avail¬ 
able small grants for writing books to 
college teachers, and setting up of a 
national teachers scheme. In the latter 
case, the fellows selected as national 
teachers shall be required to spend a 
minimum of one month in a college, and 
three months in an academic year at 
different colleges. During their stay, for¬ 
mal lectures and informal interaction with 
the students and teachers will be their 
main duty. 

Accountability. Corruption in various 
forms has become rampant in research 
and teaching. The Academies can play a 
very effective role in dealing with this 
problem. Scientists and Academics found 
guilty in plagiarism or other frauds can 
be blacklisted: their work will not be 
published, their fellowships or titles 


awarded by the academies shall be 
withdrawn, and their names along with 
their malpractices shall be made public. 

Conclusion 

We have enough strength and capability, 
which need to be properly utilized; there 
are many creative minds, they only need 
to be identified. The sense of belonging 
and involvement in the system by all 
ordinary scientists and Academics should 
be cultivated. Frustration, helplessness and 
servile mentality must go; obviously, hard 
and unpleasant (for few) actions may be 
necessary for that to happen. 

1. University Education in Science, Academy 
report, Curr. ScL, 1995, 68, 255-267. 

2. Mahajan, S. M., Curr. Sci., 1994, 67, 503- 
508. 

3. Mukunda, N., Curr. Sci., 1995, 68, 570- 
572. 

4. Sriram, M. S., Curr. ScL, 1995, 68, 235- 
236. 

5. Murthy, T. K. S., Curr. ScL, 1995, 68, 
7-9. 

6. Arunachalam, S., Curr. Sci., 1995, 68, 23- 
24. 


7. Nityananda, R., Curr. Sci., 1994, 67, 767- 
768; Vidyasagar, M., Curr. ScL, 1994, 67, 
769-770; Jayakrishnan, A., Curr. Sci., 1995, 
68, 9-10. 

8. Rao, C. N. R., Frontline, 12 March 1993. 

9. Ramaseshan, S., Prajna, 1987-1988, 123- 
124. 

10 Consolidated Report on the Recommenda¬ 
tions of the Indian Science Congress Ses¬ 
sion 1976-1980, Department of Science & 
Technology, New Delhi. 

11. Narasimhan, N. S., Curr. Sci., 1994, 67, 
772-773. 

12. Rao, C. N. R., The Times of India, 5 
August 1993. 

13. Tiwari, S. C., Curr. Sci., 1994, 66, 10-14. 

14. Balaram, P., Curr. ScL, 1995, 68, 233. 

15. Nature, 1995, 374, 398. 

16. Current Contents, 1995, 35, 3-7. 

17. Ramaseshan, S. and Balaram, P., Curr. 
ScL, 1995, 68, 5. 

18. Gupta, Y. P., The Hindustan Times, 21 
February 1995; Paintal, A. S., Curr. ScL, 
1994, 66, 905-907. 


S. C. Tiwari 

Department of Physics, 

Banaras Hindu University, 

Varanasi 221 005, India. 


NEWS 

1994 Kalinga Prize 

The 1994 Kalinga Prize for the 
popularization of science has been 
awarded to Nikolai Nikolaevich Drozdov, 
Associate Professor of Biogeography at 
the Moscow State University. 

Established by UNESCO in 1951, it is 
an annual award of £1000 based on a 
grant to UNESCO from B. Patnaik of 
the state of Orissa, India, the founder 
and President of Kalinga Foundation 
Trust. With the 1994 awardee, the tally 
now stands at 49 personalities from 19 
countries (Jain, N. C., Curr. ScL, 1994, 
66, 618-620). 

A graduate of Moscow University in 
1963, Dr Drozdov has done his doctorate 
in 1968 on the ornithofauna of the deserts 
of the USSR. 

While working at the Australian 
National University (Canberra), he pub¬ 


lished a book called The Flight of the 
Boomerang about his journey through 
Australia, about animals, nature and nature 
conservation. It instantly became a best¬ 
seller and over 100,000 copies of its two 
editions published in 1980 and 1988 were 
sold out within a couple of weeks of its 
release. For the last twenty-three years 
Dr Drozdov has been presenting a 
bimonthly television programme called 
In the World of Animals. This highly 
popular one-hour programme on animal 
life in the vast CIS territory is watched 
by approximately 200 million viewers. In 
1992 he won the Golden Panda for 
outstanding achievement at the 
Wildscreen Festival in Bristol. In 1989 
he was included in Global 500, a list 
drawn up by the United Nations Environ¬ 
ment Programme of the world's leading 


ecologists and specialists in environmental 
protection. 


New appointments 

Dr V. S. Ramamurthy, 53, has taken over 
as Secretary of the Department of Science 
and Technology in place of Dr P. Rama 
Rao on 1 July. Ramamurthy, a nuclear 
physicist, was earlier the Director of the 
Institute of Physics, Bhubaneswar. 

Dr R. A. Mashelkar, 52, has taken over 
as Director-General of the Council of 
Scientific and Industrial Research in place 
of Dr S. K. Joshi on 1 July. Mashelkar, 
a chemical engineer, was the Director of 
the National Chemical Laboratory at Pune. 
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Oxide electronics 

C N. R. Rao 

Metal oxides have emerged as promising electronic materials of the 21st century. 


Silicon occupies a preeminent position in 
electronics today and this unique status 
of Si will probably remain for many years 
to come. Compound semiconductors such 
as GaAs were considered to be good 
candidates to replace Si because of their 
versatility, but this is far from happening. 
Yet, one is tempted to ask the question 
‘Will there be a material or a class of 
materials as good as or superior to 
silicon?’. Considering the wide range of 
properties exhibited by them, metal oxides 
would appear to be the likely contenders. 
The nature of bonding in oxides can vary 
anywhere between ionic and metallic or 
covalent. Oxides also exhibit a pheno¬ 
menal range of electronic and magnetic 
properties'’^ . Thus, we have oxides with 
metallic properties (e.g. RUO 2 , Re 03 , 
LaNi 03 ) at one end of the range and 
oxides with highly insulating behaviour 
(e.g. BaTi 03 ) other. There are also 
oxides that traverse both these regimes 
with change in temperature, pressure or 
composition (e.g. V 2 O 3 , Laj_^Sr^Co 03 ). 
Interesting electronic properties also arise 
from charge density waves (e.g. 
KQ 3 M 0 O 3 ), charge ordering (e.g. Fe 304 ) 
and defect ordering (e.g. Ca 2 Mn 205 , 
Ca 2 Fe 20 g). Oxides with diverse magnetic 
properties anywhere from ferromagnetism 
(e.g, Cr 02 , SrRu 03 , La^gSr^glMnOg) to 
antiferromagnetism (e.g. NiO, LaCrOg) 
are known. Many oxides possess switch- 
able orientation states as in ferroelectric 
(e.g. BaTi 03 , KNb 03 ) and ferroelastic 
(e.g. Gd 2 (Mo 04 ) 3 ) materials. No discovery 
in solid-state science has created as much 
sensation, however, as that of high- 
temperature superconductivity in cuprates^ 
Although superconductivity in transition 
metal oxides has been known for some 
time, the highest reached was around 
13 K; we now have oxides with T^’s in 
the region of 160 K, which is not far 
from the lowest temperature recorded on 
earth (183 K). The discovery of high- 7 ^ 
cuprates has focused worldwide attention 
on the physics, chemistry and materials 
applications of metal oxides. 

Many applications of oxide materials 
in electronics are already known. They 


range from the use of oxides as insulators, 
capacitors, piezo-electric and pyroelectric 
materials, sensor materials, varistors, solid 
ionics, transparent conductors, and in 
magnetic and optical devices. In such 
applications, oxides are used in the form 
of bulk solids or thin films, generally in 
polycrystalline form. Fine ceramic techno¬ 
logy is based on the control of grain size 
on the micrometer scale. Use of nano¬ 
particles of oxidic materials is also gaining 
importance. With the progress in 
microelectronics, there has been much 
interest in the fabrication of thin films, 
especially in the epitaxial (high-quality 
single crystal) phase. A current concern 
in the development of large integrated 
silicon electronics is focused on high 
dielectric constant oxide films for 
capacitors and nonvolatile memories. In 
this context, heteroepitaxial growth of 
perovskite-type oxide films on silicon sub¬ 
strates is of great interest. Extensive inves¬ 
tigations are being conducted for this 
purpose by employing various methods 
such as vacuum evaporation, sputtering, 
chemical vapour deposition (CVD), sol- 
gel process, pulsed laser deposition, and 
molecular beam epitaxy (MBE). Films 
fabricated hitherto are by no means exotic 


and possess crystal structures of known 
perovskites, possibly with minor modifica¬ 
tions. 

The phenomenon of giant magnetoresis¬ 
tance (GMR), that was known earlier in 
metallic bilayers and magnetic semicon¬ 
ductors, has recently been found to occur 
in oxides as well. In the last year, there 
has been intense research on perovskite 
oxides of the type Laj_^A^Mn 03 
(A = alkaline earth) exhibiting GMR"'. 
GMR is found in bulk oxides as well as 
in films and this property will clearly be 
exploited for several applications. 

One of the highlights of advanced 
electronics research today relates to arti¬ 
ficially designed structures to test device 
concepts based on quantum effects (quan¬ 
tum dots, wires and wells). For this pur¬ 
pose, investigations on atomic control and 
characterization of heterostructures are 
underway in many laboratories. These 
structures are all based on Si and related 
materials. Until recently, such atomically 
engineered oxides were not explored and 
were considered impossible. The situation 
has, however, changed since the discovery 
of high-7^, superconductors. The potential 
of oxides as advanced electronic materials 
has enhanced enormously because of the 
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Figure 1. Layered lattice structure of perovskites and cuprate 
superconductors. 
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Figure 2. RHEED oscillations (0.4 nm) observed during the 
epitaxial growth of (a) SrTiOg (0 0 1) and (b) BaCuOg (0 0 1) 
on SrTiOg (0 0 1). Growth units are SrO/TiOg, respectively (after 
Kawai et al.^). 


possibility of growing novel or even un¬ 
known oxides layer by layer. It should 
be possible to fabricate a variety of hybrid 
devices and stacked unit cells or layers 
of perovskites which have good lattice 
matching with oxide substrates besides 
Si. For example, layered cuprate super¬ 
conductors can be constructed or modified 
by depositing two-dimensional lattices (or 
layers) of different compositions chosen 
appropriately. In Figure 1, we show layered 
lattice structures related to perovskite oxides 
and high-r^. cuprates. The quality of such 
lattices is established by RHEED, RBS, 
STM, AFM and other techniques. A typical 
example of atomically controlled epitaxy 
of oxides is provided by BaCu 02 , which 
is a layered cuprate^. In Figure 2, RHEED 
oscillations obtained in the growth of such 
oxide layers are shown. 

The wide range of properties of oxide 
systems certainly seems attractive com¬ 
pared to the Si/Si 02 system, where the 
oxide can only provide it insulating chara¬ 
cteristic. Valence control and impurity 
doping, readily accomplished in the case 
of Si, should be possible in oxides as 


well. In the short term, however, it should 
be possible to fabricate superconductor- 
insulator-superconductor (SIS) tunnel 
junctions exhibiting clear I-V hysteresis 
above 77 K. Such an SIS junction would 
be useful in switching devices which are 
expected to work faster than conventional 
transistors. It should be noted that there 
has already been success in fabricating 
simple devices using superconducting 
films or grain boundary and step edge 
junctions^’^. The use of oxides in com¬ 
bination with Si has also several possible 
applications in integrated devices. Clearly, 
there is much to be done in exploring 
oxides for electronic applications and in 
designing oxide superlattices with unex¬ 
plored quantum functions. We have to 
find ways of doping, controlling valency 
and attaining the right carrier mobilities 
as well as in designing the right structures. 

The importance of oxide electronics 
has been recognized widely in Japan, 
where there is considerable investment in 
this area. A large number of chemists, 
physicists and engineers are working on 
the various aspects of metal oxides, start¬ 


ing from synthesis and characterization 
to device applications. The Japanese con¬ 
sider oxides as electronic materials of the 
21st century. In Tokyo Institute of Tech¬ 
nology alone, a dozen or more professors 
work in this area. It is highly desirable 
that strong interdisciplinary groups in this 
country are encouraged and supported to 
work on various aspects of oxides. 
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Noncentrosymmetric monolayers from centrosymmetric molecules - 
A fresh approach to materials for frequency doubling 


T. P. Radhakrishnan 

The age we live in is often called the 
‘electronic age’. Some recent develop¬ 
ments in physics, chemistry, materials 
science and engineering, however, indi¬ 
cate that a ‘photonic era’ is not too far 
in the future, when the role of electrons 


in information technology will be played 
much more efficiently by photons. Signs 
of the transition can already be seen, e.g. 
in fibre-optic communication systems 
utilizing electrooptic devices; many 
believe that all-photonic devices will soon 


appear. These devices for light transmis¬ 
sion, processing and storage would be 
based on a variety of nonlinear optical 
(NLO) phenomena. The nonlinearity 
refers to the second- and higher-order 
terms in electric field (E) in the expres- 
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sion for the bulk electric polarization (P ) 
of a medium, to the linear 

electric susceptibility: 

P = X^^^E + x^^^E • E + x^^^E • E ’ E ^ , 

and the other produce the different 
NLO effects; for example, x^^^ leads to 
phenomena such as frequency doubling, 
also called second-harmonic generation 
(SHG). In a centrosymmertric medium, 
reversal of E should cause exact reversal 
of P, and, as seen from the above ex¬ 
pression, this is possible only if all x^''^ 
with even n are zero. In other words, 
nonzero even-order % can be realized only 
in noncentrosymmetric systems. Frequen¬ 
cy doublers in use today employ inorganic 
crystals like potassium dihydrogen phos¬ 
phate, lithium niobate and P-barium borate 
which have noncentric arrangement of 
the atomic lattice. Recent efforts have 
been directed at exploiting the large hy¬ 
perpolarizabilities of selected organic 
molecules (like donor-acceptor-substituted 
benzenes, quinones, stilbenes, etc.) 
gathered in a suitable noncentrosymmetric 
array in a crystal, polymer matrix or thin 
film. Large molecular hyperpolarizabilities 
which lead to high bulk values are 
usually associated with strong intra-. 
molecular charge transfer in the molecular 
dipoles. 

Obtaining a noncentrosymmetric array 
of molecules is a challenging problem. 
A noncentrosymmetric molecule with a 
permanent ground state dipole moment 
does not guarantee a noncentrosymmetric 
crystal lattice. On the contrary, they often 
form centrosymmetric crystals. However, 
it is the common experience so far that 
if one is to fabricate noncentrosymmetric 
lattice, one should build it with a non¬ 
centrosymmetric molecule, not a 
centrosymmetric one, though there are 
rare exceptions where centrosymmetric 
molecules with octupolar moments have 
formed noncentric lattices which showed 
moderate SHG. Crystal engineering utiliz¬ 
ing H-bond interactions, chirality, etc., to 
build noncentric lattices, growth of 
Langmuir-Blodgett (LB) films of the X 
or Z type, where molecules are deposited 


in a head-to-tail fashion and electric field 
poling of molecular dipoles embedded in 
a matrix or attached to polymer chains 
are some of the common approaches to 
obtain noncentric arrangement necessary 
for SHG materials. 

With this background the recent report 
by Ashwell and coworkers* on the detec¬ 
tion of very strong SHG from centrosym¬ 
metric squarine dye molecules (Figure 1) 
deposited as LB films comes as an inte¬ 
resting surprise. Crystal structure of 1 is 
found to be centrosymmetric, belonging 
to the P2j/c space group and the diphenyl- 
substituted squarine moiety is flat and 
centrosymmetric. As expected, the crystals 
showed no SHG but the LB films (though 
of poor quality) were found to be SHG- 
active. Ashwell and coworkers report that 
2 and similar systems (with R = other 
alkyl groups) provide better films and 
reproducible SHG which is among the 
highest seen so far in LB films. Reflec¬ 
tivity studies indicated that the LB films 
consisted of monolayers with the chromo- 
phores lying nearly parallel to the sub¬ 
strate surface. Absorption spectra of the 
films showed characteristic bands due to 
intermolecular charge transfer in the 660- 
690 nm range depending on the film 
deposition pressure. 

The crystals of 1 consist of noncentric 
chromophore dimers which arrange them¬ 
selves in a centrosymmetric lattice. The 
authors, therefore, suggest that in the LB 
films of 2 and similar molecules, non¬ 
centric dimers may be present which, 
however, form a noncentrosymmetric 
array, thus enabling to be nonzero. 
Since the chromophores themselves are 
centrosymmetric, intramolecular charge 
transfers do not contribute to SHG. Inter¬ 
facial effects cannot give rise to such 
strong SHG as seen in these LB films. 
Therefore, the authors attribute the strong 
SHG to intermolecular charge transfer 
interactions in the dimer units. These 
charge transfers occur between the 
dialkylaminophenyl group of one mole¬ 
cule and the squarine moiety of the other 
in the dimer unit. It is also notable that 
a good correlation exists between the 
absorption wavelength variation from 656 


cr 



1 = R 2 = butyl 

2 Ri = methyl, Rj = hexyl 

Figure 1. Squarine dye molecules 
deposited in LB films by Ashwell et al.\ 

to 694 nm and the increase of SHG ef¬ 
ficiency as a function of film deposition 
pressure. The compression process appears 
to influence strongly the orientation of 
the chromophores (or chromophore 
dimers) in the noncentrosymmetric array. 

The LB film structure is not fully 
understood and, therefore, the mechanism 
by which the strong SHG arises has to 
be treated as tentative. Film charac¬ 
terizations were carried out on samples 
deposited on silver-coated slides, but dif¬ 
ferent film characteristics for samples 
deposited on plane glass slides used in 
the SHG studies cannot be ruled out. 
Though some of these questions remain, 
the discovery of Ashwell and coworkers 
is notable for the following important 
insights gained. There is no reason to 
believe any more that centrosymmetric 
molecules cannot be coaxed into non¬ 
centric arrays useful for SHG. Inter¬ 
molecular charge transfers can be an 
efficient mechanism to obtain large bulk 
optical nonlinearities. This work is likely 
to initiate a fresh approach to the fabrica¬ 
tion of quadratic nonlinear optical 
materials. The technological promise of 
these materials is enticing enough to jus¬ 
tify detailed investigation and appraisal 
of such novel ideas. 


1. Ashwell, G. J., Jefferies, G., Hamilton, 
D. G., Lynch, D. E., Roberts, M. P. S., 
Bahra, G. S. and Brown, C. R., Nature, 
1995, 375, 385-387. 
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Targeting RNA in the cell 




5. C. Lakhotia 


The typical textbook description of a cell 
suggests that the genetic information 
residing in the nuclearly located DNA is 
transcribed in a regulated fashion and the 
resulting RNA is processed and trans¬ 
ported to cytoplasm, where it is translated 
and the protein so made is translocated 
to specific parts of the cell for its stmc- 
tural and/or enzymatic role in the cell’s 
phenotype. However, such simplistic des¬ 
criptions do not reveal the highly ordered 
three-dimensional organization of a cell, 
where every molecule, in fact, has a 
defined dynamic location. While localized 
distribution of at least certain specific 
RNAs in cells had been known for some 
time, it has become possible only recently 
to ask how this localized distribution is 
actually achieved. Application of molecu¬ 
lar cell biological approaches has per¬ 
mitted newer insights into the three- 
dimensional molecular architecture of a 
cell and how the various molecules are 
vectorially transported within it to achieve 
the polarities that a cell has. 

It is now clearly established that not 
only is the primary act of transcription 
of a given DNA sequence regulated with 
a certain degree of fidelity, the processing 
and transport of the transcripts is also a 
highly regulated process. Studies during 
the past few years have shown that certain 
RNAs are targeted to specific subcom¬ 
partments of the cell where their trans¬ 
lational product/s are immediately needed. 
The importance of such highly specific 
subcellular localization of RNA and its 
protein product is most obvious in the 
zygote cell since the unfolding of the 
entire body organization during the 
development of the zygote depends on 
the molecular asymmetries that are esta¬ 
blished in the unfertilized or the newly 
fertilized egg. In what follows, we discuss 
some recent studies which are attractive 
for their use of novel combinations of 
microscopic and molecular techniques to 
examine (i) the structural components of 
a cell that transport RNA away from the 
site of synthesis in nucleus to its final 
location in a specific subcompartment of 
the cell, (ii) the signals that tell the 
cellular transport machinery where to 


deliver the given RNA molecule and (iii) 
the components that keep the RNA 
anchored to the desired subcompartment. 

mRNA transport and 
localization in cells: visuals of 
the process and mechanism 

It has been known that the p-actin protein 
as well as its mRNA colocalize at the 
leading edge of lamellipodia in a variety 
of ceil types’’^. Apparently, the highly 
localized distribution of p-actin mRNA 
in these cell types provides for the com- 
partmentalization of actin synthesis. It has 
been shown in several cases'^ that the 
RNA localization signal (zipcode) is 
present in the 3' untranslated region (3' 
UTR) of mRNA. Kislauskis et al.^ iden¬ 
tified the specific ‘zipcode’ sequence/s 
by fusing different lengths of the 3' UTR 
of p-actin to the reporter p-galactosidase 
{laeZ) gene; this allowed a direct 
visualization of the intracellular distribu¬ 
tion of P-galactosidase activity in trans¬ 
fected chicken embryo fibroblasts by 
simple X-gal (a chromogenic substrate 
for p-galactosidase) staining. It was shown 
that two sequence elements in the 3' UTR 
of p-actin mRNA provided the peripheral 
localization signal to the heterologous 
p-galactosidase mRNA so that in cells 
transfected with such chimeric constructs, 
X-gal staining revealed blue colour at the 
same place where the p-actin protein was. 
Of these two peripheral localizing signals, 
a 54-nucIeotide sequence was the main 
‘peripheral RNA zipcode’ while the 
homologous but less active 43-nucleotide 
sequence, present further downstream, 
was composed of ‘zipcode elements’. The 
basic elements of these ‘zipcodes’ were 
identified as AATGC and GGACT, which 
act in concert so that multiple copies of 
each provide a stronger peripheral 
localization signal. These authors suggest 
that the high A/C content in the 54- 
nucleotide zipcode may also have a role 
in peripheral localization of the P-actin 
mRNA. It was also seen that addition of 
complementary oligonucleotides against the 
RNA zipcode delocalized the endogenous 
P-actin mRNA and altered the organiza¬ 


tion and shape of lamellipodia and stress 
fibres, without affecting levels of the 
p-actin mRNA or protein; this showed 
that the localization of p-actin mRNA is 
essential for the phenotype of these cells. 

An answer to how the mRNA molecules 
may possibly remain anchored in cell 
cytoplasm, essential for the localized dis¬ 
tribution, has been provided in a very 
ingenious study by Bassell et al.^: single 
mRNA molecules were seen with an un¬ 
precedented resolution and accuracy to 
be anchored on actin filament intersections 
in fibroblasts. To achieve this feat, they 
used different sized gold particles to ‘see’ 
simultaneously, at the ultrastmeture level, 
the labelled oligo-dT probe hybridized in 
situ with polyA tail carrying mRNAs and 
the antibody bound to actin fibres. Fur¬ 
thermore, the oligo-dT probe hybridized 
with the polyA tails of cytoplasmic 
mRNAs was used as primer for in situ 
reverse transcription; the in situ extended 
cDNA chains and the oligo-dT-polyA 
hybrids were covisualized by immuno- 
binding of different sized gold particles. 
These results unambiguously demonstra¬ 
ted the localization of individual mRNA 
molecules specifically at intersections of 
actin filaments. These studies also 
revealed that the mRNA at these inter¬ 
sections remains in a circular rather than 
an extended or linear conformation; this 
may help explain the interactions between 
the 3' and 5' ends of mRNA that are 
important in regulating translation. 

Directed transport and localized 
anchorage of mRNA during 
oogenesis in Drosophila 

The stages of oogenesis provide a remark¬ 
able material for study of localized RNAs 
and the mechanisms that regulate the 
spatial order in the distribution of different 
transcripts in different regions of oocyte. 
It is this asymmetric but highly ordered 
distribution of different macro molecules 
in the egg that determines the subsequent 
cascades of determination events in early 
embryonic development. The large body 
of genetic data has made Drosophila eggs 
a material of choice for such studies. 
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During oogenesis in Drosophila, the 
growing oocyte is nourished and provided 
with all its RNAs and proteins by the 
15 sister nurse cells and the surrounding 
follicle cells. The nurse cells synthesize 
the different RNAs and proteins which 
are transported through intercellular con¬ 
nections to the growing oocyte, where 
each of these gets localized in a highly 
ordered and reproducible manner. Among 
the several different RNAs that are loca¬ 
lized in Drosophila oocyte and have 
important roles in embryonic develop¬ 
ment, those produced by the bicoid, oskar 
and nanos genes are critical for anterior- 
posterior axis determination^. The bicoid 
{bed) RNA in mature oocyte is localized 
to the anterior margin and remains con¬ 
fined to the anterior region of embryo, 
where it directs the development of 
anterior structures’’ Likewise, transcripts 
of the nanos and oskar (osk) genes are 
located at the posterior pole of the egg 
and are crucial for the posterior develop¬ 
ment’. 

The localized distribution of these 
nurse-cell-produced transcripts in oocyte 
results from a series of events during 
oogenesis; a number of earlier acting 
genes are known to affect movement and 
the characteristic localization of these 
polarly located early determinants or mor- 
phogens’. The staufen (stau) gene plays 
a critical role in the last step of bed 
RNA localization, i.e. its release from 
the egg cortex of mature oocyte into 
anterior cytoplasm of activated egg and 
early embryos, stau is also important in 
the final stages of posterior localization 
of the osk mRNA in the egg’. 

Pokrywka and Stephenson^ found that 
bed, osk and certain other RNAs were 
dynamically associated with cytoskeletal 
elements during different stages of 
oogenesis. These authors developed a 
simple procedure for fractionation of 
detergent-insoluble cytoskeleton from the 
soluble components of developing oocytes 
and showed that the association of bed 
RNA with detergent-insoluble pellet was 
dependent on the stage of oogenesis. In 
the mature oocyte when bed transcripts 
remain in the egg cortex at the anterior 
end, all of these were bound to cyto¬ 
skeleton elements, but after egg activation, 
most of the bed RNA was recovered in 
the soluble fraction. Like the bed, the 
osk transcripts also showed a dynamic 
association with cytoskeletal components 
during oogenesis. 


Identification of the various proteins 
associated with the pellet and soluble 
fractions through Western blotting led 
Pokrywka and Stephenson^ to conclude 
that microtubules, and not microfilaments, 
are required for the assorting of bed RNA 
in the pellet fraction and the pellet fraction 
is enriched in components required for 
stable anchorage of bed RNA rather than 
in elements required for initial localization 
events like transport or docking. It was 
also clear that the localization of bed 
transcripts in nurse cells and in deeper 
cytoplasm of egg involves different 
mechanism than localization in the 
anterior cortex of mature oocyte, which 
alone was pellet-associated. 

The stau protein has a very interesting 
role in localization of both osk and bed 
RNAs at opposite ends of the egg. In 
the case of osk RNA, it has been known 
that the stau protein is associated with 
osk RNA to mediate its binding with 
cytoskeletal components that transport the 
complex to the posterior pole^°. Other 
studies have shown that the plus ends of 
microtubules within the oocyte are 
polarized towards the posterior pole^^ A 
visual demonstration of the posterior 
facing of the plus ends of microtubules 
in oocyte was provided by Clark et al}^ 
in flies transformed with a chimeric gene 
having the kinesin domain on its 5' end 
and the p-galactosidase coding region on 
the 3' end: this fusion protein retains the 
properties of kinesin (moving along 
microtubules towards their plus ends) and 
also shows p-galactosidase activity, which 
can be cytochemically visualized as blue 
staining with the X-gal substrate. Since 
all the blue staining p-galactosidase acti¬ 
vity was seen to move posteriorly (due 
to the kinesin domain) in oocytes of these 
flies, it was obvious that the microtubules 
in oocytes are highly polarized with their 
plus ends pointing posteriorly. Viewed in 
this context, it becomes clear that binding 
of the stau protein with osk transcripts 
facilitates attachment to microtubules for 
transport of the osk transcripts to the 
posterior pole. Once the osk transcripts 
are delivered at the posterior pole, the 
stau protein is freed and quickly recruited 
for bed localization. 

Ferrandon et alP have very convin¬ 
cingly documented a mutual binding of 
the stau protein with the bed RNA and 
the interaction of this complex with 
microtubules. These authors used an RNA 
injection assay to map the 3' UTR of 


bed RNA necessary for anterior localiza¬ 
tion and to visualize its specific interaction 
with the stau protein. In vitro transcribed 
bed RNA (full-length mRNA or the 3' 
UTR or variously mutated 3' UTR) was 
microinjected at ectopic sites in 0 to 
1 h-old embryos (the endogenous bed 
transcripts at this stage are anteriorly 
localized), and following a brief chase, 
the embryos were fixed to immunologi- 
cally monitor the distribution of stau 
protein: the normal bed 3' UTR rapidly 
recruited the stau protein around itself to 
result in microscopically visible ag¬ 
gregates which moved during cell cycle 
stages in microtubule-dependent manner. 
Using deletions and linker-scanning sub¬ 
stitutions, three noncontiguous localiza¬ 
tion signals in stem III and distal regions 
of stems IV and V of the predicted 
secondary structure of the bed 3' UTR 
were identified. The jr^w-dependent 
localization of bed RNA at the time of 
egg activation and its earlier stau-indo.- 
pendent localization to anterior cortex of 
oocyte use different but overlapping 
sequence signals. Aggregation of the cel¬ 
lular stau protein in early embryos with 
the microinjected appropriate bed 3' UTR 
RNA and their movement with micro¬ 
tubules showed that the bed transcripts 
and the stau protein are dependent on 
each other for complex formation and 
localization. It is interesting to note that 
during oogenesis the bed transcripts and 
the stau protein do not recognize each 
other; at that time the stau protein is 
involved in localizing the osk transcripts. 
Only after delivering the osk transcripts 
at the posterior pole, does the stau protein 
quickly move to the anterior of egg and 
bind with the bed RNA for its localization 
and anchorage at the anterior region. Since 
in both the oocyte and embryos the 
localization of the stau protein depends 
on the appropriate RNA {osk in oocyte 
and bed in early embryos) and vice versa, 
Ferrandon et alP suggest that perhaps 
the same microtubule motor is involved 
in both these transcript movements. How¬ 
ever, the events that make the stau protein 
change its affinity from osk to bed 
transcripts in the mature egg are not 
known. Also, if the stau-bed complex 
has to move on the same microtubule 
motors as the stau-osk complex, a change 
in the microtubule polarity may be neces¬ 
sary. 

The myelin basic protein mRNA 
when microinjected into mouse oligo- 


220 


CURRENT SCIENCE, VOL. 69, NO. 3, 10 AUGUST 1995 



RESEARCH NEWS 


dendrocytes also aggregates into large 
particles that are transported along 
microtubules in anterograde direction^"^. 
It is very likely that many more such 
examples will be known soon and a class 
of proteins will be identified that recog¬ 
nize the ‘RNA zipcodes’ and accordingly 
transport the RNA with the help of cyto- 
skeletal components and deliver them at 
the specified destination. While micro¬ 
tubules may be principally involved in 
the transport, the actin filaments may 
have a greater role in anchoring the 
localized transcripts. Also, as in the case 
of osk and bed transcript localizations 
during different stages of oogenesis, dif¬ 
ferent subsets of cytoskeletal components 
may be involved in transport as well as 
anchorage of the same RNA in a stage- 
dependent manner. With the feasibility 
of doing sophisticated biochemistry and 
molecular probing in situ in the cell at 


light as well as electron microscopic 
levels, it should be possible in the near 
future to have full graphic details of the 
movement of specific transcripts in cells 
to their destination and their anchorage 
after delivery. 
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Declining phase of quality research in our universities 

Samir Bhattacharya 


A ripple is taking the shape of a vigorous 
wave, we have ignored it for long and 
allowed it to grow, and were not careful 
enough about the power of its irreparable 
damage. I am talking about the declining 
phase of our university research environ¬ 
ment. Everyone in the academic domain 
knows in what way the job of a university 
teacher differs from a college teacher. 
Teaching and research is obligatory to 
the university teacher while the latter is 
not so for a college teacher. To sustain 
and strengthen the academic environment 
in higher education, research activity is 
a must, as feedback from research will 
keep the standard of teaching high and 
the creativity of a teacher will encourage 
the students of higher education to 
develop their finer qualities. Although 
these are known, what we are witnessing 
in our country is the fast receding of 
such a notion in university education. 
Doubtlessly, it is the university to be 
blamed for this deterioration; more 
precisely, it is the university teachers. 
Everyone is pointing to the degeneration 
of research quality in our universities, 


but there is no serious effort as yet to 
recuperate the university from this situa¬ 
tion. We have not so far been conscious 
enough about the fact that such a trend 
of low-quality research activity would 
destroy our university system, which is 
the primary productive centre of higher 
education. Masters degree is the essential 
passport for research career in any insti¬ 
tution of this country: 

Let us first see what could be the 
possible reasons for this situation. The 
present policy of merit promotion in the 
universities is a major factor, where 
quality is not the regulatory factor. A 
university teacher has to wait for a specific 
time period and her/his potentiality is 
then judged by the number of papers 
published and the number of PhD’s 
produced. Except for a few universities, 
in most of the universities the number 
of publications is one of the major criteria, 
not the quality of publications. This has 
resulted in the mushroom growth of 
private journals (published by a person), 
where peer review system does not 
operate and money is the prime objective. 


If one pays the publication charges, a 
paper will be immediately published. Such 
an easy way of increasing the number 
of publications and then claiming the 
promotion has two pronged injurious 
effects on the academic environment; (i) 
it substantially reduces the desire for 
quality research among the teachers and 
(ii) it dampens the spirit of a young 
incumbent in the university. One may 
presume it to be impossible as members 
of selection committee should definitely 
scrutinize the quality of publications. Un¬ 
fortunately, this usually does not happen 
in the majority of universities even if the 
post is an open post. The system of 
selection sometimes includes allocation 
of marks for the number of publications 
and not for the quality of publication. A 
person who may have two high-quality 
publications in well-reputed international 
journals may not be selected against a 
person who has ten publications in un¬ 
refereed low-quality journals. Another 
harmful trend is the yield to local pressure 
by the university authorities where the 
presence of political milieu worsens the 
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situation. In such an atmosphere it is 
difficult to select a genuinely strong 
academic person with good research back¬ 
ground; consequently, many a time the 
best person desiring to start a career in 
the university suffers from frustration. 
The cumulative result of all these is 
leading the universities towards a bad to 
worse situation. However, after entering 
the university as a lecturer or an assistant 
professor, a person finds that for promo¬ 
tion quality is not the criterion, quantity 
is the major thrust and therefore her/his 
attempt is to produce more papers in 
unrefereed, below-the standard journals 
and low-grade Ph D’s. She or he will 
probably get more persons in support 
from the faculty than a person with the 
will of producing quality research. Thus, 
when more faculty members are on the 
other side, a real potential creative re¬ 
searcher does not find a congenial en¬ 
vironment and of the two options, i.e. 
submitting to the other side or facing the 
odd environment throughout life, the 
former appears to be easier. 

The total aspect has a snowball effect, 
the research students trained by these 
teachers will never look for quality re¬ 
search, they will rather waive the pos¬ 
sibility of good research to dominate the 
situation. Recruitment is naturally being 
influenced by this faculty structure and 
by all chance one of the low-grade 
Ph D’s will get the opportunity and such 
a person is expected to repeat the bad 
trend and this will go on. This is exactly 
what is happening today. 

Another crucial drawback of the univer¬ 
sities to create research environment is 
their poor infrastructural facilities. Univer¬ 
sities are suffering from acute financial 
crisis. A major portion of their sanctioned 
money goes to salaries and wages, the 
remaining thin portion is not even enough 
to provide a reasonable infrastructure for 
teaching. Research assistance, therefore, 
is being kept at abeyance. At least a few 
university teachers who really want to 
do good research are not getting any 
support from the university. To them one 
of the criteria for the job appears to be 
meaningless: how can one pursue research 
in this age in such a poor infrastructural 
condition. Although they might have great 
potentialities, they are unable to fight this 
odd environment and ultimately submit 
to low-quality research to keep their 
promotion avenue open. In this way 
universities are losing capable and strong 


research workers, which is also a great 
loss to the country. One can argue that 
a person may develop infrastructural 
facilities through research projects from 
different national agencies. At the beginn¬ 
ing of research career or without in¬ 
dividual research contributions in a 
specific line, a grant to develop research 
facilities is rather difficult. The situation 
in the IITs and agricultural universities 
is somewhat different. One of my collea¬ 
gues curtly replied to my above criticism 
by mentioning that after spending a huge 
grant on national laboratories, what is 
our return today. I have simply pointed 
out to him that one cannot improve his 
position by simply pointing out the fault 
of others. 

However, what could be the steps to 
salvage universities from this degenerative 
stage. Everyone will feel the immediate 
necessity of such steps, not only to save 
our universities from the peril, but also 
to save the future of our nation. I have 
a few suggestions: 

(1) It may be recalled that in the recent 
past the practice of the University Grants 
Commission to sanction university 
departmental posts and necessary financial 
assistance was to evaluate the academic 
progress (which included both teaching 
and research curricula) of the department 
by means of a visiting committee, fol¬ 
lowed by the recommendation of this 
committee. This practice has been stopped 
for long. It is high time to invoke this 
practice again as evaluation of academic 
performance will compel the departments 

improve their quality. This will provide 
an incentive to research since the com¬ 
mittee may recommend open posts on 
certain subjects as per the performance. 

(2) In the open posts, weightage should 
be given to the capability of a person 
instead of time-bound experience. 

(3) There should be a ban on giving 
credit for publication in unrefereed jour¬ 
nals. 

(4) Assessment of the number of Ph D’s 
produced by a teacher should be based 
on the publications from a particular thesis 
in refereed journals. 

(5) The scope of Ph D registration by a 
part-time student (without any research 
fellowship) should be very limited as this 
category is now a. major source in in¬ 
creasing the number of Ph D’s of a univer¬ 
sity teacher. Part time PhD registered 
students are usually not very much in¬ 
clined to do quality research, their objec¬ 


tive being just to get a degree, and univer¬ 
sity teachers, on the other hand, get an 
easy community to increase the number 
of PhD’s produced by them. 

(6) Both for recruitment and promotion, 
citation index of publications should be 
given prime importance; this will enable 
recruitment and promotion of the best 
person among the applicants. Moreover, 
it will waive the present trend of publi¬ 
cation in unrefereed journals; these jour¬ 
nals are not indexed. 

(7) Steps should be taken to provide 
infrastructural facilities for research 
activities. 

(8) There should be an effective interac¬ 
tion between the university teachers and 
the research scientists of the national 
laboratories funded by CSIR, DST, DBT, 
ICMR, ICAR, etc. This will be mutually 
beneficial for university teachers and re¬ 
search scientists of national laboratories 
so far as the creativity part of research 
is concerned. Moreover, university 
teachers will be able to utilize the research 
facilities of national laboratories and 
scientists from those institutes may also 
take part in teaching as this will not only 
benefit the students but also provide the 
opportunity to the scientists to have ex¬ 
change with bright students of the univer¬ 
sities. Such an interaction is not difficult 
in the metropolitan cities, while building 
of national laboratories nearer to the non¬ 
metropolitan university premises may 
cause enormous gain to both research 
and teaching. 

There may be other suggestions, the 
supreme duty for all of us being not to 
stand as passive onlookers to the 
deterioration of research activity in our 
universities. It is already affecting the 
teaching adversely and will soon take the 
shape of an incurable chronic disease 
which will destroy the fixture of our 
higher-education system, the worst suf¬ 
ferers being our future young generations. 
A day will come when a Master’s degree 
holder in science will speak in a different 
language which will not be communicable 
to the advanced arena of science, and 
higher degree from the university will 
completely lose its credibility. Still there 
is time and hope, and steps to resuscitate 
the universities should be initiated imme¬ 
diately. 


Samir Bhattacharya is in the Department 
of Zoology, Visva-Bharati University, 
Santiniketan 731 235, India. 
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Implications of recent levelling observations for Tehri and other 
high dams in the Himalaya 


Seismic hazards around the Tehri and 
other existing and proposed high dams 
in the Himalaya are a matter of concern 
to many people. The magnitude and 
dimensions of the problem appear to 
increase with every new set of geophysical 
and geological data gathered from the 
Himalaya. But the flexibility and readiness 
of the people involved to improve their 
designs for the dams transparently in the 
light of the evolving perceptions about 
seismic hazardsis not evident to us at 
least. Still, we buttress further in this 
article the evidence for an aspect of seis¬ 
mic hazards in the Himalaya. 

A set of repeat geodetic levelling obser¬ 
vations^ obtained in Nepal (Figure 1 and 
2d) during the last two decades vividly 
reveal the ongoing deformation of the 
Himalayan upper crustal rocks in response 
to the relative convergence of Indian and 
Eurasian lithospheric plates. Laterally 
localized near-surface deformation is 
superimposed on broader-scale crustal 
strains (Figure 2). We provide here an 
explanation for some of the more loca¬ 
lized elevation changes observed in 
Nepal and consider their seismic hazard 
implications. 


The Nepal levelling data 

Jackson and Bilham^ have recently pub¬ 
lished the results of two successive sets 
of levelling observations across the width 
of Nepal along the main north south 
highway through Kathmandu (Figure 1). 
The period elapsed between the two sets 
varied between 2 and 13 years. Figure 
2(2 is a display of the observed annual 
rates of elevation changes along a line 
normal to the local trend of the Himalaya. 
Figure 2 a is created by projecting the 
benchmark positions along the winding 
highway onto a horizontal straight line 
oriented along N 10°. Jackson and Bil- 
ham^ have provided an interpretation of 
the relatively longer wavelength features 
of the curve displayed in Figure 2 a by 
postulating a slip rate of 5 mm/yr on the 
detachment (Figure 2 c), an intracrustal 
thmst fault type of surface of separation 
between the Himalayan rocks above and 
the relatively northward-moving Indian 
shield material below^. 

Data from only the southern Nepal are 
shown in Figure 2 a for three reasons. 
Firstly, distance-dependent random errors 
in levelling observations grow northward 


from the southern end of the levelling 
line^. Secondly, as the levelling line 
approaches the main central thrust (MCT), 
the effect of plate convergence accom¬ 
modated along a major ramp in the detach¬ 
ment becomes prominent in the form of 
a large-amplitude, long-wavelength signal 
in the elevation change observations^. This 
is not of interest in the present context. 
Thirdly, most of the river valley projects 
and high dams that can be envisaged to 
develop the hydroelectric and irrigation 
potential of these hills are located in the 
Lesser and Outer Himalaya. 

Imbricate thrusts in the Nepal 
Himalaya 

Several shorter-wavelength signals in the 
Nepalese levelling data deserve explana¬ 
tion also. We show in Figure 2 c our 
interpretation of the two most prominent 
of these features on the assumption that 
they could be associated with slip on 
relatively steeper near-surface thmst 
faults. Similar faults could be conceived 
for other less prominent short-wavelength 
features in the data. Such shallow-level 
and relatively steep dipping thmst faults 
are called imbricate thrust^. They occur 
in suites and are associated with a major, 
deeper thrust fault dipping at a compara¬ 
tively gentler angle®. Although geological 
mapping in different parts of the Himalaya 
is still far from complete, numerous imbri¬ 
cate thrust faults have been mapped 
already^’ Since precise locations of 
benchmarks used by Jackson and Bilham^ 
have been masked, it is not possible to 
associate the imbricate thmsts postulated 
by us in Figure 2 c with specific thmst 
faults mapped in the Nepal Himalaya. 
The possibility also exists that the 
geodetic observations may have revealed 
imbricate thmsts which are as yet ‘blind’ 
or concealed below the ground surface. 

Role of imbricate thrusts during 
a great thrust earthquake 

Since the observations reported in Figure 
2 a were taken during a period when no 
major earthquake had occurred in the 
region, they reveal aseismic cmstal defor- 



Figure 1. Location of the levelling line in Nepal. MFT-main frontal thrust; MBT- 
main boundary thrust; MCT - main central thrust. 
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Distance across the Himalayan trend (km) 

Figure 2. a, Comparison of observed and calculated rates of ground elevation changes 
in southern Nepal, b, Profile of topography along the projected line, c, The model 
used to compute the results shown In (a). The dotted parts of the fault model were 
also considered by Jackson and Bilham® to explain the long-wavelength features. Solid 
lines indicate the imbricate faults suggested by us to explain two short-wavelength 
features in the observations. The numerals shown against faults represent the postulated 
annual slip rates (mm/yr) on the respective faults to explain the observations. 


mation. It is not unreasonable to surmise 
that these imbricate thrusts will be reacti¬ 
vated also in the next great earthquake 
of the region. These faults could be loci 
of large relative slips between rocks across 
them. Significant ground level changes 
may occur in regions near their updip 
terminations. Concomitant high particle 
velocities and accelerations may be ex¬ 
pected in these pockets during great 
earthquakes. Ample evidence of this has 
been documented in the literature. 

Oldhamsurveyed the changes in the 
ground surface brought about in the Shil¬ 
long plateau region during the great 
earthquake of 12 June 1897. He reported 
surface-breaking faults near the northern 
border of the Shillong plateau. He esti¬ 
mated relative ground level changes of 
up to about 12 m near these faults. 
Although Oldhamestimated that the 
faults were subvertical, Gahalaut and 
Chander^^ have surmised that they could 
be imbricate to the major mid-crustal 
thrust fault in which the main rupture of 
this earthquake occurred. The 1897 
earthquake caused the ponding of south¬ 
flowing rivers in the southern part of the 
Shillong plateau^*. This too could be ex¬ 


plained with coseismic activity on imbri¬ 
cate thrust faults under southern Shillong 
plateau^^. Finally, Oldham^ ^ argued lu¬ 
cidly from the evidence of boulders 
thrown into air during the earthquake that 
ground acceleration exceeding g (accelera¬ 
tion due to gravity) occurred during that 
earthquake. We suggest that slip on a 
nearby imbricate thrust was involved in 
this case also. It is important to recall 
that Oldham^^ has given exactly the same 
explanation for these observations. How¬ 
ever, he used the phrase ‘secondary and 
tertiary reverse faults’ instead of ‘imbri¬ 
cate thrust faults’. The hazard implication 
of this observation of high acceleration 
has been remarked by Khattri^ also. 

Byrne et alP investigated the source of 
the 1945 Makran earthquake and suggested 
that prominent uplift along a narrow coastal 
belt could be due to slip on a shallow 
fault imbricate to the deeper detachment- 
type plate boundaiy in the Makran sub- 
duction zone. Barrientos and Ward^"^ and 
Plafker’^ also referred to significant activity 
on imbricate thrusts extending up from the 
main plate boundary thmst faults associated 
with the great Chile earthquake of 1960 
and the great Alaska earthquake of 1964. 


Implication of imbricate thrusts 
for civil engineering structures 
in the Himalaya-the concept of 
the nearest active fault 

An important consideration for the design 
of a critical civil engineering structure, 
such as a dam or a nuclear reactor, 
especially from the standpoint of seismic 
hazards, is the distance of the site from 
the nearest active fault. Ordinarily, the 
distance between an engineering site and 
a surface-breaking active fault is deter¬ 
mined on a geological map. However 
geodetic and other geophysical tech¬ 
niques, such as earthquake observations, 
can lead to identification of subsurface 
active faults also. Geodetic techniques 
have the advantage that even aseismically 
active faults can be detected. 

Recent investigations of great Hima¬ 
layan earthquakes have led to the con¬ 
sensus that they occur by extended 
ruptures in the detachment^’The 
depth of the detachment has been esti¬ 
mated to be less than 5 km under the 
main frontal thrust (MFT) and about 17 
km under the mCT^’T hus, 
there is at least one active fault beneath 
every engineering site in the Outer and 
Lesser Himalaya. If some faults imbricate 
to the detachment could be active in this 
Himalayan domain, as has been remarked 
elsewhere on geological grounds^’ 
and shown to be the case in the Nepal 
Himalaya through geodetic observations, 
then they could be potentially even nearer 
to an engineering site than the detachment. 

On the Tehri dam site 

The Kumaun-Garhwal Himalaya, includ¬ 
ing the region around Tehri dam site in 
Garhwal (Figure 3), has been investigated 
geologically, especially in the recent 
decades. The monograph by Valdiya^^ is 
an important source book for the geology 
of the Lesser Himalaya of the Kumaun- 
Garhwal region. Valdiya^’ and 

others^^^^^ have documented geomorphic 
and other geological evidence for neotec- 
tonic and even continuing tectonic defor¬ 
mation in different longitudinal and 
transverse segments of the Kumaun- 
Garhwal Himalaya. This includes sugges¬ 
tions about possible deformation along 
imbricate thrusts. See the discussion sec¬ 
tion below for a limitation of the geologi- 
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Figure 3. A randomly selected geological map of a section of the Lesser Himalaya 
showing some of the mapped thrust faults (after Valdiya^°). Smaller unnamed faults 
hading northerly are imbricate faults. 


cal inference regarding the activity of 
faults. 

The 1991 Uttarkashi earthquake^^ and 
recent seismicity observations^"^"^^ provide 
further confirmation about the active or 
ongoing tectonics of the Garhwal region. 
There was damage at Tehri during the 
great Kangra earthquake of 1905 (ref. 
36). The rupture models proposed by 
Seeber and Armbruster^, Chander^^ and 
Gahalaut and Chander^^ suggest that the 
detachment under the NW Garhwal Lesser 
and Outer Himalaya slipped during the 
earthquake. Epicentres of many small and 
microearthquakes have been located 
within about 10 km of the Tehri dam site 
through observations made^"^’ in the 
1980s. Composite fault plane solutions 
for some of these earthquakes suggest 
activity along high-angle reverse faults 
within the upper 15 km of the crust^"^’^^. 
These seismologically inferred reverse 
faults too could be properly called imbri¬ 
cate thrusts. However, in the absence of 
sufficiently detailed geological mapping 
as well as the inevitable uncertainties in 


the estimates of hypocentral coordinates 
it is not possible to associate these seis¬ 
mologically inferred imbricate thmsts with 
specific geologically mapped faults of the 
region. Still in our opinion this is an 
evidence showing that at least some imbri¬ 
cate thrusts are active today close to the 
Tehri dam site. 

Detailed designs for Tehri dam and 
appurtenant stmctures have been made 
already. Still we suggest that, in view of 
the magnitude and importance of the 
project, detailed repeat geodetic observa¬ 
tions should be undertaken around the 
Tehri dam site to supplement the geologi¬ 
cal and seismological observations and 
to detect if in addition any buried or 
exposed faults near this site also are 
currently creeping aseismically as in the 
Nepal Himalaya. If such observations 
have been taken already by governmental 
agencies, then the results should be pub¬ 
lished so that interested scientists outside 
these agencies, may also assess them. ■ 
The published levelling observations for 
the Saharanpur-Dehradun-Mussoorie high¬ 


way^^’^^ are not relevant for this purpose 
because of the distance between the site 
and the closest benchmark. 

Discussion 

Bomford^* in his well-known book on 
geodesy specifically recognized that 
geodetic surveys are useful at civil engi¬ 
neering sites to mark points on the ground 
with great accuracy. Bomford^^ also 
underlined the use of repeat geodetic 
observations for crustal deformation 
studies. Our analysis above illustrates the 
application of geodetic observations for 
identifying the locales of ongoing crustal 
deformation in the Himalayan setting 
specifically. Combining the results of suf¬ 
ficiently detailed geodetic observations 
with the geological and seismological 
observations should help in settling the 
question of the nearest active faults for 
various dam sites with greater confidence. 

The main advantage of geodetic 
methods is that we can detect activity 
which has occurred during the period 
between successive occupations of the 
benchmarks. The geological procedures, 
on the other hand, indicate activity 
without being very specific about their 
dates except when geochronological 
evidence regarding the activity is 
forthcoming. Geodetic observations 
should complement seismicity observa¬ 
tions by identifying currently active faults. 

We recall here that geodetic observa¬ 
tions have been collected in India for 
nearly two centuries^^. But only a very 
small subset of these are repeat observa¬ 
tions with a possible bearing on crustal 
movements in respective regions. There 
are three prime requirements when 
geodetic observations are to be used in 
this way. Firstly, the benchmarks should 
be closely spaced. Secondly, the reference 
benchmark should be well outside the 
region of suspected crustal deformation. 
Thirdly, the reoccupation of benchmarks 
should be at sufficiently short intervals 
of time. To the best of our knowledge 
there are no repeat geodetic observations 
in India which fit these requirements 
entirely. Repeat geodetic observations in 
connection with the 1897 Shillong 
plateau^^ and the 1934 Bihar-Nepal"^^ 
earthquakes suffer from the fact that they 
were within or close to the epicentral 
tracts. Repeat levelling along the Saharan¬ 
pur-Dehradun-Mussoorie line has 
reveaied^^’ changes during and sub- 
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sequent to the Kangra earthquake of 1905. 
But the large distances between 
benchmarks, the long time gaps between 
successive observations and the 
desirability of shifting the reference 
benchmark at Saharanpur to a bed rock 
site further south have been remarked'^^ 
Finally, repeat geodetic observations to 
measure aseismic fault movements in the 
Hardwar"^^, Kangra"^^ and Mandi"^"^ regions 
had too limited a spatial extent in our 
opinion. 

An important reason why geodetic 
methods have not been employed widely 
for dam site investigations is that in the 
past the procedures were slow and rela¬ 
tively costly. However, with the 
availability of the global positioning sys¬ 
tem these factors should no longer be 
disadvantages or deterrents for carrying 
out geodetic surveys as envisaged. 

Conclusion 

Our interpretation of recent levelling 
observations in the Nepal Himalaya sug¬ 
gests that a part of the current interseismic 
upper crustal deformation may be loca¬ 
lized along shallow imbricate thrust faults. 
We have emphasized three implications 
of these geodetic observations and 
analyses. Firstly, similar imbricate faults 
may be slipping aseismically elsewhere 
in the Himalaya also. Secondly, during 
great earthquakes of the respective 
regions, coseismic slip along such faults 
may lead to locally strong ground motion 
with attendant large displacements and 
high accelerations. This could be a threat 
to nearby civil engineering structures, 
such as dams, as well as smaller, non- 
engineered constructions, such as indi¬ 
vidual hopses in villages. Thirdly, there 
is need to expand repeat geodetic obser¬ 
vations in all Indian segments of the 
Himalaya. 
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Storing river runoff in the Gulf of Khambhat: A critique of the 
‘Kalpasar’ concept 


A scheme of dam construction across the 
Gulf of Khambhat (Cambay) for storage 
of runoff water of several rivers draining 
into the Gulf has been proposed by Kane^ 
The proposed dam will connect Gundi 
near Bhavnagar on the west (Saurashtra 
side) and Hansot near Bharuch on the 
east (South Gujarat side) and is expected 
to create a 2900 km“ freshwater lake. The 
total length of the dam is estimated to 
be 56.4 km and the cost approximately 
Rs 3000-4000 crores (-US$ 1000 mil¬ 
lion). The proposed lake has been named 
‘Kalpasar’ (taken from a Sanskrit word 
meaning a lake which can give one 
whatever one wishes standing on its 
bank). The annual river inflow into the 
Kalpasar lake has been estimated to be 
about 14,000 million m'^ after the 
proposed Narmada dam and other irriga¬ 
tion schemes on the rivers Sabarmati, 
Mahi and other minor rivers have been 
completed. 

M/s Haskoning, a Dutch firm, was 
retained by the Government of Gujarat 
and a reconnaissance report on this project 
was submitted in 1989. The proposal of 
Kane^ is based on the report of Haskon- 
ing^. The scheme has also been advocated 
by Patel^ as part of a larger strategy to 
develop water resources in the State of 
Gujarat. 

While we generally endorse the concept 
of creating a freshwater lake in the Gulf 
of Khambhat, we suggest an innovative 
modification of the dam structure that 
may help to store more fresh water and 
additionally lead to considerable saving 
in the cost through reduction in both 
length and thickness of the dam structure. 
The proposed modification is based on 
the basic hydrological principle, namely, 
the significant density difference between 
the sea water and the river mnoff, that 
should allow the lighter river water (den¬ 
sity ~1.0g/cc) to float on the denser sea 
water (density 1.025 g/cc). Employing this 
principle, if the dam stmcture is so 
designed that it is open from the bottom 
allowing hydraulic continuity on north 
and south of the dam, one should expect 
the incoming lighter river water to push 
the denser sea water out to the open 
ocean through the open bottom of the 
dam. The modification may also obviate 


some of the difficulties that we anticipate 
in the scheme as described by Kane*, 
without affecting the possible benefits. 

In the scheme proposed by Kane^ an 
earth fill dam is to be constructed across 
the Gulf along a suitably selected contour 
so that the maximum depth of the water 
column does not exceed 30 m. At the 
time of the lowest tide level, sea water 
from the northern (landward) portion of 
the dam is to be drained out to the 
southern (seaward) side, to the extent 
possible through sluice gates. Sub¬ 
sequently, when the fresh water in the 
monsoon starts flowing into the northern 
portion through the rivers, this portion is 
expected to be converted into a freshwater 
lake through mixing and dilution of the 
remaining sea water with the in-flowing 
river water. In this manner after a period 
of a few (3-5) years the reservoir is 
expected to be washed off of all the 
residual sea water. In this scheme, the 
maximum water that can be stored in the 
Kalpasar without flooding any additional 
coastal areas is between the highest and 
the lowest tide levels. With an average 
of 14,000 million m^ of water per annum, 
estimated to be available in the 2900 km^ 
area of the lake, the maximum estimated 
thickness of freshwater column at the 
dam site is expected to be in excess of 
6 m, which is of the same order as the 
tidal range (about 8 m) in the Gulf of 
Khambhat. Thus, even though a very 
large volume of reservoir will be created 
(up to 30 m depth at the dam site), the 
volume actually available for storage of 
fresh water would be smaller than the 
estimated freshwater inflow in several 
years of above-average rainfall. Therefore, 
the excess river water runoff would have 
to be either stored on land above the 
high tide level or would have to be let 
out into the open sea. 

There is also some concern regarding 
mixing and dilution being able to wash 
off the residual sea water in 3-5 years 
time as envisaged by Haskoning^ and 
Kane*. Simple calculations assuming the 
water body to be wedge-shaped between 
the northernmost section of the Gulf (-100 
km from the dam) and the dam site, 
where the depth will be -30 m, give a 
residence time of water in the lake (ratio 


of the total storage volume to the annual 
average inflow) of about 5 years. But 
for salt concentration to reduce from the 
sea water value of -35,000 ppm to -500 
ppm (suitable for irrigation and drinking), 
the time required will be much longer 
even if perfect mixing and no evaporation 
(about 2 m water column) are assumed. 
Mixing and dilution, therefore, may not 
result in Kalpasar becoming a freshwater 
lake in a reasonable period after con¬ 
struction of the dam. 

However, if we could construct the 
dam in such a way that the bottom 10 m 
or more is open over a fairly large length 
of the dam, say where the water column 
is more than 20 m, we may be able to 
obviate the above difficulty without com¬ 
promising in any way the expected 
benefits. With the bottom of the dam 
open, there is no need to have gates to 
empty the reservoir. Also there is no 
need for having any spillway for draining 
off the excess river inflow out of the 
reservoir into the sea. Both these func¬ 
tions, namely (i) the draining of the sea 
water and (ii) any excess river inflow, 
will automatically be accomplished 
through the lower open end of the dam 
wall due to the transfer of the underlying 
sea water, governed by the hydrostatic 
balance on the two sides across the dam. 
The maximum height of the dam above 
the mean sea level in our scheme needs 
to be just enough to prevent the ingress 
of sea water overflowing the dam resulting 
from tide/wave-induced changes in the 
sea level. 

The density contrast between the river 
runoff and the sea water is envisaged to 
maintain a reasonably well-defined inter¬ 
face at a depth of about 6 m or more to 
enable exploitation of the stored fresh 
water in a meaningful manner. This in¬ 
terface is, however, not static but moves 
up and down in response to hydrostatic 
changes induced (i) on the seaward side 
by the tides and waves and (ii) on the 
reservoir side by the inflow/consumptive 
use of the runoff water. Therefore, it may 
not be unreasonable to apprehend that 
due to mixing the interface may not be 
well defined, thereby defeating the very 
purpose of creating the reservoir at a 
huge expense. This is an aspect which 
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needs careful investigation employing 
both mathematical and physical models. 
However, a positive aspect of our scheme 
is that all inflows of fresh water into the 
reservoir not consumptively utilized will 
cumulatively depress the interface on the 
reservoir side and increase freshwater 
storage. Such inputs of fresh water to 
the Kalpasar lake also include rain (about 
0.7 m) falling directly on to the lake and 
inflows from the minor rivulets, streams, 
creeks and channels and ground water 
discharge not accounted for in the 14,000 
million m^ of runoff from major rivers 
after the proposed dams on the Narmada 
and other rivers have been completed. 
We, therefore, intuitively anticipate that 
this effect involving cumulative lowering 
of the interface (with no spillage) will 
more than compensate for the possible 
mixing of saline and fresh water due to 
vertical movement of the interface induced 
by tides/waves. We expect that pressure 
changes due to the tides and waves can 
be expected to be communicated from 
the open sea side to the reservoir side, 
through the open bottom, rather gently 
in a piston-flow-like manner due to the 


damping of the disturbance with depth 
in the 20 m or more water column on 
either side of the dam. The dam itself 
will prevent the transfer of the wave/tide- 
induced turbulence at the surface from 
the open sea to the reservoir side. 

The other factors influencing the posi¬ 
tion and thickness as well as movement 
of the fresh-water-sea-water interface in 
the reservoir, such as evaporation, con¬ 
sumptive use of water, wind-induced 
waves in the reservoir itself and the tidal 
effects within the body of the water stored 
in the reservoir, are common to both the 
schemes and, therefore, are not being 
discussed here. In our view, mixing is 
an area of major concern that needs a 
detailed investigation through mathemati¬ 
cal models of currents and mixing proces¬ 
ses likely to operate in the Kalpasar lake 
and the extent to which they may affect 
adversely the quality of water stored in 
the lake. 
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In situ preserved Vertebraria axes in Ib River Coalfield, Orissa 


The Permian Gondwana form genus Ver¬ 
tebraria Royle^ occurring from Post¬ 
glacial time through Late Permian is 
characterized by elongate, flattened, seg¬ 
mented, cylindrical casts which are simple 
or branched, often bearing root-like organs 
at the transverse ridges. In transverse 
section the Vertebraria axes show wedge¬ 
like sectors radiating from the centre^. 
According to Mussa^ Vertebraria is a 
complex form consisting of several 
genera. Specimens of Vertebraria are 
found preserved in positions both parallel 
and perpendicular to the bedding plane 
and the actual nature of these axes was 
quite controversial for some time^'^. Most 
of the specimens assigned to Vertebraria 
are generally impressions or compressions 
and very rarely petrified specimens with 
anatomical details. It consists of a central 
region of exarch primary xylem with four 
to seven radiating arms of secondary 
xylem. The distinct growth rings with 
septate arrangement is surrounded by a 


cylindrical periderm with a well- 
developed cork, leaving spaces between 
the xylem arms. In longitudinal section 
the secondary xylem arms are connected 
at varying intervals by transverse plat¬ 
forms, also composed of secondary xylem 
tracheids, but generally containing a root 
trace. 

Several specimens of Vertebraria indica 
Royle were collected from the Barakar 
beds exposed in a nala near Ganga Nagar 
village near Brijraj Nagar town. District 
Sambalpur, Orissa. No other element of 
Glossopteris flora is preserved in this 
bed. Some 50 specimens were found 
preserved as casts in the fine-grained, 
light pink, hard shales in an area of 
2-3 m. The surface view showed 5-6 
wedges 0.5-2.0 cm in diameter, with very 
little pith in the centre. The maximum 
length of these axes was 8.4 cm, lying 
diagonally along the bedding plane. 
Growth directions of these axes in the 
sediment indicate that Vertebraria was 


an underground root system of some plant. 
The actual plant which bore these under¬ 
ground axes was perhaps drifted to 
another site. Diagonal and vertical axes 
(Figure 1 a, b), preserved in a small area 
of 2-3 m, probably belonged to a single 
plant and represent in situ preservation. 
Total absence of horizontal axes and any 
other plant parts led us to believe this. 
The presence of such axes in various 
coal fieldsindicates that some of the 
species of Glossopteris had arborescent 
habit supported by a well-developed 
strong root system. Wherever such vertical 
and diagonal axes were found, other plant 
organs like leaves were not found in 
nearby areas. Though horizontal axes 
along with other plant parts are commonly 
found in most coalfields, indicating 
autochthonous nature of coal, in no way 
are such vertical and diagonal Vertebraria 
axes indicative of autochthonous nature 
of coal as believed by some. Enormous 
quantity of vegetal matter which might 
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Figure la and b, Vertebraria indica Royle, longitudinal sections of the specinniens to show 
diagonally and vertically penetrating axes in the sediments, respectively. B.S.I.P. Museum 
specimen numbers 36863 & 36864. 


have been required for peat formation of 
Gondwana coals cannot be sufficiently 
provided by few in situ preserved plants 
and their root system. It is logical to 


think that root system already embedded 
in the palaeosols had better chances of 
getting preserved in situ than other plant 
parts as found in Ib river and other 


coalfields of Lower Gondwana of 
India. 
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Role of phospholipase C in the cryptobiotic cysts of the fairy 
shrimp Streptocephalus dichotomus 


As our earlier report^ disclosed the occur¬ 
rence and functional significance of the 
enzyme PC-PLC (phosphatidylcholine 
cholinephosphohydrolase) in the crypto- 
biotic cysts of the fairy shrimp Strepto¬ 
cephalus dichotomus, the involvement of 
biological catalysts (enzymes) in the 


hydration-dependent hatching of the cysts 
becomes quite evident. 

Ever since the introduction of term 
‘cryptobiosis* in biology by Keilin^, it 
has fascinated many investigators due to 
its unique features like maintenance of 
embryonic viability during thermal stress 


and the ability to withstand dehydration. 
S. dichotomus, which inhabits the fresh¬ 
water ponds, undergoes cryptobiosis 
during dry summer period in order to 
overcome the adverse conditions. Though 
a detailed study on the egg morphology^, 
biochemistry'* and reproductive biology^ 
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Period of hydration ( hours ) 


Figure 1. PI-PLC activity in the cryptobiotic cysts of the fairy shrimp Strepto- 
cephalus dichotomus. Cytosolic fraction; [|||j|]|j]] , Particulate fraction. 


has been carried out, the role of enzymes 
involved in signal transduction has not 
yet been investigated in detail. 

Although PI-PLC (phosphatidylinositol 
phosphodiesterase) has been studied 
extensively in mammals and micro¬ 
organisms^, reports on the role of its 
substrate, namely phosphoinositides, are 
available only in the embryonic develop¬ 
ment of sea urchins^. As a growing body 
of evidences disclose the significance of 
inositol phospholipids^ and their 
hydrolytic products like DAG^ in the 
transduction of signals from external to 
internal cellular system, the role of PI- 
PLC becomes seldom negligible. 

As cyst hatching involves hydration for 
a definitive period (24 h), presumably 
some signal is transduced through mes¬ 
senger molecules. This, and the earlier 
results which revealed the role of cal- 
cium^ pH(i) (ref. 10) and PC-PLC' ini- 
tiated studies on whether or not the 
PI-PLC has any role in cyst hatching. 
Cysts were collected from the animals as 
described previously*, homogenized in 
Tris-acetate buffer (0.01 m, pH 7.5) and 
centrifuged at 4500 xg for 20 min in a 
KUBOTA-1500 refrigerated centrifuge. 
The supernatant was decanted and the 
pellet was redissolved in the same buffer 
and centrifuged as above. Both the super¬ 
natants were pooled up and used as the 
sample for the assay. 

Activity assay of PI-PLC was carried 
out by the alkaline phosphatase releasing 
method as described by Ikezawa and 
Taguchi**. In brief, male rat (Albino, 
Wistar strain) kidneys were excised and 
homogenized in ice-cold 0.25 M sucrose 
solution. To the homogenate 0.5 ml of 
the sample was added and incubated at 
37“C for 30 min. After the incubation, 

1 ml aliquot was withdrawn, cooled in 
an ice bath and then centrifuged at 
1,09,000 xg for 90 min in a Beckman 
L7-65 ultracentrifuge. The supernatant 
represented the cytosolic fraction and the 
sediment the particulate fraction. Both 
cytosolic and particulate fractions were 
assayed for the alkaline phosphatase acti¬ 
vity according to Engstrom*^. The absor¬ 
bance was recorded at UV-visible 160 A 
spectrophotometer. 

Figure 1 depicts the activity assay 
results of PI-PLC at different hours of 
hydration of the cysts of 5. dichotomus. 
The enzyme activity of the cytosolic frac¬ 


tion increased in the first 12 h of hydration 
(0-12 h), followed by a subsequent 
decrease in the next 12 h (12-24 h) of 
hydration, whereas in the particulate frac¬ 
tion the activity of the enzyme decreased 
initially (0-12 h) and increased in the 
next 12 h (12-24 h) of hydration. Although 
in both cytosolic and particulate fractions 
the activity of the enzyme varied con¬ 
siderably between the first 12 h (0-12 h) 
and the next 12 h (12-24 h), a unique 
feature observed is that the activity in 
cytosolic fraction is inversely proportional 
to particulate fraction. In other words, 
whenever there is an increase/decrease in 
the PI-PLC activity of the cytosolic frac¬ 
tion, it is inversely proportional to the 
particulate fraction. 

Unlike PC^PLC, where there is a 
steady-state increase in the activity up to 
the period of hatching* (i.e. 24 h), PI-PLC 
has a fluctuating trend. As PI-PLC is a 
membrane-bound enzyme, it is presu¬ 
mable that the activity is high in the 
particulate fraction than in the cytosolic 
fraction at 0 h of hydration. The increase 
in activity in the cytosolic fraction at 
12 h of hydration can presumably be 
accounted for its transmembrane mobility 
as it has to hydrolyse the cytosolic IP. 
Similarly, the decrease in activity in the 
cytosol at 12-24h of hydration implies the 
culmination of PI-PLC-catalysed reaction. 

From the present report it is evident 
that a change (increase/decrease) in the 
activity of PI-PLC does occur in both 
cytosolic and particulate fractions pertain¬ 
ing to the period of hydration. 
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Reflecting diffusions* 
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S. Ramasubramanian 


Probabilistic models of diffusion processes with 
the domains considered can be nonsmooth. 

The phenomenon of diffusion in free space (in a dilute 
solution) can be modelled in a mathematically rigorous 
fashion by probabilistic methods; in fact, this has been 
one of the major achievements of probability theory. 
This has led to a very fruitful interaction between the 
theory of partial differential equations and the theory of 
Markov processes; the interface is now known among 
probabilists as the theory of diffusion processes'”^. 

The aim of this exposition is to indicate how probabil¬ 
istic methods are applied to model diffusions with 
‘reflecting boundary conditions’. To keep the length of 
the article within reasonable limits, we do not consider 
asymptotic properties, connections with boundary value 
problems, etc. And for the same reason it is inevitable 
that we indulge in a bit of probabilistic jargon without 
explanation; see refs 1, 3, 6-8 for more information 
concerning unexplained technical terms like submartin¬ 
gales, Markov property, stochastic integrals,... 


Diffusions in 


We now briefly review three ways of modelling diffu¬ 
sion processes in This will help the reader appreci¬ 
ate the approaches taken later to study reflecting 
diffusions. Our notation will also get fixed in the pro¬ 
cess. 

Let the operator A be defined by 


4/W 2 dxi ’ 

ij=l J Z=:l ^ 


where the coefficients aij, bj are sufficiently smooth 
real-valued functions on A is assumed to be uni¬ 
formly elliptic; b(‘) is the infinitesimal drift and a(-) the 
infinitesimal dispersion. 

Semigroup approach 

Let p{s, x; /, z), 0 < ^ < /, x, z g denote the (minimal) 
fundamental solution for the Fokker-Planck equation 
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'reflecting boundary conditions' are discussed; 


z) = A^uit, z), t>0, (2) 

where A* is the formal adjoint of A, and the subscript z 
denotes differentiation in the z variables; that is, if the 
initial value w(0, •) = /(•) is specified then u can be 
given by 

u{t,z) = (T*f)(z) = f(x)p(0, x; /, z) dx. (3) 

Since the concentration of a diffusing species satisfies 
the Fokker-Planck equation, knowledge of p determines 
the system completely once the initial concentration is 
known. 

It can be shown that p(s, x; t, •) is a probability den¬ 
sity function, satisfies the so-called Chapman- 
Kolmogorov equation, etc.; in other words, p is a transi¬ 
tion probability density function (in the sense that 
p(s, x; /, z) dz gives the probability that a diffusing par¬ 
ticle starting from x at time s reaches a sufficiently small 
neighbourhood of z at time 0- Hence, by the theory of 
Markov processes, there is a continuous-time Markov 
process in with continuous sample paths for which p 
is the transition density. This process can be called dif¬ 
fusion with generator A. As p satisfies the Chapman- 
Kolmogorov equation, {Tt: t > 0} given by eq. (3) forms 
a semigroup of operators. This is the classical approach 
to diffusions, pioneered by Kolomogorov and Feller, 
and depends on PDE theory for the guaranteed existence 
of the fundamental solution. 

If a{’) = {dxd) identity matrix, i(*) = 0, then 
A = (l/2)A-A*, eq. (2) is the heat equation, p is the 
heat kernel and the corresponding diffusion is, of 
course, the standard Brownian motion (this explains the 
fondness for the factor 1/2 in eq. (1) among probabil¬ 
ists!). This has been the prototype of diffusion and cor¬ 
responds to the motion of a diffusing particle purely due 
to fluctuations caused by bombardment by solvent par¬ 
ticles in the absence of external forces, friction, etc.^. 


SDE approach 

Levy had suggested that the motion of a diffusing parti¬ 
cle can be represented, in differential form, by 

d7(0 = a{Y{t))AB{t) + 6(T(0) d/, (4) 
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where a(x) is a matrix such that a(x)<T*(x) = a(x), 

^ > 0} is a standard i^f-dimensional Brownian motion. 
The idea is: in a short interval of time the diffusing par¬ 
ticle behaves locally as a Brownian particle with appro¬ 
priate ‘standard deviation’ cr subject to an ‘infinitesimal 
drift’ b. However, it is well known that the Brownian 
trajectories are nowhere differentiable. It has been a 
seminal achievement of K. Ito to give meaning for inte¬ 
grals of the form J/ (s, oo) dB(s, co) for a large class of 
processes /; such integrals are called Ito integrals. Then 
the formal differential expression (4) can be interpreted 
as the stochastic integral equation 

YQ) = 7(0) + J^'ct(7(5)) dBis) + ds. (5) 

When cr, b are Lipschitz-continuous and satisfy certain 
growth conditions, it was shown by Ito (essentially by 
Picard’s iteration) that eq. (5) has a unique solution Y(-); 
also the solution 7 is a continuous Markov process. If Y 
has a sufficiently smooth transition density then it can 
be proved that p is the minimal fundamental solution for 
eq. (2). Thus, the solution of the stochastic differential 
equation (4) can be called^’ ^ diffusion with generator A. 

When d=\, a =\, b{x) = - with /3 > 0, we get the 
Ornstein-Uhlenbeck process. 


/ also under {Px} the coordinate projections 

{X(t) : t>Q} form a continuous Markov process. 
Moreover, if the coefficients a, b are sufficiently smooth 
then {P;c} agrees with the distribution of diffusion as 
defined earlier. Thus, the family {P^ :x e of prob¬ 
ability measures solving the martingale problem given 
by eq. (7) can be called diffusion process corresponding 
to A, 

One may consult refs 3,9, 11 concerning the advan¬ 
tages of the various approaches. 

Two models 

Insulated heat conduction 

The problem of heat conduction in a semi-infinite bar 
(of uniform cross-section) with the end kept insulated is 
described by 

du . . \ d^u, ^ 

-^(t,z) = -j-^(t,zX t>0, z>0 (8) 

subject to the boundary condition 
•^(/,0) = 0, t>0. (9) 


Martingale problem 

An important feature of Ito integrals is Ito’s formula for 
transformation of variables: for any / € C^(^^), 

/(7(0)-/(7(0))-J^'47{7(i))cb 

= ||(a(7(5))V/(7(^)),cl5(i)). (6) 

If C 7 is bounded, the Ito integral on the right-hand side 
of eq. (6) is a martingale. 

Since 7 is a continuous process it induces a distri¬ 
bution (probability measure) on the path space 
Q = C([0, oo) : ) = the space of iiff^-valued continu¬ 

ous functions on [0, o^). Denote this distribution by Px, 
where x represents the starting point (that is, 7(0) = x). 
Let X{t, CO) = (o(t), t>0, (OG Q. Then eq. (6) can be 
expressed as 

/ (^(0) - fix) -Af (2^(5)) ds = A: ~ martingale (7) 
for any / e 

The above can be used to characterize a diffusion 
process. The point of view taken is that the family 
{Pjc: X G } of probability measures on £2 contains all 
relevant information about the diffusion process. In their 
fundamental work Stroock and Varadhan^^ have shown 
that, if a, b are bounded, continuous, then for each x 
there is a unique Px such that eq. (7) holds for any 


This is the one-dimensional heat equation with the 
Neumann condition at z = 0. Equations (8) and (9) de¬ 
scribe also the concentration of a species undergoing 
Brownian movement (confined to [0, oo)) in a dilute 
solution when no mass is allowed to ‘escape through’ 0 
or to ‘linger at’ 0. It is well known that the fundamental 
solution for the above is given by 


q{s, x; /, z) 


1 

f2n(t - s) 


X 



(z-x^l 

2it-s)l 


+ exp 


(-z-x)2 ] 
2it-s) J 


( 10 ) 


for 0 < X > 0, 2 > 0. 

By arguments analogous to those presented earlier, it 
can be shown that there is a Markov process (living in 
[0, oo)) with q as its transition probability density. This 
process may be called reflected Brownian motion 
(RBM). If {jB( 0} is a one-dimensional Brownian motion 
(in ^), then it is easily seen that {|i?(0|:^^0} is a 
Markov process with q as its transition density; that is, 
{1J5(0|:^>0} isRBM. 


An inventory model 

Consider the following model in queueing theory: 

Zit) = 5(0) + lit) - [0(0 - 1(0] = Bit) + i(0, (11) 


232 


CURRENT SCIENCE, yOL. 69, NO. 3, 10 AUGUST 1995 




GENERAL ARTICLES 


t > 0, representing the inventory process Z in a simple 
two-stage flow system consisting of input (or produc¬ 
tion), output (or demand) and an intermediate buffer 
storage of infinite capacity. Here I{t) = cumulative input 
up to t\ 0(0 = cumulative potential output (or demand) 
up to /, 7(0) = 0(0) = 0 and 5(0) > 0 is the initial inven¬ 
tory level. It is assumed that the demand that cannot be 
met from the stock on hand is lost with no adverse effect 
on future demand; thus, L{t) can be interpreted as the 
demand that could not be met up to /, and 0{t)-Lit) 
is the actual output over [0,0* Clearly, Z(0 ^ 0. All 
are assumed to be continuous stochastic processes; 
L is called lost demand process and B the netput 
process^^. 

Under certain conditions of heavy traffic, {^(0) can 
be modelled by one-dimensional Brownian motion: viz. 
(a) in any short time interval [/i, ^ 2 ], the input I{t 2 )-I{ti) 
and the output Oit'^-Oitx) are quite large but their dif¬ 
ference (netput) 5 (/ 2 )- 5 (^]) is not large; (b) netput in¬ 
crements over nonoverlapping intervals are approxi¬ 
mately independent. 

With these assumptions the set-up (11) becomes 

Z(0 = 5(0+L(0, />0, (12) 

satisfying (i) Z(f) > 0, Z is continuous in t, (ii) Z(0) = 
5(0) > 0, (iii) 7(0) = 0, 7 is nondecreasing and continu¬ 
ous in 7 (iv) 7 increases only when Z = 0, (v) {5(0} is a 
Brownian motion. 

A look at the above indicates that a ‘deterministic 
version’ of eq. ( 12 ) with the attendant constraints is 
meaningful. To determine z and / such that 

z{t) = a(t) + Kt\ t>0, (13) 

subject to (i)'-(iv)^ where (i)'-(iv)' are the same as (i)- 
(iv) with /, 2 , a replacing, respectively, 7, Z, 5, and (v)' 
a( ) is a continuous function. (Here a is the known 
function). For a continuous function a on [0, ©o) with 
a( 0 ) > 0 the deterministic problem is solved uniquely by 
taking 

/(O = - inf{a(s) A 0:0 < 5 < 0 (14) 

and, of course, z(t) = a(t) -h l(t). A hard stare at Figure 1 
will convince the reader! 

Consequently, the stochastic problem can also be 
uniquely solved path by path. This problem is called 
Skorohod problem and eq. (12) is called Skorohod 
equation. 

The connection and the consequences 

What do the above-described models have in common? 
According to Levy^, practically everything! 

{|5(^)|:/>0} and {Z(^):^>0}, being continuous 
processes, induce corresponding distributions in the path 
space C([0, ©o): OS). Levy has shown that these distribu- 



Figure 1. 


tions are identical if the initial values agree. This sur¬ 
prising result is proved^ by showing that Z is a Markov 
process with transition density q given by eq. (10). It 
may be noted that Levy arrived at this result purely by 
studying the sample path properties of Brownian 
motion, without any queueing theoretic considerations. 

Since 7 increases only when Z is on the boundary, 7 is 
called the boundary local time of Z. Local time process is 
one of the most esoteric objects associated with Brownian 
motion; in a sense high irregularity of Brownian paths 
makes the local time a reasonably well-behaved entity^. 

To indicate how the local time and transition density 
are tied up, we consider the RBM in the half-space 
D — {x e OS^ \ x\>0} with reflection in the inward nor¬ 
mal direction; note that the inward normal derivative is 
just 3/3 jci at the boundary. 

Let {(5i(r), 52 ( 0 , • •, Bfd)) : / ^ 0} be the ^/-dimen- 
sional Brownian motion in OS^ (without any boundary 
condition). From the preceding discussion RBM in D 
with normal reflection at the boundary can be repre¬ 
sented as 

Zi(0 = 5i(0 + 7(0, Zfit)=Bft), i = 2,...,d, (15) 

where 7(0 = - inf{5i(0 a 0 : 0 < 5 < 0- Also the transi¬ 
tion probability density is given by 

p(s, x; t, z) = q{s,xi\t,zx) r(s, x;t,z), (16) 


where 0 <s <t, x= (xi, X 2 , ..., xj) = (xi, x) g D, 2 = 
( 21 , Z 2 , • • •, zJ) = (^1,0 ^ D, q is given by eq. (10) and r 
is the (i7-l)-dimensional heat kernel. Using the Ito cal¬ 
culus and integration by parts it can be shown that 




dLir) 


2 




, x; a, z) dcr(z) da 


(17) 


for any x € D and bounded measurable function g on 
dD; here do( ) denotes the surface area measure on the 
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boundary (in this case, (£/-l)-dimensional Lebesgue 
measure) and Ex denotes taking expectation under the 
condition Z(0) = jc. 

The case of smooth domains 

The importance of the Skorohod equation is that it sug¬ 
gests how reflecting diffusion can be represented as a 
solution of a stochastic differential equation. Also one 
may consider reflecting directions other than the normal 
direction, and possibly depending on x g dD. 

Let D be a domain with smooth boundary and 7( ) a 
smoothly varying vector field on 3Z); assume that ( /(jc), 
n{x)) > I3> 0, X E dD, where «(x) is the inward normal. 
Reflecting diffusion in D with generator A and reflecting 
field / can be defined as the process {Z(/)} satisfying 

Z(0 = Z(0) + |JcT(Z(5)) AB{s) 

+|JZ>(Z(5)) ds + jyZis)) d^(j) (18) 

such that ^(0) = 0, ^ is a continuous, nondecreasing 
process, ^ increases only when Z is on the boundary, and 
Z(t) 6 D for all t. This formulation is due to Watanabe^. 
Note, however, the difference between eqs (4) and (18); 
in eq. (4) there is only one unknown process where (18) 
involves two unknown processes Z and It can be 
shown that eq. (18) has a unique solution which is 
Markov. In addition, if Z has a sufficiently regular 
transition probability density p then 

{s, x\ t, z) + Axp{s, x\ t, z) = 5(t ~ s)d(z - x), 

s<t, xeD (19) 

{r{x),YxP(s,x;t,z))^0, xEdD (20) 

for fixed t, z. (Observe that eq. (19) is the adjoint of the 
Fokker-Planck equation, known as the backward Kol¬ 
mogorov equation.) In such a case the analogue of eq. 
(17) also holds. It may be noted that the notion 

‘reflecting direction’ is justified mainly in view of eq. 
(20). As the sample paths of a diffusion process are no¬ 
where differentiable, it is meaningless to say that a tra¬ 
jectory gets reflected in a particular direction; however, 
the boundary is ‘reflecting’ in the sense of Markov 
processes, viz. the sample path does not linger on the 
boundary and it is instantaneously returned to the inte¬ 
rior. 

Submartingale problem 

As in the case of diffusion in reflecting diffusions in 
smooth domains can also be characterized as solutions 
of ‘submartingale problem’, a development due to 


Stroock and Varadhan^^ once again. That is, for each 
.X € S' we seek a probability measure Px on the path 
space such that 

(i) Px(X(t)ED Vr>0, ;^(0) = x) = i, 

(ii) for each / g C^(/ff^) with (/, V/) > 0, on dD, 

f (X (t)) -f(x)- \Af{X{s)) ds= P^- submartingale, 

( 21 ) 

where X is as defined earlier. If a, b are bounded, con¬ 
tinuous and 7 bounded, Lipschitz-continuous, then the 
submartingale problem has a unique family {P^-.xsD} 
of solutions; in such a case, under {P^} the coordinate 
projections {^(0} form a continuous Markov process 
and 

|Qf^!D(X(5)) ds =0, x&D, (22) 

where Ex denotes the expectation with respect to Px\ eq, 
(22) means that the time spent on dD is zero. When 
a, b, /are sufficiently smooth, {7^;^} agrees with the dis¬ 
tribution of the reflecting diffusion. Thus, we have an¬ 
other way of looking at reflecting diffusions: the family 
{P^’.xeD} of probability measures solving the above 
submartingale problem can be called’^ the reflecting 
diffusion process corresponding to A, y. 


Consider the three-stage flow system (also called the 
tandem buffer system) outlined in Figure 2. Each buffer 
satisfies the earlier assumptions. Here I\{t) = cumulative 
input into buffer 1 up to /, hit) = potential transfer from 
buffer 1 to buffer 2 up to ^ = potential output from 
buffer 1 (potential input into buffer 2) up to t, 
hit) = potential output from buffer 2 up to t. The netput 
process iB\, is defined by 

^i(0 = 5i(0) + /i(0-/2(0, 

^2(0 = ^2(0) + /2(0-/3(0- (23) 

Let Ziit) = content of buffer / at time t, i- \ , 2. We may 
write Z\it) = B\it)-\-L\it), where Li(/) = amount of po¬ 
tential output lost up to t because of buffer 1 being 
empty. Consequently, 72(0 - Li(/) = cumulative input 
into buffer 2 up to t. Therefore, applying a similar ar¬ 
gument to buffer 2 we get Z2(0 = ^2(0 - ^i(0 + ^ 2 ( 0 ^ 
where Loit) = amount of potential output lost up to / be¬ 
cause of buffer 2 being empty. Clearly, Z/ > 0. 



Figure 2. 
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In the case of heavy traffic, when the netput process 
can be assumed to be a two-dimensional Brownian 
motion ^ 2 ( 0 )}, the above suggests the problem: 

to find continuous processes Z=(Zi,Z 2 ), L = (Zi, I 2 ) 
such that for t>0, 

Zi(O = ^i(O+A(0^0, 

(24) 

^2 (0 = B2 (0 - k (/) + L2 (0 > 0, 

with Z;(0) = Bi(0) > 0, Li continuous, nondecreasing; Li 
increases only when Z/ = 0, / = 1, 2. Note that Z takes 
values in the positive quadrant {(zi, 22 ): Z] >0,Z2>0}; 
the ‘direction of reflection’ on the boundary (zz = 0} is 
the normal direction, whereas on {z] = 0} it is the 
‘diagonal’ direction (-1, 1). 

The above model is due to Harrison^^ and has given a 
lot of impetus to the study of'reflecting diffusions in 
nonsmooth domains, especially to RBM in quadrant, 
wedge, orthant, etc. with oblique reflection at the 
boundary. Mathematical interest is due to the presence 
of corners and the reflecting direction field having 
‘discontinuity’, and the consequent nonavailability of 
suitable results from the theory of partial differential 
equations. Here ‘discontinuity’ is to be understood as 
the difference between the reflecting direction and the 
normal direction being discontinuous. 


Under a further technical assumption which may be 
called a uniform interior cone condition, it has been 
shown by Saisho^"^, based on the work of Lions and 
Sznitman^^, that a unique pair of solutions exists for any a. 

Moreover, if <t, b are bounded, Lipschitz-continuous, 
Z(0) € D, and {.^(0) is a (^-dimensional Brownian mo¬ 
tion, then there exist unique continuous processes 
{Z(0}, {^(0) such that Z is D-valued, K is -valued 
with bounded variations, 

Z(t) = Z(0)^\MZ(s))dB(s) 

•'O 

+j‘^b(Z(s))ds + K(t), (26) 

/:(/) = (27) 

where | K \(t) is a continuous, nondecreasing process, 
and increases only when Z is on the boundary, and 
n(s) e !N'(Z(s)) if Z(s) e dD. The process Z may be 
called reflecting diffusion in D with generator A and 
normal reflection at the boundary'^“^^. 

If Z is a quadrant/rectangle/orthant, a = identity 
matrix, 6 = 0, then RBM with normal reflection can be 
easily got from the (i-dimensional Brownian motion by 
the method of images; in such a case Z constructed 
above agrees with RBM in law. 


Normal reflection in nonsmooth domains 

What is meant by normal direction at a boundary point 
when the boundary is nonsmooth? Following Tanaka^^ 
and Lions and Sznitman^"^, Saisho’^ has taken the ap¬ 
proach given below. 

For a domain D, x g dD, r>Q, put J^(x,r)- 
[n E : \n\ = B(x-m, r) n D = 0}, where B(y^ r) 
denotes the ball with centre y and radius r; the set 
!N\x) = U/.>o r). Shf(x) is defined to be the set of 

all inward normal unit vectors at x. 

If dD is smooth at x, than J^(x) = {/i(x)}. When D is 
the positive quadrant, 0)) = {(x\, X 2 ) : xi > 0, 

X2>0, xf+x|=l}. Let D = {(-1, 0) X (-1, 1)} u 

{(0, 1) X (-1, 1)}; that is, D is a rectangle with a ‘fibre’ 
removed; note that for any x on the fibre Ihfix) = 0. 

If D satisfies a uniform exterior sphere condition then 
!LL(x)^0 for X g dD; for such domains the determinis¬ 
tic Skorohod problem can be formulated as follows: Let 
a e C([0, 00 ) : ) with a(0) e D. Find a pair of con¬ 

tinuous functions z, k such that 

z(0 = a(t) + k(t) G D, k{t) = f d\k\(sl (25) 

where | k |(/) is continuous, nondecreasing, and increases 
only when z is on the boundary dD, and n(s) g 3sr(z(s)) 
\f z(s) G 3D. Note that k is -valued and is of bounded 
variation in every bounded interval. 
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RBM with oblique reflection 

Heavy-traffic approximation in queueing theory has led 
in recent years to an intensive study of RBM in domains 
like quadrant/wedge/orthant with oblique reflection. Not 
much is known about other diffusion processes; and 
even about RBM the last word is not said. We will con¬ 
fine ourselves to a brief discussion of RBM in a wedge; 
because of the ‘discontinuity’ at the corner, there are a 
few surprises around the corner! 

Let D denote the wedge with angle 3iD, 32D are the 
two sides of the wedge. We assume that the direction of 
reflection is constant on each side. Let v/ denote the re¬ 
flecting direction on 3/ D, 6i denote the angle v/ makes 
with the normal, i- 1,2 (0/ is taken to be positive if v/ 
points towards the corner) (Figure 3). 


d^D 

Figure 3. 
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In their fundamental paper Varadhan and Williams 
defined RBM in a wedge as the solution to the following 
submartingale problem. Let 3 be the collection of all 
smooth functions / on ^ such that / is constant near 
(0, 0) and (v/, V/) > 0 on 9, D, / = 1, 2. Let Q, X be as 
before. A family {P^.xeD) of probability measures on 
is a solution to the submartingale problem corre¬ 
sponding to ((1/2)A, vi, V 2 ) if the following hold for 
each X eD: 

(i) P^(X(t)ED V/>0, X(0) = x)^\; 

(ii) for any /g 3 

= Px- submartingale; (28) 

(iii) = (29) 

where A = d'^ldx} +^ 2/^2 Set(^i + 6 '^/^. The parame¬ 
ter a determines crucially the behaviour of the submart¬ 
ingale problem’^, viz.: 

(a) cf<0. There is a unique solution to the problem, 
and the corner is never visited. 

(b) 0 < o;<2. There is a unique solution. The process 
hits the corner with probability one, instantaneously 
leaves the corner. 

(c) a>2. There is no solution satisfying (i)-(iii) above. 
However, for each xeD there is a unique Px satis¬ 
fying (i) and (ii); this Px is supported on those paths 
which reach the corner and terminate there; that is, 
the process is absorbed at the corner. 

Note that if 0, = 0, / = 1, 2, we have the case of normal 
reflection, and the solution of the submartingale prob¬ 
lem is the distribution of the process considered in the 
previous section with, of course, a = identity matrix, 
A = 0. 

The condition a > 0 roughly means that there is a net 
push towards the corner. In such a case the corner is hit, 
and if the push is beyond a critical level (viz. a > 2), the 
corner becomes an absorbing barrier! This is a surpris¬ 
ing development as diffusions in and in smooth 
domains (with d>2) do not hit any specified point. 

Proof of the result of Varadhan and Williams^^ centres 
around the function 


\r^ cos(aO-O')), a^O, 

0 (r,e) = \ (30) 

[logr + 6>tan^2. ^ = 0- 

which is the function (in polar coordinates) satisfying 
AG = 0 in A (v/, VG) = 0 on dj D\{(0, 0)}, / = 1, 2. 

Another surprising result, due to Williams^^, is that 
RBM in a wedge (that is, the solution of a submartingale 
problem) cannot be realized as a semi-martingale for 
1< q:< 2; in other words, representation in terms of a 
stochastic differential equation (s.d.e) is not possible! 
This again is in contrast with diffusions in ^ or in 
smooth domains. 

It may be mentioned that when D = quadrant, 6 i > 0, 
/= 1,2, 6 i 62 < 1, Harrison and Reiman^^’have con¬ 
structed RBM as the solution of an s.d.e by considering 
a modified Skorohod problem. Of late there has been 
considerable interest concerning the Skorohod problem 
with oblique reflection in nonsmooth domains. 

For more information about RBM with oblique re¬ 
flection the interested reader may refer to the forthcom¬ 
ing survey article by Williams^^. 
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Structural, clinical and transmission aspects of 
dioxins — Potential environmental pollutants 


C. Ganesh Kumar and K Jayaraj Rao 


Dioxins are toxic and potent carcinogenic compounds formed as contaminants in milk and foods. Their 
occurrence, structure, prevalence in different food products, transmission to man and detection meth¬ 
ods are discussed briefly. The dioxins and related compounds are found as trace contaminants in the 
synthesis of several commercial products, importantly chlorophenols. Dioxins have also been reported 
to be present in cigarettes, smoke and ash. The air-borne dioxins are transmitted to man either by di¬ 
rect inhalation or via forage, livestock, milk and meat. Mothers who have dioxins in the body could 
transfer them to the infants through breast milk, which may lead to late haemorrhagic disease in the 
newborn infants. It is important that there should be a check on the emission of 2,3,7,8-tetra- 
chlorodibenzo-p-dioxins by industries, and pollution laws should take cognizance of these toxic com¬ 
pounds. This aspect is more relevant to India in view of the rapid industrialization taking place today. 


In the recent past, the environmental issues have be¬ 
come a matter of increasing concern in most of the 
countries. With ever-increasing human activity and in¬ 
dustrialization, the number of pollutants to be dealt with 
are also increasing. Of these pollutants, dioxins - a 
family of compounds like polychlorinated dibenzo-p- 
dioxins (PCDDs) and polychlorinated dibenzofurans 
(PCDFs) - are known to be potent carcinogenic com¬ 
pounds and pose health risk to man. Of several dioxins 
and their congeners, 12 are of utmost importance be¬ 
cause of their high toxicity. 

Dioxins are not synthesized commercially, but are 
formed as trace contaminants during the synthesis of 
several commercial products, mainly chlorophenols. For 
example, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is 
formed as a contaminant in the synthesis of 2,4,5- 
trichlorophenol, which is used in the manufacture of 
2,4,5-trichlorophenoxy acetic acid (2,4,5-T), a broad 
spectrum herbicide and defoliant. Several other chloro¬ 
phenols have wide usage as mold inhibitors, fungicides, 
insecticides and disinfectants. Of these, the most impor¬ 
tant one is pentachlorophenol, used as a fungicide for 
slime control during the manufacture of paper pulp, 
tanning of leather, etc. 

Structure 


of dioxins formed due to the number and the position of 
the chlorine atoms are associated with the degree of 
toxicity. However, not all isomers are toxic. 

Sources of dioxins 

The major sources of these compounds are the impuri¬ 
ties in chlorinated chemical wastes and the contaminants 
in ash and gas. Most of the sources are anthropogenic. 
Some PCDD and PCDF emissions arise from various 
combustion processes, including the incineration of 
municipal solid wastes (MSW) or hazardous wastes’’^ 
power-producing stations using fossil fuels, and smaller 
systems such as private heating systems, fireplace and 
automobiles. Other industrial processes involved include 
the pulp and paper industry, steel mills, metal refining 
and the smelting industry. Releases are also reported to 
occur during hazardous waste accidents, illegal dump¬ 
ing, waste oil releases, and the emission of residues of 
treated wood, fly ash, and the production and applica¬ 
tion of pesticides^ There are genuine concerns that 
these emissions could also contaminate animal feeds and 
human foods such as milk, meat and vegetables'’"^. The 
presence of these substances in the chlorine-bleached 
paper cartons used for milk packaging has also been 
reported^’^. The PCDDs and PCDFs could migrate from 


The typical structure of a dioxin is shown in Figure 1. 
The dioxins have 75 possible chlorine-substituted 
bidenzo-/?-dioxin isomers and 135 possible chlorine- 
substituted dibenzofuran congeners. The various isomers 
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Figure 1. Structure of a dioxin and its congener. 
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the bleached-paper cartons into the milk during storage. 
Among several factors which influenced the extent of 
this migration were the contamination level of the carton 
and the time of storage^. Reports reveal the presence of 
dioxins even in other food products like chicken and 
pork^, fish and shell fish^. 

Permissible and prevalent levels of dioxins 

In general, the dioxin content is represented by TCDD 
toxic equivalents used for assessing and comparing the 
dioxin and furan contents found in analyses. The pro¬ 
posed tolerable weekly intake of dioxins should not ex¬ 
ceed 35 pg TCDD toxic equivalents per kg body weight, 
as recommended by Environmental Protection Agency 
(EPA) of the United States'®. 

The dioxins have been detected frequently in milk, 
blood and adipose tissue and the concentrations varied 
in different tissues corresponding to the fat content. 
Cow milk is reported to contain 1.5 pg of dioxin/g fat^^. 
Dioxins may find their way into the milk through cattle 
feed, however, some migration was also shown from 
milk cartons to the extent of 40 pg and 750 pg of TCCD 
and TCDF per kg fat, respectively. According to the 
estimates, the daily intake of TCDD toxic equivalents 
from three glasses of such contaminated milk exceeded 
the acceptable daily dose'\ Comparatively, higher di¬ 
oxin contents are reported in animal products. Over 60% 
of fat samples of chicken and pork in the study^ con¬ 
tained more than 10 ng/g of pentachlorophenol (PCP). 
Of the poultry liver samples, 27% contained more than 
50 ng of PCP per gram of liver. Moreover, PCP is 
known to contain a variety of chlorinated dibenzo-p- 
dioxins and chlorinated dibenzofurans^^. 

There are alarming reports on the presence of chlo¬ 
rinated dioxins and dibenzofurans in human milk from 
several countries. Human milk may contain 10-50 times 
of these contaminants than cow milk or milk substi¬ 
tutes^^. Analysis of human milk samples from South 
Africa, Pakistan, USA, Vietnam and England revealed 
dioxin toxicity levels as ranging from 8 to 23 ng/kg^"^. 
But, according to the analytical study conducted by the 
Federal Health Office (FHO), Berlin, the average daily 
intake of PCDD/PCDF by a baby was found to be 
90 pg/kg body weight toxicity equivalents on a fat 
basis^^, which exceeds the permissible limits. 

Transmission of dioxins to man 

The potential source of human exposure to dioxins are 
phenoxy herbicides and airborne emissions resulting 
from combustion and waste disposal. The dioxins make 
an entry into human body through inhalation of con¬ 
taminated air, but the main sources responsible for entry 
into human body are the milk and other food products. 
The dioxins are deposited on the forage/feed and soil. 


Phenoxy herbicides Air borne emissions 



Deposition 


Forage 


Cattle 



Beef Milk 



Human consumption 


Figure 2. Flowchart for the transmission of dioxins to man. 

They enter the body system of cattle when the latter in¬ 
gest the contaminated feed"^’ or soil during grazing^'^’ 
(Figure 2). Of the total dioxins taken in by a cow, ap¬ 
proximately 20% of the TCDD toxic equivalents are 
reported to be excreted in the milk^^. 

Human population might be prone to dioxins where 
eating of smoked foods like sausages, fish and cheese is 
prevalent. It is important in this context to mention some 
of the smoked Indian dairy products like Bandal cheese 
and Chhurpi. Chhurpi is severely smoked and dried be¬ 
fore selling in the market. This product is regularly con¬ 
sumed by tribal people and no studies as yet have been 
conducted to check possible dioxin transmission to these 
people. Another important source of dioxins may be the 
khoa, which is inadvertently smoked while being made 
over firewood in villages. This practice, however, is 
now discouraged and instead steam pans are used by the 
organized sector. Bluthgen and Heeschen^^ showed that 
50% of average daily dioxin intake could be via milk 
products. 

Studies relating to transmission of dioxins and their 
congeners have drawn much attention, especially with 
regard to transfer of these compounds from mother to 
child. The main factors influencing the transfer are the 
mother’s dietary habits and personal habits such as ciga¬ 
rette smoking. The presence of dioxins in cigarette 
smoke has already been proved’^. It could be said that in 
this modern society, more so in the western society, 
smoking even by pregnant women has become a fashion, 
which may lead to the passage of dioxins from the 
mother to child. Effects of passive smoking have also to 
be considered. Mothers who have dioxin content could 
transfer them to the infants through breast milk which 
may lead to late haemorrhagic disease in the newborn 
child^^. In spite of these, encouragement of breast feed- 
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ing is recommended as its positive effects are consid¬ 
ered more important than the risk of dioxins^^ 

Clinical manifestations of dioxins 

The dioxin 2,3,7,8-TCCD on long-term effect in small 
doses is carcinogenic, produces adverse reproductive 
effects and alters the body’s immune response. Human 
beings exposed to large amounts of dioxins show many 
different symptoms like psychological disturbances, 
various sorts of physical disturbances, and neurological 
effects. The toxic syndromes produced by TCDD and 
related compounds^^ are: 

1. Wasting syndrome. 

2. Lymphoid ovulation — TCCD & congeners produce 
a loss of lymphoid tissue, especially in the thymus, but 
also in the spleen and lymph nodes. 

3. Hepatotoxicity — TCCD and related compounds 
produce hepatotoxicity in all species even at low doses 
well below the lethal dose. 

4. Gastric lesions. 

5. Urinary tract hyperplasia. In the guinea pig, mon¬ 
key and cow the transitional epithelial lining of the uri¬ 
nary tract (renal pelvis, ureter and urinary bladder) 
proliferates to 2-3 times its normal thickness. 

6. Chloracne, a rare and potential debilitating disease, 
but important acneiform eruption is often associated 
with the ingestion of chlorinated phenolic agents such as 
dioxins. 

Italian researchers have shown TCDD to produce 
chick oedema disease in fowls. Postmortem examination 
of the intoxicated fowls showed subcutaneous oedema, 
hyperpericardium, ascites, enlarged liver, oedema of 
myocardium, lungs and skeletal muscle, atropy of lym¬ 
phoid tissue of the spleen and atropy of ova- 
ries/testes^^’^"^. 

Detection and quantification 

Detection procedures vary from laboratory to laboratory 
and also with the type of sample to be analysed. The 
most commonly employed are chromatographic, spec- 
trometric or immunological methods. 

The dioxins and related compounds are soluble in organic 
solvents and hence are extracted from a product using ace¬ 
tone-hexane mixtures or hexane alone. These are then pu¬ 
rified and chromatographed before determination by a 
combination of gas chromatography and mass spectrometry 
(GC~MS)^. Other techniques like capillary column high- 
resolution gas chromatography/high-resolution mass spec¬ 
trometry (HRGC/HRMS), packed column gas low- 
resolution gas chromatography/high-resolution mass spec¬ 
trometry (LRGC/HRMS) and radioimmunoassay have also 
been employed^^’ The detection limits varied from 0.005 
to 6 pg/g of the sample analysed. 


Conclusions 

Reports till date on dioxins and related compounds es¬ 
tablish that these compounds could be a potential health 
risk in the long run if adequate precautionary measures 
are not taken. This is significant at a time when all the 
countries in the world are planning for a concerted ac¬ 
tion to check environmental pollution. Incidence of di¬ 
oxins is high in industrialized countries and extensive 
work is being carried out in countries like USA, Ger¬ 
many, Sweden, Japan, etc. In the Asian context, India is 
the highest producer of livestock, and thus the depend¬ 
ence of humans on livestock and its products is high. 
These livestock are dependent on the soil and plant sys¬ 
tems, which are being highly influenced by the ‘modern 
agricultural systems’. 

India is entering a fast growth phase of industrializa¬ 
tion. The emissions from the chemical industries will 
result in the emission of PCBs, PCDDs and PCDFs in 
the surrounding environment, which will have an impact 
on the soil-plant systems of that area. It is desirable to 
assess the TCDD values in soil and crops around the 
sources of emission. Several studies have been at¬ 
tempted to determine the formation mechanism of 
PCDD/PCDF, but there still exist many areas where the 
information is incomplete. 

Sufficient data are lacking in India to compare the 
levels of dioxin emission and consumption with the 
standards already established in developed countries. 
The standards and check levels of the industries around 
the farms should be introduced and implemented to the 
maximum level. 
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The birth of the semiconductor superlattice* 


L Esaki 

In 1969, research on artificially structured materials was 
initiated with a proposal for an engineered semiconduc¬ 
tor superlattice with a one-dimensional periodic poten¬ 
tial by Esaki and Tsu’’^. In anticipation of advancement 
in controlled epitaxy of ultrathin layers, two types of 
superlattices were envisioned: doping and composi¬ 
tional, as shown at the top and bottom of Figure 1, re¬ 
spectively. 

Before arriving at the superlattice concept, we were 
examining the feasibility of structural formation of po¬ 
tential barriers and wells that were thin enough to ex¬ 
hibit resonant tunneling^ A resonant tunnel diode"^’^ 
appeared to have more spectacular characteristics than 
the Esaki tunnel diode^ the first quantum electron de¬ 
vice consisting of only a single tunnel barrier. It was 
thought that advanced technologies with semiconductors 
might be ready for demonstration of de Broglie electron 
waves. Resonant tunnelling can be compared to the 
transmission of an electromagnetic wave through a 
Fabry-Perot resonator. The equivalent of a Fabry-Perot 
resonant cavity is formed by the semiconductor potential 
well sandwiched between the two potential barriers. 

The idea of the superlattice occurred to us as a natural 
extension of double-, triple- and multiple-barrier struc¬ 
tures: the superlattice consists of a series of potential 
wells coupled by resonant tunnelling. An important pa¬ 
rameter for the observation of quantum effects in the 
structure is the phase-coherent, length which approxi¬ 
mates to the electron mean free path. This depends on 
bulk as well as the interface quality of crystals, and also 
on the temperatures and values of the effective mass. As 
schematically illustrated in Figure 2, if characteristic 
dimensions such as superlattice periods or well widths 
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are reduced to less than the phase-coherent length, the 
entire electron system will enter a mesoscopic quantum 
regime of low dimensionality, being in a scale between 
the macroscopic and the microscopic. Our proposal was 
indeed to explore quantum effects in the mesoscopic 
regime. 

The introduction of the one-dimensional superlattice 
potential perturbs the band structure of the host materi¬ 
als, yielding a series of narrow subbands and forbidden 
gaps which arise from the subdivision of the Brillouin 
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Figure 1. Spatial variation of the conduction and valence band 
edges in two types of superlattices: a doping; b compositional. 
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Figure 2. Schematic illustration of a ‘mesoscopic’ quantum regime 
(hatched) with a superlattice or quantum wells in the inset. 

zone into a series of minizones. Thus, the superlattice 
was expected to exhibit unprecedented electronic prop¬ 
erties. At the inception of the superlattice idea, it was 
recognized that the long, tailored lattice period provided 
a unique opportunity to exploit electric-field-induced 
effects. The electron dynamics in the superlattice direc¬ 
tion was analysed for conduction electrons in a narrow 
subband of a highly perturbed energy-wave-vector rela¬ 
tionship. The result led to the prediction of the occur¬ 
rence of a negative differential resistance at a modestly 
high electric field, which could be a precursor of the 
Bloch oscillation. The superlattice, apparently, allows 
us to enter the regime of electric-field-induced quanti¬ 
zation: the formation of Stark ladders,for example, 
can be proved in a (one-dimensional) superlattice,^ 
whereas in natural (three-dimensional) crystals the exis¬ 
tence and real nature of these localized states in a high 
electric field have been controversial 
This was, perhaps, the first proposal which advocated 
to the engineer with advanced thin-film growth tech¬ 
niques a new semiconductor material designed by apply¬ 
ing the principles of the quantum theory. The proposal 
was indeed made to the US Army Research Office 
(ARO), a funding agency, in 1969, having daringly 
stated, with little confidence in a successful outcome at 
the time, The study of superlattices and observations of 
quantum-mechanical effects on a new physical scale 
may provide a valuable area of investigation in the field 
of semiconductors’. 


Although this proposal was favourably received by 
ARO, the original version of the paper^ was rejected for 
publication by Physical Review on the referee’s uni¬ 
maginative assertion that it was too speculative and in¬ 
volved no new physics. The shortened version published 
in IBM J. Res. Develop? was selected as a Citation 
Classic by the Institute for Scientific Information (ISI) 
in July 1987. Our 1969 proposal was cited as one of the 
most innovative ideas at the ARO 40th Anniversary 
Symposium, Durham, North Carolina, 1991. 

At any rate, with the proposal, we initiated such a 
formidable task as to make a gedanken experiment a 
reality. In some circles, the proposal was criticized as 
close to impossible. One of the objections was that a 
manmade structure with compositional variations in the 
order of several nanometers could not be thermody¬ 
namically stable because of interdiffusion effects. For¬ 
tunately, however, it turned out that interdiffusion was 
negligible at the temperatures involved. 

In 1970, Esaki et al.^^ studied a GaAs-GaAso.sPo.s 
superlattice with a period of 20 nm synthesized with 
CVD (chemical vapour deposition) by Blakeslee and 
Aliotta*^. Although transport measurements failed to 
reveal any predicted effect, the specimen probably 
constituted the first strained-layer superlattice having a 
relatively large lattice mismatch. Early efforts in our 
group to obtain epitaxial growth of and 

Cdi_:cHg;cTe superlattices were soon abandoned be¬ 
cause of the rather serious technological problems at 
that time. Instead, we focused our research effort on 
compositional GaAs-Gai AL As superlattices grown 
with MBE (molecular beam ephaxy). In 1972, Esaki et 
al?^ found a negative resistance in such superlattices, 
which was, for the first time, interpreted in terms of the 
superlattice effect. 

Following the derivation of the voltage dependence of 
resonant tunnel current^, Chang et aO^ observed the 
current-voltage characteristics with a negative resis¬ 
tance. Subsequently, Esaki and Chang^^ measured 
quantum transport properties in a superlattice with a 
narrow bandwidth, which exhibited an oscillatory behav¬ 
iour. Tsu et al.^'^ performed photocurrent measurements 
on superlattices subject to an electric field perpendicular 
to the plane layers with the use of a semitransparent 
Schottky contact, which revealed their miniband con¬ 
figurations. 

Heteroepitaxy is of great interest for the growth of 
compositional superlattices. Innovations and improve¬ 
ments in epitaxial techniques such as MBE and MOCVD 
(metalloorganic chemical vapour deposition) have made 
it possible to prepare high-quality heterostructures. Such 
structures possess predesigned potential profiles and 
impurity distributions with dimensional control close to 
interatomic spacing. This great precision has cleared 
access to the mesoscopic quantum regime 

Since a one-dimensional potential can be introduced 
along with the growth direction, famous examples in the 
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Figure 3. Growth in relevant papers at the biennial International 
Conference on the Physics of Semiconductors. ' 

history of one-dimensional mathematical physics, in¬ 
cluding the above-mentioned resonant tunnelling^, 
Kronig-Penney bands^°, Tamm surface states^^, Zener 
band-to-band tunnelling^^, and Stark ladders including 
Bloch oscillations^"^, all of which had remained more or 
less textbook exercises, could, for the first time, be 
practised in a laboratory. Thus, do-it-yourself quantum 
mechanics is now possible, since its principles dictate 
the details of semiconductor structures'^. 

We have witnessed remarkable progress in semicon¬ 
ductor research of superlattices and quantum wells over 
the last two decades. Our original proposal^ and pio¬ 
neering experiments apparently triggered a wide spec¬ 
trum of experimental and theoretical investigations on 
this subject. A variety of engineered structures exhibited 
extraordinary transport and optical properties which 
may not even exist in any natural crystal. Thus, this new 
degree of freedom offered in semiconductor research 
through advanced material engineering has inspired 
many ingenious experiments, resulting in observations 
of not only predicted effects but also totally unknown 


phenomena. As a measure of the growth of the field, 
Figure 3 shows the number of papers related to the sub¬ 
ject and the percentage of the total presented at the bi¬ 
ennial International Conference on the Physics of 
Semiconductors. After 1972, when the first paper^"^ came 
on the scene, the field went through a short period of 
incubation and then experienced a phenomenal expan¬ 
sion in the 1980s. It appears that nearly one-half of 
semiconductor physicists in the world are working in 
this area. Activity in this new frontier of semiconductor 
physics has in turn given immeasurable stimulus to de¬ 
vice physics, provoking new ideas for applications. 
Thus, a new class of transport and optoelectronic de¬ 
vices has emerged. In this interdisciplinary research, 
there have been numerous beneficial cross-fertilizations. 
I hope this article provides some flavour of the excite¬ 
ment associated with the birth of the semiconductor su¬ 
perlattice. 
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NMR studies on the Myb-DNA system 

P. K. Radha, Anup Madan, L. C. Padhy and R. V. Hosur 

Tata Institute of Fundamental Research, Homi Bhabha Road, Bombay 400 005, India 


NMR structural studies on a bacterially produced DNA 
binding domain of Drosophila c-Myb protein as well 
as its cognate DNA sequence carried out in our 
laboratory have been surveyed. The structure of a 
self-complementary dodecamer DNA containing the 
Myb responsive element (TAACGG) has been deter¬ 
mined to atomic resolution by the combined use of 
two-dimensional NMR, spectral simulations, restrained 
energy minimization and distance geometry calcula¬ 
tions. The structure is seen to possess novel features 
which may play important roles during its interaction 
with the Myb protein. The DNA binding domain of 
c-Myb protein was seen to have a hydrophobic core 
and we have identiHed the types of residues contribu¬ 
ting to its formation. Residues contributing to^ the 
hydrophobic core formation are seen to be well spread 
out over the whole length of the 160 residues in the 
protein and include isoleucines, valines, leucines, 
alanines threonines, aromatic residues, glutamines and 
possibly aspartates. Our experimental data in combina¬ 
tion with those of others indicate that some of the 
amino acid residues which form the helical motifs that 
directly interact with DNA may also be a part of the 
hydrophobic core. 


Nuclear magnetic resonance (NMR) spectroscopy has 
grown leaps and bounds during the last decade, esta¬ 
blishing itself as the single most reliable technique for 
precise determination of three-dimensional (3D) struc¬ 
tures of biological macromolecules in solution^ Starting 
from the discovery of Fourier transform NMR^ in the 
1960s, a series of developments such as multidimensional 
NMR\ rotating frame experiments^ inverse detection 
techniques^ and gradient enhancement techniques^ have 
contributed to the possibility of 3D structure determina¬ 
tion of proteins and nucleic acids having molecular 
weights (MWs) as large as 20 kDa. Nearly a hundred 
protein structures and a similar number of nucleic acid 
structures in the MW range of 5-15 kDa have been 
determined to date with the above techniques. The 
developments in NMR have been facilitated by parallel 
developments in other areas, namely computer technology 
and genetic engineering, the former contributing to data- 
handling, spectrometer control and data-processing 
abilities and the latter contributing to the production of 
desired molecules in large quantities. The developments 
are still occurring at a rapid pace and the objective is 
to push the molecular size limits to even higher ranges 
of 30-40 kDa. These developments will take us in 


the realm of biology, providing insights into structure- 
function relationships in biomolecules. 

The c-Myb protein is a proto-oncogene product which 
binds to DNA in a sequence-specific manner^ ^ The 
protein functions as a transcriptional regulator in ver¬ 
tebrates and activates a large number of genes cor¬ 
responding to different proteins^~‘^. The DNA binding 
activity of the protein is mediated by a region close to 
its amino terminusThis domain contains three 
imperfect, tandem repeats of 51-53 amino acid residues 
and is represented in general as R1-R2~R3 (or R1R2R3). 
Each of the repeat units contains three tryptophan residues 
that are evenly spaced, 18-19 amino acids apart, and 
are evolutionarily conserved. Besides, the sequences 
corresponding to the DNA binding domains of the Myb 
proteins are highly conserved through evolution and 
have been detected in as widely divergent species as 
yeast, Arabidopsis, Zea Mays, Drosophila, chicken, 
mouse and man^^’^^\ It is, therefore, envisioned that the 
tryptophan residues play an important role, directly or 
indirectly, in sequence-specific DNA binding. This notion 
is further supported by site-directed mutagenesis experi¬ 
ments, where replacement of tryptophans at many posi¬ 
tions was found to affect drastically the DNA binding 
properties of the R1R2R3 protein^k 

The three-dimensional structure of the R1R2R3 protein 
is not yet known. To date, there have been three reports 
of nuclear magnetic resonance (NMR) studies; one on 
the solution structure of R3 repeat^^ and two on the 
R2R3 repeats^^’from two different species, mouse and 
chicken. The sequence homology in these proteins is 
more than 70%, being much better in the R3 domain. 
In the mouse protein it was observed that both R2 and 
R3 repeats contain three helices each and the typical 
helix-turn-helix motif was present in both the domains. 
In the case of chicken it was observed that the R3 
domain contained three helices with a helix-turn-helix 
motif, while the R2 domain contained only two helices. 
The R1 domain exhibited largest variations in sequence 
homology and its exact role in the DNA binding process 
is not yet fully understood. It is, however, known that 
the presence of the R1 domain enhances the DNA 
binding affinity of the protein. 

The consensus nucleotide sequence of Myb recognition 
has been identified to be YAACKG; more recently, this 
has been extended to 8 bases as YAACKGHH, where 
Y = C/T, K = G/T and H = A/C/T^^. However, since the 
extension has substantial variability, it is unlikely to be 
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involved in specific contacts with the protein. There are 
conflicting reports in the literature as to whether the 
conformation of the protein changes on complex for¬ 
mation with DNA or not. From gel electrophoresis 
experiments, indications have come that the interaction 
induces bending in DNA^^ Recent NMR results on the 
R23-DNA complex^"^ have shown that the core AAC 
sequence makes the maximum specific contacts with 
the protein side-chains and the phosphate interactions 
provide a greater stability to the complex. 

In the last few years we have studied the structure 
and interactions of the Drosophila melanogaster (Dm) 
c-Myb protein with its specific cognate DNA sequences. 
We have bacterially overexpressed the DNA binding 
domain of Z)m-Myb, a polypeptide of 160 amino acid 
residues, and examined its structure and interactions by 
various spectroscopic techniques^^'^*. This article gives 
a survey of the significant achievements, with emphasis 
on the NMR-derived results. First we describe the solu¬ 
tion structure of the Myb responsive element (MRE) 
determined to atomic resolution, and then describe the 
structural aspects of the hydrophobic core, which probab¬ 
ly plays an important role in spatially orienting the 
helical segments directly involved in protein-DNA inter¬ 
actions. 

Solution structure of the cognate DNA 
sequence 

The DNA sequence considered here is d-ACCGT- 
TAACGGT, the underlined stretch being the Myb recog¬ 
nition sequence. The molecule is self-complementary 
and, hence, exists as a duplex in solution under the 
usual conditions of room temperature, neutral pH and 
low salt, 0.1 M NaCl. The structure has been determined 
by combined use of 2D NMR, restrained energy minimi¬ 
zation and distance geometry calculations, whose details 
have appeared elsewhere^l Briefly, the following steps 
were involved. First, sequential resonance assignments 
were obtained by standard procedures based on 2D 
NMR^ Then 2D J-correlated spectra were quantitatively 
interpreted for extracting coupling constant information 
and NOE correlated spectra were semiquantitatively inter¬ 
preted to obtain rough estimates of the interproton 
distances. In the next stage, quantitative interpretation 
of the NOESY cross-peaks intensities in terms of 3D 
structure was carried out by explicit relaxation matrix 
calculations and iterative comparisons of the calculated 
and the experimental intensities. This step is described 
in some detail in the following paragraphs. 

Experimental peaks in a 300 ms NOESY spectrum 
were integrated above suitable thresholds by summing 
up all the points spanning the peak. Calculated NOE 
intensities for any starting structure were obtained by 
relaxation matrix calculation^^’^"^ followed by a scaling 


procedure inherent in the SIMNOE algorithm^\ All the 
integrated intensities thus obtained were referenced to 
a particular peak in both experimental and calculated 
spectra for normalization and comparison. In the absence 
of a good fit, the structure was refined and the procedure 
repeated until a satisfactory fit resulted. The iterative 
structure refinement proceeded as follows. A set of 
distance constraints with upper and lower bounds was 
derived by looking at the NOE fits at any particular 
step. Then restrained energy minimization with the NOE 
potential defined in terms of distance violations was 
carried out using the software package X-PLOR^^ for 
about 20-200 cycles. NOE fits were checked and the 
distance constraint set redefined to drive the structure 
towards a better fit. The restrained energy. minimization 
included also the 120 dihedral angle constraints to 
restrict the sugar geometries in both the strands to the 



CO 

w 







10 .20. 30 40- -50 60 

PEAK NUMBER 


70 80 90 


Figure 1. a, Comparison of experimental and calculated NOE peak 
intensities for the initial (B-DNA) model. Open circles represent 
overlapping peaks and filled circles nonoverlapping peaks. The peaks 
have been arranged sequencewise from left to right, b, Peak-to-peak 
fit of experimental and calculated NOE peak intensities for the final 
structure, c, Peak-to-peak fit for-the two structures S2 and S3 differing 
by only 0.05 A on the all-atom r.m.s.d. scale, d, Comparison of 
simulated NOE intensities for the final structure SI and another distance 
geometry generated structure S2, which differs from SI to an extent 
of 0.68 A on the all-atom r.m.s.d. scale. 
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ranges derived from the coupling-constant information; 
The whole procedure was repeated with different starting 
models, and we noted that an energy-minimized B-DNA 
as the starting structure provided the best NOE fits at 
the end. 

Figures 1 a and show the initial and final fits for 
95 NOE peaks for each strand of the 12-mer duplex. 
The NOE set consisted of 61 intranucleotide and 34 
internucleotide peaks. To appreciate the adequacy of the 
NOE set and the quality of the fit in terms of closeness 
of the structure to the correct structure, we have carried 
out the following exercise. We selected two intermediate 
structures labelled S2 and S3, which had an all-atom 
r.m.s.d. (root mean square deviation) of 0.69 and 0.68 A, 
respectively, from the final structure (labelled SI). We 
then compared the calculated NOEs of all the three 
structures and these are depicted in Figures \c,d in 
the same manner as the fits in Figure 1 b. These results 
provide a correlation between the similarity of structures 
and the similarity of NOE fits for the 95 peaks used. 
The two^ structures S2 and S3 which have an r.m.s.d. 
of 0.05 A and thus are clearly identical have almost 
identical NOEs (Figure 1 c); the differences seen reflect 
the small differences in structures. Further, the structures 
SI and S2, which are also close to the extent of 0.69 A 
on the r.m.s.d. scale, have NOEs differing by 25-50% 
for a large number of peaks; a few peaks differ to a 
wider extent. This indicates that even as small a structural 
difference as 0.69 A on the r.m.s.d. scale results in 
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Figure 2. Analysis of the backbone torsion angles of 25 DG-generated 
strucmres. The individual torsion angles for all the nucleotides belonging 
to different structures are indicated by the value in degree in the 
corresponding dial. The direction of rotation is indicated in the first 
dial. The torsion angle is indicated in the top row and the nucleotide 
number in the leftmost column. As can be noted from the analysis, 
the torsion angles for all the residues are similar within -S-IO” for all 
the structures, indicating a single dominant structure for the DNA segment. 



u final energy-minimized structure, b. The cour.se of the local helix axis and the base pair normals with respect 

of he noh “ f f r ^ave also been indicated, c. Comparison 

or the orthogonal views of the final structure and the B-DNA structure. ^ 
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Figure 6. Experimental illusiraiion of the spectral simplifications 
achieved in the 3D spectrum as compared to the 2D spectrum, a. 
Portion of 2D clean TOCSY spectrum, b, A plane through 

the full 3D spectrum, at a shift of 33.4 ppm. A number of 
correlations which are hard to find out clearly in the top spectrum 
are readily identified in the lower spectrum and these have been 
indicated. The spin systems of K, V and Q residues can be clearly 
seen. 


solvent, and loss of secondary structure elements indi¬ 
cated that the hydrophobic core may be the most stable 
element since it is the last one to get disrupted by urea. 
The fluorescence results also indicated that all the three 
repeats, Rl, R2 and R3, in the protein contribute to 
the formation of the hydrophobic core. Because of these 
significant observations, we have tried to characterize 


the nature of the hydrophobic core in terms of identifying 
the participating amino acids by NMR spectroscopy. 

Specific monitoring and distinction of the interior 
residues from the exterior ones can be made in NMR 
by making use of the fact that the amide and other 
side-chain NH 2 groups lying on the surface of the protein 
exchange protons more rapidly with solvent compared 
to those in the interior of the protein. Deuterium exchange 
studies provide the most direct method to identify the 
slowly exchanging amides (exchange rates < 10^ s"’) in 
the protein. Amides exchanging faster than this rate will 
not be visible in the spectra in ^H20 solutions. In the 
case of R1R2R3 protein, we observed that only four 
or five out of the 162 NH-C“H cross-peaks could be 
counted in the clean TOCSY spectrum in ^H20 solution 
at 16“C and these were present even after two months 
of keeping the protein in ^H20. This implied that a 
small fraction of the protein is deeply buried in the 
hydrophobic environment and the rest of the protein is 
easily accessible to the solvent. We resolved to attempt 
a finer gradation of the exchange rates of amides by 
performing temperature variation experiments in H 2 O 
solutions, that is, if the amide proton resonances are 
monitored as a function of temperature, the fast ex¬ 
changing amides disappear from the spectra faster and 
this provides a useful filter to study the slowly ex¬ 
changing amide protons. We may mention here that the 
spectra in ^H 20 solutions did not show perceptible 
major changes as the temperature was raised slowly 
from 16 to 80“C. This indicated rather qualitatively that 
the structural core of the protein did not undergo major 
changes, and also, more relevantly in the present context, 
that the chemical shift assignments we would obtain at 
a higher temperature can be extrapolated to lower 
temperatures. 

Figure 5 shows the same regions of clean TOCSY 
spectra of R1R2R3 protein at 16 and 80°C recorded 
with the same mixing time of 80 ms. Several points are 
noteworthy from these two spectra: (i) All the side-chain 
NH 2 ’s of lysines and arginines, which can be easily 
identified from their characteristic relay peaks to other 
nonexchangeable protons along their chains, have ex¬ 
changed out with water at 80°C. This implies that these 
two residue types lie entirely on the surface of the 
protein, (ii) Quite substantial simplification of the 
spectrum has occurred at 80°C and it is possible to 
count peaks in different regions; nearly 75 NH-C“H 
peaks could be counted in the fingerprint region of the 
spectrum at 80°C. Here it may be noted that several 
C“H protons occurring at 4.20-4.25 ppm are killed by 
water presaturation at 80°C. (iii) Several NH-C^H-Cl^H 
relay peaks arising from aromatic residues and possibly 
aspartates were detectable. This identification is 
provisional and is based on the typical chemical shifts 
of protons. Actually, Cf^H protons of aspargines, 
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Figure 7. HMQC-TOCSY spectrum at natural abundance of the R1R2R3 protein recorded on BRUKER AMX 500 NMR spectrometer. 

Sample conditions: 5 mM protein, pH 5.6, temperature 16“C. 2048 and 512 t, points were used with carbon offset placed in the middle of 

the C*^ region. The carbon spectral width was 90 ppm. Quadrature direction along was achieved by the standard TPPI procedure. The MLEV 
mixing time was 51 ms. No decoupling was employed during detection and thus the direct peaks in the spectrum retain the one-bond 
coupling (they have been joined). The relay peaks are, however, single peaks. The various peak assignments indicated have been obtained by 
analysis of different 2D spectra and the 3D spectrum. 


glutamines and cysteines are also expected in this region, 
but the presence of aspargines and glutamines can be 
easily checked from the double quantum (DQ) spectra. 
Indeed, the DQ spectra in H 2 O showed that aspargines 
were absent but some glutamines were present whose 
C^H positions have consequently been identified. The 
presence or absence of cysteine was not possible to 
ascertain from these experiments. The number of remain¬ 
ing peaks suggested that both aromatic and aspartate 
residues were retained, (iv) There are clearly several 
methyl-bearing residues such as isoleucines, leucines, 
alanines, threonines and valines, and the NH protons 
of these show a reasonable spread. 

Additional residue type identification of peaks at SO^’C 
was obtained from the heteronuclear correlated 

2D and 3D spectra. The spectra shown in Figure 6 
illustrate how 3D spectra can be used for spin system 
identifications. The spectrum in (a) is the usual clean 
TOCSY spectrum in ^H20, which contains all the obser¬ 
vable correlations and relay peaks for the protein. 

Clearly, the spectrum is highly crowded and difficult 


to analyse for unambiguous connectivities. The spectrum 
in (b) is a slice through the three-dimensional 
separated ’H-’H clean TOCSY spectrum taken at a 
particular carbon chemical shift. The spectrum is now 
simpler and the peaks can be readily identified as 
originating from particular spin systems. Such an analysis 
of all possible ^^C planes allows the identification of 
all the amino acid residues in the protein. Figure 7 
summarizes all the identified spin systems in a 2D 
HMQC-TOCSY spectrum, which is basically a 
correlation spectrum including the relays at 

specific ^^C chemical shifts. The peaks in this spectrum 
provide a cross-check for the validity of the assignments 
made from 3D spectral analysis. An important observa¬ 
tion made from this spectrum is that the methyl-bearing 
residues which are difficult to distinguish in 
correlated spectra are easily distinguished on the basis 
of the ’^C chemical shifts. 

The above assignments provide a basis for the iden¬ 
tification of the peaks in Figure 5. Figure 8 shows the 
specific side-chain assignments to residue types obser- 
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8-0 7-5 

Figure 8 Specific side-chain assignments to residue types observed 
in the clean TOCSY spectrum (80 ms spin lock time) of R1R2R3 
protein in Hp recorded at 80“C. Cross-peaks belonging to valines 
and leucines are indicated by vertical lines. Peaks belonging to glutamine 
and threonine y have been boxed, and those belonging to alanines 
have been labelled A. The 11 isoleucine fs have been labelled as I. 

'/able at 80“C that probably constitute the hydrophobic 
core in the R1R2R3 protein. We noticed here that 
backbone amide protons had reasonable spread and we 
could count 5-6 valines, 7 alanines, 6 threonines, 5-6 
leucines, 11 isoleucines and 7-8 glutamines. There were 
several other peaks which originated, very likely, from 
aspartates and aromatic residues; the latter have 
hydrophobic character and hence are expected to remain 
shielded from the water. 

Figure 9 shows the sequence-wise location of the 
various residues identified in Figure 8. We notice that 
the residues are distributed along the whole length of 
the protein. This indicates that all the three repeats 
contribute to the formation of the hydrophobic core in 
the protein and about 70-80 residues contribute to its 
formation. It is also worthwhile noting that glutamines 
and aspartates, which are hydrophilic residues, are also 
included in the above list. A possible explanation could 
be that they are involved in the formation of hydrogen 
bonds through their polar side-chains with other residues 
in the protein. Examination of the relative positions of 
the hydrophobic residues in the sequence, vis-d-vis the 
known secondary structure elements of vertebrate 
R1R2R3 from NMR studies in the conserved R3 and 
R2-R3 domains and their DNA complexes^^’"\ reveals 
that some of the hydrophobic core residues may form 
parts of helices involved in specific interactions with 
the DNA. The helices may be lost at elevated tempera- 
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Figure 9. Amino acid sequence of R1R2R3 protein indicating the 
residues (boxed) for which the amides are observed at 80“C. All the 
residues (excepting the terminal ones) of any particular type that has 
been seen in the high-temperature spectrum have been marked, although 
we were able to count the numbers only in few cases. For example, 
separate identification of all peaks belonging to individual aromatic 
residues was not done. But the total count in the figure tallies closely 
with the total number of residues seen in the spectrum. We notice 
that the slowly exchanging amides are spread out all along the sequence, 
implying participation of all the portions of the protein in the formation 
of the hydrophobic domain. The circled residues are expected to be 
forming helices, from sequence comparison with R2-R3 domains of 
mouse and chicken c-Myb, whose NMR secondary structures have 
been reported recently^^’ 

tures but the hydrophobic core appears to be the last 
one to get disrupted^^ 

Conclusions and future directions 

We have described in this article structural information 
derived from NMR studies in our laboratory, on a 
specific target DNA sequence of the DNA binding 
domain of Drosophila melanogaster c-Myb protein and 
also on the hydrophobic core present in the protein 
where the DNA binds. The structure determination has 
unravelled important features which could constitute hot 
points of recognition. Extensive use of homonuclear and 
heteronuclear two- and three-dimensional NMR experi¬ 
ments has enabled gross identification of residue types 
involved in the formation of the hydrophobic core in 
the protein, which has an important role to play in 
DNA recognition. The hydrophobic core seems to be 
constituted by all the three repeats in the protein. 
Sequence comparison with R2-R3 domain of mouse and 
chicken c-Myb, for which NMR structures were reported 
recently, provided clues to identification of the secondary 
structure and of the so-called helix-turn-helix motif of 
DNA recognition. This provides a supplementary chara¬ 
cter to our previous work on R1R2R3-DNA interaction 
by fluorescence quenching studies, in that the cognate 
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DNA binding site of this protein is associated with a 
hydrophobic core element being surrounded by 4-5 
tryptophans, at least one tyrosine and a cysteine^^"^^. 

The work reported in this paper represents an important 
step forward in our efforts to understand DNA-Myb 
interaction and recognition at the atomic level. A lot 
more remains to be done from the viewpoint of 3D 
structure determination of the protein and of the complex. 
Sequence-specific assignment of resonances is the most 
crucial step requiring the employment of a battery of 
multidimensional NMR experiments on isotopically 
and labelled protein. Indeed, we have just success¬ 
fully achieved the production of large amounts of labelled 
R1R2R3 protein. 

Atomic-level structure determinations of the R1R2R3 
and also of their segments R1R2, R2R3 and R3, which 
are also in the offing in our laboratory are expected to 
throw light on several important questions. For example: 

(1) What is the role of R1 repeat in specific recognition? 

(2) Do the individual repeats retain their structural motifs 
when any of the other repeats is knocked off from the 
protein? (3) Which are the residues making contact with 
the DNA and how is the specificity of interaction 
brought about? (4) Is it possible to alter the DNA 
binding specificity by structural-knowledge-based muta¬ 
tions in the protein? 
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'Sewariya batholith’, the largest of Erinpura granite 
intrusions in the South Delhi Fold Belt is evolved from 
a two-stage subduction process. The Sewariya grani¬ 
toids comprise three major mineralogical varieties, viz. 
hornblende-biotite granite, biotite granite and leuco- 
granite. The hornblende-biotite granite is a deep-level 
I-type granite, whereas the other two are orogenic, 
S-type anatectic granites formed by partial melting of 
the same source material under varying physicochemi¬ 
cal conditions. These two granite types also host the 
tungsten and lithium mineralization. The W and Li 
minerals show perfect separation and host rock dis¬ 
crimination. The W minerals are associated with biotite 
granite, whereas the leucogranite hosts the Li minerali¬ 
zation. 


The folded rock sequences of northwestern part of the 
Indian shield in the state of Rajasthan contain two 
principal well-defined Proterozoic fold belts, the early 
Proterozoic Aravalli and the Middle to Late Proterozoic 
Delhi Fold Belt. The Delhi Belt extending from Delhi 
in the northeast to northern Gujarat in the southwest is 
exposed in two discrete sectors^ viz. North Delhi Fold 
Belt (NDFB) in northeastern Rajasthan and South Delhi 
Fold Belt (SDFB) towards southwest, with its best 
development in the main Aravalli hill range near Ajmer 
and in western Mewar. The Delhi sequence has been 
traced into southwestern Rajasthan but its physical con¬ 
tinuity is inten’upted by a vast expanse of alluvium, 
resulting in tremendous correlation uncertainties. Orogenic 
activities manifested by continuous polyphase acid mag- 
matism have been documented in NDFB by 1600-1500 
Ma granites and by 850-700 Ma plutonic belt in SDFB, 
overlapped and followed by the Malani igneous activity 
(740-430 Ma). The SDFB is intruded by a number of 
granitoid bodies ranging from minor intrusions to composite 
batholiths. The 22 mile long and 4 mile wide Sewariya 
batholith is the largest of the Erinpura granite intrusions 
in the northern half of the Delhi synclinorium^ 

Location and geological setting 

The present work deals with the evidences of typical 
mutual association of specific granitoid host vis-a-vis 


tungsten and lithium mineralization in the area south 
of Luni river in northwestern flank of SDFB (26'’30" 
to 26"32'N and 74°05' to 74“22'E) around village 
Sewariya in district Pali, Rajasthan (Figure 1). The 
geological setting of the area is shown in the detailed 
lithologic map (Figure 1) and the stratigraphic sequence 
is summarized in Table 1. 

The oldest rocks encountered in the area are the 
Pre-Delhi metamorphites comprising mica schist, gneisses 
and amphibolites. These are overlain by two thick bands 
of marble, commonly known as ‘Ras Marble’. The 
contact between Ras Marble and Pre-Delhi rocks is 
either concealed by alluvium or infested by pegmatites. 
The Ras Marble is coarse-grained, light grey and thickly 
bedded massive carbonate rock containing minor quan¬ 
tities of quartz, felspar along with epidote, zoisite, 
diopside and tremolite as accessories. A volcano-sedimen¬ 
tary assemblage constituting the Barotiya Group con¬ 
taining meta-argillite (+/- autoclastic conglomerate), 
tourmalinite, meta-basic volcanics, meta-gabbro, meta- 
arkose, marble and chert overlies the Ras sequence. The 
contact between Barotiya group of rocks and the Pre- 
Delhi metamorphites/Ras Marble is obliterated and occu¬ 
pied by Sewariya granitoids (SG). The meta-argillite 
contains quartz, biotite, plagioclase, garnet, tourmaline, 
staurolite, andalusite, sillimanite (fibrolite), apatite and 
magnetite. Tourmalinite contains mainly tourmaline and 
quartz besides minor opaques and biotite as accessories. 
The meta-volcanics of the Barotiya group exhibit bimodal 
composition'. In the present area only the mafic com¬ 
ponent having actinolite, plagioclase (andesine), quartz, 
sodic hornblende, epidote, apatite, leucoxene and opaques 
is exposed. Relict pyroxene cleavage is observed in the 
amphiboles. Alteration of hornblende into chlorite and 
plagioclase into saussurite is also seen. Three petro¬ 
graphic variants of meta-gabbroid bodies have been 
identified in the field. Marble contains discrete clasts 
of anhedral quartz in fine micritic mass along with 
zoisite, clinozoisite and apatite as common accessory 
minerals. Meta-arkose is dirty-white-coloured, medium¬ 
grained rock containing mainly quartz and felspars 
besides muscovite and apatite along with minor opaques. 
Meta-chert occurs as thin linear bands within meta-arkose 
unit in the area. 
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Figure 1. Lithostratigraphic map of the Sewariya region. Map of India showing the location of the study area is also given in the inset. 


Various structural elements recorded in the area are 
in harmony with the deformations related to SDFB. The 
overall strike pattern, litho-contacts and linear shears of 
the area are in conformity with NNE-SSW-trending 
Aravalli orographic axis. Three generations of confor¬ 
mable deformational structures have been recognized in 
both Ras and Barotiya group of rocks, while one more 
phase of earlier folding is also recorded in the Pre-Delhi 
rocks. Shears usually follow the zones of weakness and 


contribute prominent linearity to the overall outcrop 
pattern. 

The area of the present study has undergone two progres¬ 
sive metamorphic phases involving lower greenschist to 
sillimanite-almandine subfacies of amphibolite facies and 
subsequent anatexis, followed by a retrogressive phase of 
metamorphism under lower greenschist facies. The grade 
of metamorphism in this sector increases westwards and 
the isograds are parallel to the regional planar fabric. 
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Table 1. Stratigraphic succession of the Sewariya region 


Syn- to Post-Delhi 


Pegmatites; quartz tourmaline; 

intrusives 


quartz andalusite; quartz felspar 
and quartz veins 

Leucogranite; biotite granite; 
hornblende-biotite granite 

Intrusive contact 

Delhi super group 

Barotiya 

Marble; meta-chert; meta-arkose; 


group 

Ras 

tourmalinite; meta-volcanics; meta 
gabbro; mica schist (+/- autoclastic 
conglomerate) 


sequence 

Marble 

Structural hiatus 

Pre-Delhi 


Metamorphites 


Granitoids and metallogeny 

Three types of granitoids, viz. leucogranite, biotite granite 
and hornblende-biotite granite, are exposed in the present 
area. The latter two granite types and their associated 
W +/- Li +/- Sn mineralization have already been 
studied in detail. During the present study the authors 
have identified the leucogranite variety and have also 
successfully discriminated exclusive association of 
tungsten mineralization with biotite granite and lithium 
with leucogranite-pegmatoid phase. The hornblende- 
biotite granite seems to be absolutely devoid of any 
mineralization. 

Leucogranite is a fine- to medium-grained, white- to 
dirty-white-coloured rock occurring as small pods and 
irregular bodies of extremely variable size, in the eastern 
part of the area within meta- argillites. The smaller 
bodies and pegmatite veins lie concordant to the planar 
fabric and are often boudinaged. The typical mineral 
assemblage of this rock is quartz, plagioclase (mainly 
albite), K-felspar, muscovite, tourmaline and garnet with 
small amounts of apatite. Tourmaline occurs either as 
irregular masses or as euhedral prisms with 10-15% 
modal abundance. The leucogranite does not contain a 
single flake of biotite. 

The biotite granite and the leucogranite are meta- to 
per-aluminous, highly fractionated in character, showing 
depletion of compatible elements like Fe, Mg, Ti, Ca, 
Ni, etc. (Table 2). The relatively more fractionated (high 
SiOj, very low MgO and CaO and higher alkalies), 
homogeneous leucogranite has characteristic absence of 
biotite and zircon, implying efficient separation of melt 
from solid residual phases'^. The low Li content of 
leucogranite (65 ppm) can be attributed to the partitioning 
of Li into the residual melt phase during fractionation 
and its ultimate segregation as Li phosphate minerals 
in the late-stage pegmatoid phase associated with 
leucogranite. The low W content of leucogranite is due 
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Table 2. Major and trace element analysis of Sewariya granitoids. The 
major oxides are represented as wt% and the trace elements in ppm 



Range 

Average^ 

Average^ 

Si 02 

67.71-80.18 

71.83 

73.62 

Ti 02 

0.07-0.50 

0.22 

<0.05 

Aip, 

9.67-15.60 

13.13 

14.88 


0.40-4.70 

1.93 

0.76 

FeO 

1.08-3.17 

1.80 

0.90 

MnO 

0 . 01 - 0.10 

0.04 

0.04 

MgO 

0.05-1.3 

0.64 

0.04 

CaO 

0.56-2.48 

1.36 

0.41 

Na,0 

0.14-4.64 

2.57 

4.86 

K 26 

3.72-6.05 

4.91 

3.53 

P2O5 

0.03-0.22 

0.12 

0.22 

Trace elements 

Ni 

10-20 

13 

< 10 

Zr 

20-50 

28 

<20 

Li 

20-900 

135 

65 

W 

20-100 

50 

<50 


* Average of 15 biotite granites. 
^Average of 2 leucogranites. 

< = Below detection limit. 


to the absence of biotite phase, which is the carrier 
and the most suitable locale for W concentration. 

The biotite granite is heterogeneous in nature, with 
composition comparable to the metasediments of the 
area^ It is well differentiated, per-aluminous, orogenic, 
S-type granite with calc-alkaline affinities^. The initial 
of 0.74552 indicates its crustal derivation from 
metasedimentary source rock^. The higher concentration 
of W is due to the presence of biotite as an important 
constituent. Higher values of Li as compared to the 
leucogranite (host for Li mineralization) is a result of 
regular partitioning of Li in the crystal phases during 
fractionation, resulting in its depletion in the residual 
melt. As such, the quartz and pegmatite veins associated 
with the biotite granite are devoid of any Li mineraliza¬ 
tion. 

The crustal anatexis and recycling of pre-existent 
crustal material plays a dominant role in granitoid 
petrogenesis. Consequent to progressive regional 
metamorphism under sillimanite-almandine subfacies of 
amphibolite facies, anatexis takes place, giving rise to 
different types of granitic magmas depending mainly 
upon the composition of the source material, its formation 
level difference and the percentage of partial melting. 
In this context the leucogranite appears to have been 
formed at higher crustal levels, generated by compara¬ 
tively lower percentage of partial fusion of supracrustals^ 
with simultaneous removal of melt from the melting 
zone under water-rich conditions as evident by the 
presence of extensive pegmatite veins. The melt initially 
segregated into small bodies, which subsequently united 
together to form larger bodies and intruded the overlying 
rocks in the eastern part of the study area. 

The SDFB with an ensialic rifting history contains 
profuse Post-Delhi granites, the older Sendra granite 
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and the younger Sewariya granite developed in response 
to the subduction process^ A perfect matching of the 
geological setting and lithological characters of the 
present area with pyrenes^'^ indicates that localized 
rifting events associated with strike-slip motion in SDFB 
have affected the basin’”. Deep circulation of ground 
waters also influenced the anatectic process by controlling 
the solidus-liquidus temperature and promoted higher 
percentage of partial melting to produce such a huge 
biotite granite pluton (Sewariya batholith), the ‘largest 
of Erinpura granite intrusions’. The biotite granite of 
the area appears to have been derived from the same 
source material at relatively deeper levels compared to 
the leucogranite, involving higher percentage of partial 
melting under essentially ‘wet’ melting conditions^ 

Both leucogranite and biotite granite are high-level, 
syn-metamorphic and syn- to post-kinematic, anatectic 
granites, but the third variety, i.e. the nonfoliated 
hornblende-biotite granite is post-metamorphic ‘deep- 
level’ granite possibly formed either exclusively from 
deeper crustal material or by mixing of mantle-derived 
mafic magma and assimilated crustal lithologies. 

The western Indian craton and its fold belts have 
provided important clues to the understanding of different 
metallotects for various mineral commodities. Incidence 
of wolframite was first recorded within Sewariya pluton 
by Rajasthan State Tungsten Development Corporation 
in 1987 and later a 14 km long tungsten mineralization 
belt was identified between Kalni in the north and 
Kotariya in the south”. The W +/- Sn +/- Li metallogeny 
associated with metallogenetically specialized biotite 
granite has been compared with similar metallogenesis 
of the Cordilleran arc systenr\ However, the present 
study reveals that the tungsten metallogeny in the eastern 
part of the area associated with meta-argillites (viz. 
Pipaliya and Pipaliya village prospects) seems to be 
exhalative strata-bound type. Subsequent enrichment in 
W content during progressive metamorphism is evidenced 
by enhanced W values in NNE-SSW- trending dewater¬ 
ing quartz veins emplaced along axial plane schistosity 
(S2). Evidences of later remobilization and enrichment 
in quartz veins associated with NNE-SSW-trending shear 
zones near and along the contact between Barotiya group 
of rocks and anatectic biotite granite have also been 
observed. In contrast, at Motiya, Kotariya, Bijathal, etc., 
the host quartz and pegmatite veins are associated with 
granitization process emplaced in and through channel- 
ways in the shear zones. Tungsten mineralization accom¬ 
panied by greissenization and as placer deposits in 
Motiya block, has also been identified. The lithium 
phosphate minerals (sicklerite, ferrisicklerite and tri- 
phylite) bearing zoned pegmatoid and quartz veins as¬ 
sociated with leucogranite phase occur concordantly 
within meta-argillites in the eastern part of the present 
area as an 18 km long belt. The younger discordant 
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veins show remobilization and enrichment. Similar phos¬ 
phate species of sicklerite-triphylite also occur as im¬ 
portant accessory minerals in numerous granitic 
pegmatites in the Pala area’^. The phosphate mineralogy 
and alteration history of these minerals indicate their 
crystallization at a relatively shallow depth’^. The crys¬ 
tallization was facilitated by the presence of a coexisting, 
exsolved, volatile-rich fluid within the pegmatite magma 
in the upper intermediate zone only’"’. The phosphate- 
silicate liquid immiscibility is not essential for lithium 
phosphate formation under water-saturated conditions’^. 

Discussion and conclusion 

The relationship between leucogranite and the biotite 
granite in the present area is not clear as the former 
is occupying the synformal cores and the latter is 
emplaced in antiformal cores of the same deformation 
(DF2). Leucogranite does not contain biotite as well as 
tungsten, whereas biotite is the main mafic mineral in 
tungsten-bearing biotite granite. Pegmatitic phase is 
ubiquitous in leucogranite and contains lithium phosphate 
minerals. Though a few pegmatite veins are associated 
with biotite granite, they are devoid of any lithium 
phosphate mineralization. Pneumatolytic quartz veins are 
a very common feature of biotite granite, which hosts 
the bulk of the tungsten mineralization. 

The absence of biotite and certain elements in 
well-differentiated leucogranite implies efficient selective 
separation of melt from solid residual phases during 
anatexis. The tungsten normally partitions along with 
biotite and hornblende in a granitic melt’^ consequently, 
the biotite-free leucogranite of the present area is devoid 
of any associated tungsten. The absence of absolute 
pegmatitic conditions and essential exsolved volatile-rich 
fluid phase in biotite granite have constrained it to host 
the lithium mineralization. The present area is charac¬ 
terized by three phases of Erinpura granitic activity. 
The leucogranite and the biotite granite are high-level, 
syn-metamorphic and syn- to post- kinematic, S-type 
granite generated by anatexis of Barotiya group 
supracrustals at different formation levels involving vary¬ 
ing percentages of partial melting. Though supracrustals 
of the area were the source for both leucogranite and 
biotite granite, effective selective separation during 
anatexis has caused lithium phosphate mineralization 
in extremely well-differentiated leucogranite under ab¬ 
solute pegmatitic conditions along with essential coexist¬ 
ing exsolved volatile-rich fluid phase. For want of such 
suitable conditions the biotite granite could host only 
the tungsten mineralization. In Stewart pegmatite, only 
the upper intermediate zone contains Li mineralization, 
while simultaneously formed lower intermediate zone is 
devoid of mineralization due to the absence of exsolved 
fluid phase, essential for mineralization'^ These obser- 
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vations also warn about uncertain chances of Li 
mineralization at deeper levels in the present area. The 
hornblende—biotite granite in this area seems to be 
devoid of any mineralization; however, further studies 
are underway to explore the possibility of its contribution 
in the metallogeny of the area. 
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Chemotherapy reduces human 
anti-filarial IgE response 

M. K. Beuria* and Manoj K. Das^ 

Parasite Immunology Division, Regional Medical Research Centre 
(ICMR), Nandankanan Road, Bhubaneswar 751 016, India 
*Present address: Department of Immunology, Central JALMA Institute 
of Leprosy (ICMR), Agra 282 001, India 

The effect of diethylcarbamazine treatment on levels 
of IgE antibodies to infective larval (L 3 ) antigen of 
Wuchereria bancrofti and to a purified allergenic 
fraction (Sd 3 o) of Setaria digitata was followed up to 
1 year in asymptomatic microfilaraemic patients in¬ 
fected with W. bancroftL IgE levels increased tran¬ 
siently by day 15, followed by marked decline 
beginning at one month and persisting up to 12 
month post-treatment. IgE responses to Sd 3 o underwent 
greater changes compared to L 3 antigen of W, bancroftL 

Filarial infection leads to an enhanced production of 
IgE antibodies in humans. The serum levels, of specific 
IgE in different categories of Wuchereria bancrofti infec¬ 
tion have been determined^’The highest level is exhi¬ 
bited by patients with chronic infection, followed by 
clinically normal people residing in the endemic regions 
and asymptomatic microfilaraemic carriers (AS). Immu¬ 
nologic changes in microfilaraemic (MF) patients as¬ 
sociated with treatment with diethylcarbamazine (DEC), 
the drug of choice in filariasis, have been studied^’ 
Chemotherapy brought about enhanced cellular immune 
responsiveness^. Changes in the antibody isotypes, espe¬ 
cially IgE, have not received adequate attention. We 
report here the effect of DEC treatment in MF patients 
on levels of IgE antibodies to a purified allergenic 
fraction of Setaria digitata adult worms and to somatic 
infective larval (L 3 ) antigen of W. bancrofti. The aller¬ 
genic fraction, which has been shown to cross-react 
serologically with L 3 antigen, exhibits IgE profile in 
filarial patients similar to that of L 3 antigen^. 

The study population was from a W. bancrofti endemic 
region of Orissa (Khurda district), India^. Eighteen 
microfilaraemic individuals of both sexes, aged 19-46 
years (median 25 years), wishing to participate in 
chemotherapy were given DEC orally for 12 days at 6 
mg/kg body weight under the supervision of a local 
medical officer.-Blood samples were collected 15 days, 
1, 3 and 8 months and 1 year after treatment. All the 
individuals were MF-negative when checked at 1 month 
post-treatment. L 3 antigens of W. bancrofti and the 
allergenic fraction of S. digitata (designated as Sd 3 (j, 
molecular wpight 30 kDa as determined by SDS-PAGE 
and G-200 Sephadex Gel filtration) were prepared as 
described earlier^’Serum IgE levels (at 1/100-fold 


^For correspondence. 


dilution) were determined by ELISA by coating the 
plates with high antigen concentrations. The procedure 
was followed as described earlier^. 

All patients had measurable levels of IgE antibodies 
to both antigens before treatment. Changes in levels of 
IgE antibodies after DEC treatment relative to pretreat¬ 
ment levels are shown in Figure 1 and Table 1. A 
significant increase (F<0.05) was noticed by day 15 
in IgE response to Sd 3 Q antigen. This was followed by 
a sharp decline, leading to values considerably lower 
than pretreatment values. The reduction observed at 1 
month reached a nadir around 3 months after treatment 
and then increased progressively. The enhancement on 
day 15 was noticed in all patients except in four (two 
unaltered; two decreased). At 3 months, 15 patients 
exhibited a reduction in IgE response to Sd 3 () antigen, 
ranging from 72 to 100%; only two patients showed 
50% and 20% drop. One patient did not exhibit any 
change after therapy. Levels of IgG antibodies to these 
antigens were, however, not affected (data not shown) 
by DEC treatment. All patients were found to remain 
amicrofilaraemic at 1 year post-treatment. It is of interest 
to note that IgE levels registered an enhancement at 1 
year from the lowest values obtained at 3 months 
post-treatment. 

Levels of IgE antibodies to Sd 3 () allergen underwent 


% Pre-treatment 



Figure 1. Antifilarial IgE levels after DEC treatment expressed as 
percentages of pretreatment for each patient. Each point represents the 
mean value of change with respect to pretreatment response for 
individual patients. (*) Sdjg; (o) L 3 antigen. 
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Table 1. IgE levels (ELISA i4492±SD) in microfilaraemic patients («= 18) after diethylcarbamazine treatment 





^492 




Pretreatment 


Days posttreatment 



Antigen 

Day 0 

15 

30 90 

240 

365 

Sdjo 

0.22 ± 0.10 

0.36 ±0.16 
** 

0.06 ±0.04 0.02 ±0.02 

* * 

0.05 ± 0.04 
* 

0.08 ±0.06 
* 

W. bancrofti L 3 

0.34 ±0.10 

0.40 ±0.22 

NS 

0.19±0.11 0.16±0.10 

* * 

0.24 ±0.13 
* 

0.30 ±0.18 
NS 


**P<0.05 compared to day 0; *P<0.01 compared to corresponding day 0 or day 15. 
NS: not significant compared to day 0. 


greater changes than those to W. bancrofti antigen. 
For example, the mean reductions in IgE response to 
Sd 3 Q and L 3 antigen 3 months after treatment were 90% 
and 50% of pretreatment values, respectively. The lower 
reduction in L 3 -IgE may be caused by persistent exposure 
to W. bancrofti larvae in the endemic region. It might 
also be possible that DEC treatment induces changes 
in IgE response to epitope(s) selectively present in Sd 3 y 
allergen. Earlier we have demonstrated that IgE response 
to these antigens is filariae-specific since people living 
in nonfilarial regions of Orissa exhibited negligible IgE 
levels^’®. IgE production is sustained in people in endemic 
areas by them being continuously exposed to the infection 
since clinically normal individuals of the endemic region 
have high IgE levels^ 

Considering the biologic roles of IgE antibodies in 
parasite infections, which vary from allergic disorders 
to conferring protection to hosts^’^ the effect of drug 
treatment on IgE response is an interesting topic. The 
changes in specific IgE levels as reported here have 
not been characterized in human filariasis. The present 
report describes the response of the levels of IgE anti¬ 
bodies to two different antigens, L 3 stage of W. bancrofti, 
which initiates the infection, and a purified filarial 
allergen, Sd 3 (). Both the antigens exhibited diminished 
IgE production in treated patients over a course of time. 

Immunologic changes following a two-year community 
trial of ivermectin treatment in Guatemala of patients 
infected with Onchocerca volvulus have been reported^. 
Enhanced parasite-specific IgE levels were noticed 6 
months after treatment, which fell marginally below the 
pretreatment level by the second year. Although antial¬ 
lergic action of DEC is well documented^^^^^, the un¬ 
derlying mechanism was not known. The present results 
demonstrate clearly that DEC treatment diminishes the 
production of filarial IgE antibodies in humans and 
thereby contributes to decreasing allergic reactions. 

The long-term monitoring of the study population will 
be helpful in finding out when IgE levels would be 
generated again in the DEC-treated patients. 


1. Hussain, R., Hamilton, R. G., Kumarswami, V., Franklin, A, N. 
and Ottesen, Jr. E. A., J. Immunol, 1987, 127, 1623-1628. 


2. Das, M. K., Beuria, M. K. and Dash, A. P, Int. Arch. Allergy 
Immunol, 1992, 99, 118-122. 

3. Lammie, P. J., Eberhard, M. L., Lowrie, R. C. and Katz, S. P., 
Trans. R. Soc. Trop. Med. Hyg., 1988, 82, 726-729. 

4. Ramprasad, P., Prasad, G. B. K. S. and Harinath, B. C., Acta 
Tropica, 1988, 45, 245-255. 

5. Piessens, W. F., Ratiwayanto, S., Pissens, P. W., Tuti, S., 
Me Greevy, P. B., Darwis, F., Palmieri, J. R., Koiman, I. and 
Dennis, D. T., Acta Tropica, 1981, 38, 227-234. 

6 . Beuria, M. K. and Das, M. K., /. Biosci., 1992, 17, 435-461. 

7. Oglivie, B., Nature, 1964, 204, 91-92. 

8 . Hagan, P., Parasite Immunol, 1993, 18, 1-4. 

9. Steel, K., Lujan-Trangay, A., Gonzalez-Peralta, C., Zea-Flores, G. 
and Nutman, T. B., J. Infect. Dis., 1991, 164, 581-587. 

10. Thiruvengadam, K. V., Subramaniam, N., Devarajan, T. V and 
Zachariah, M. G. M., J. Indian Med. Assoc., 1974, 63, 278-281. 

11. Murthy, P. K., Katiyar, J. C., Chandra, R., George, P. A. and 
Sen, A. B., Indian J. Med. Res.. 1978, 68 , 428-434. 

12. Mackenzie, C. B., Trop. Dis. Bull, 1985, 82, R1-R37. 

ACKNOWLEDGMENT. We thank the Director General, ICMR for support. 

Received 24 March 1995; revised accepted 20 June 1995 


Biochemical basis for the differentiatioii 
of the two nonpoisonous snakes Eryx 
conicus Schneider and Eryx johnii 
Russell (family: Boidae) 

P. Senthil Kumar, A. P. Kamalakara Rao*** and 
T. M. Vatsala 

Shri AMM Murugappa Chettiar Research Centre, Tharamani, 

Madras 600 113, India 

*Pachaiyappa’s College, Madras 6CX)013, India 

The tissue-specific patterns of lactate dehydrogenase 
(LDH) for two species of the genus Eryx are reported 
and characterized utilizing sodium deoxycholate. 
LDH-1 is predominant in Eryx conicus, whereas LDH- 
3 and LDH-2 are observed in Eryx johnii. Sodium 
deoxycholate is a selective inhibitor of LDH-5 in Eryx 
johnii. Variations are observed in all the tissues 
between these two species and there is a variability 
of tissue LDH expressions within the species. 

Isoenzymes are multiple molecular forms of enzymes^ 
They can serve in taxonomic, genetic, phylogenetic and 
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evolutionary studies and help to solve many biological 
problems^-^ Lactate dehydrogenase (lactate: NAD oxido 
reductase, EC 1.1.1.27) controls the interconversion of 
pyruvate and lactate in the glycolytic pathway and 
thereby serves as an important source of the oxidized 
coenzyme (NAD) during periods of transient anaero- 
biosis. In most of the vertebrates, the isoenzymes of 
LDH are formed by the random self-assembly, in vivo 
and in vitro, of two different polypeptides A and B to 
form all possible isozymes, the two homopolymers A^ 
and B 4 and the three heteropolymers A^B^ and 

AjB 3 . The specificity of LDH polypeptide association 
is brought about by a combination of noncovalent 
forces^’ 

LDH constitutes an excellent model system for the 
analysis of the problems of polypeptide assembly. 
Depending upon the organism and tissue, LDH can 
exhibit self-assembly^’^, epigenetic modification of 
assembly genetically controlled restriction of assem- 
biyi 3 -i 7 directed assembly. 

In this paper we report our investigation of the 
electrophoretic characteristics of LDH from two species 
of nonpoisonous snakes belonging to the genera Eryx 
of the family Boidae. Our aim is to determine the 
tissue-specificity of LDH subunit synthesis, to look for 
variations at the LDH locus and to compare isoenzyme 
patterns from the tissues of these two species. 

Two species of snakes, namely Eryx conicus and Eryx 
johnii, were used in this study of the LDH tissue 
patterns. The snakes, all adults, used in this investigation 
were collected from different localities of Madras. 

Twelve tissues, namely eye lens, brain, trachea, lungs, 
heart, liver, stomach, intestine, muscle, kidney, vertebrae 
and skin, were dissected from fresh specimen. Care was 
taken to see that the eye lens was free from contamination 
by the vitreous humour, retinal and choroid elements. 
Brain, lungs, heart and liver were washed thoroughly 
with ice-cold phosphate buffer of pH 7.4 as to render 
them free from traces of blood. Stomach and intestine 
were washed till they were free from their contents. 
Other tissues were washed thoroughly with phosphate 
buffer of pH 7.4. All the chemicals used in this study 
were purchased from E. Merck (West Germany). 

The tissues were homogenized in iced condition with 
phosphate buffer of pH 7.4. The homogenates were 
centrifuged at 4'’C at 25,000 x g for 30 min. The super¬ 
natants were used for gel electrophoresis. 

A 5.5% polyacrylamide gel was used^l The current 
flow was adjusted to 2.5 mA per sample and run for 
45 min with Tris-glycine buffer of pH 8.3. The gels 
were removed and stained. Inhibition studies were carried 
out using sodium deoxycholate. 

The main aim was to determine the tissue-specificity 
of the LDH subunit synthesis in order to pinpoint the 
species specific biochemical markers and also to compare 
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the LDH isoenzyme patterns in these two species. 

The LDH patterns of the 12 tissues of Eryx conicus 
and Eryx johnii were observed and are shown in Figures 
1 and 2 , respectively. 

The LDH isoenzymes of the snakes studied exhibited 
a net negative charge difference between isoenzymes. 
Therefore, the isoenzymes migrated more slowly towards 
the anode at pH 8.3. 

In Eryx conicus, of the 12 tissues, 10 showed the 
predominance of only LDH -1 (B^) isoenzyme - vertebrae 
and skin exhibited the four-isoenzyme pattern, LDH-5 
(A 4 ), LDH-4 (A 3 BJ), LDH-3 (A^B^) and LDH-2 (AJB 3 ). 

In Eryx johnii, except for lungs and vertebrae, all the 
other tissues analysed exhibited two isoenzyme fractions 
LDH-3 (A 2 B 2 ) and LDH-2 (A 3 BJ). Lungs and vertebrae 
showed the presence of three isoenzymes, namely LDH- 
4 (A^Bj), LDH-3 (A^B^) and LDH-2 (AJB 3 ). 

The Rf values of these LDH isoenzymes were 0.18, 
0.24, 0.28, 0.32 and 0.34 for LDH-5, LDH-4, LDH-3, 
LDH-2 and LDH-1, respectively, and are presented in 
Figure 3. 

There was widespread resemblance among the LDH 
isoenzymes of these two species and a characteristic 
pattern of electrophoretic mobilities of LDH-5 (A^), 
LDH-4 (A 3 B^), LDH-3 (A^B^), LDH-2 (AjB 3 ) and LDH -1 
(B 4 ). No difference was found in the LDH patterns of 
males and females. Each tissue exhibited a characteristic 
LDH pattern and the tissue-specific difference in the 
relative staining intensities of each LDH isoenzyme 
attributable to the quantitative variation in the proportion 
of the isoenzymes, which has been a function of a 
particular ratio of A and B subunits of each tissue. The 
staining intensity is shown in the densitometric scanning 
of the LDH isoenzyme of the two species, illustrated 
in Figures 4 and 5 . 

Sodium deoxycholate was used as a selective inhibitor 
of LDH-5 (A 4 ) isoenzymes to establish the subunit 
composition of LDH isoenzymes and to determine their 
genetic basis. There was a selective inhibition of A 
isoenzymes. The B subunits were resistant to the action 
of sodium deoxycholate. The characterization of the 
LDH isoenzymes was performed based on the literature^^. 

The importance of this study lies in highlighting as 
to what extent the LDH isoenzymes play a role in the 
establishment of the basic tenets of biochemical 
taxonomy. 

The differential regulation of gene function is a funda¬ 
mental aspect of cellular differentiation. Isoenzyme (mul¬ 
tiple molecular forms of enzymes) are ideal gene products 
for the analysis of differential gene function during 
embryogenesis and cellular differentiation^^'^^. 

Differences in the tissue pattern of enzyme locus 
expression were used to infer the extent of divergence 
among species. Some locus tissue expressions diverged 
markedly among species, while others were conserved. 

259 



RESEARCH COMMUNICATIONS 


Ervx conicus (x 0 . 60 ) 






Figure 1 , LDH isoenzyme profile of twelve tissues of Eryx conicus. Figure 2. LDH isoenzyme profile of twelve tissues of Eryx johnii. 


Differences in activity for a given enzyme among tissues, 
as well as for different enzymes within the same tissue, 
were sufficiently independent to permit each locus tissue 
expression of a species to be treated as a separate 
character. Statistically significant difference in levels of 
tissue enzyme activities among species were then used 
to construct a phylogeny. The phytogeny constructed 
using tissue enzyme expressional differences was similar 
to that based on enzyme structural difference and to 
one of morphologically based phytogenies^^. 

The partial functional redundancy of L-lactate 
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dehydrogenase (LDH) (EC 1.1.1.27) isoenzymes has 
permitted marked difference in the tissue regulations of 
their genes^"^^^. Both differential synthesis and catabolism 
contribute to the tissue patterns of LDH gene expres- 
sion^^'^'^. Tissue differences in the steady-state levels of 
LDH isozymes are probably due to mutations at sequen¬ 
ces other than those coding for the respective isoenzymes. 
Such mutations could affect the number of enzyme 
molecules by altering one or more processes, ranging 
from transcriptions to catabolism, that is, by altering 
the regulations of gene expression in the broadest sense. 
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In several vertebrate species, regulatory genes that control 
the tissue expressions of the LDH-A and LDH-B genes 
have been detected^^"^^. These observations provide a 
basis for proposing that the species difference in the 
tissue patterns of LDH gene expression result from 
mutational changes at such regulatory genes. 

Vertebrate LDH isoenzymes show one- to five-iso- 
enzyme pattern and particularly the two-gene-five-iso- 
enzyme model found in most of the mammals is the 
full array of LDH-A and LDH-B combination. 

All tissues studied contained detectable amount of at 
least one of the five isoenzymes. Since there seems to 
be a homology between tissue distribution of isoenzymes 
in snakes and in other vertebrates, the same subunit 
designations A and B are used as applied to other 
vertebrates. 

The predominance of LDH-1 (B 4 ) isoenzyme in all 
the tissues except vertebrae and skin in Erya conic us, 
which was not observed in Eryx johnii, provides us a 
clue for identification of Eryx conicus. 

The predominance of LDH-3 (A^B^) and LDH-2 (A,B 3 ) 
in all the tissues except for lungs and vertebrae in Eryx 
johnii, which were not observed in Eryx conicus, gives 
a clear demarcation in establishing species identity. 

Here with this authentic electrophoretic evidence, the 
LDH profile can be used as a specific biochemical 
marker for establishing species identity in the evolu¬ 
tionary scale of organisms at different levels of biological 
organization. 

Lactate dehydrogenase of rat tissues was selectively 
inactivated by sodium deoxycholate^^ Yet another high¬ 
light of this investigation is the discovery of sodium 
deoxycholate as specific inactivator of LDH-5 (A^) iso¬ 
enzyme in snake tissues. 
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Effect of addition of SO2 on 
solid-state fermentation of apple 
pomace 
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Addition of up to 150 ppm of sulphur dioxide (SO 2 ) 
in solid-state fermentation (SSF) of apple pomace by 
Candida utilis and Torula utilis, and 200 ppm in case 
of Saccharomyces cerevisiae generally enhanced the 
ethanol concentration, fermentation efficiency and 
decreased the reducing sugars. But 250 ppm and 
above of SO 2 proved inhibitory to all the yeasts tried. 
The titrable acidity remained similar except for a 
small increase in the treatment with 300 ppm of SO 2 . 
The yeast count decreased after 200 ppm of SO 2 . 
Bacterial and fungal contamination was the highest 
at 50 ppm and decreased after this level. The yeast 
counts at 150-200 ppm of SO 2 after 96 h of SSF of 
apple pomace were quite comparable with those 
obtained in the steam-sterilized treatment prior to 
inoculation. Addition of 150-200 ppm of SO 2 can be 
used as a practical alternative to sterilization in 
solid-state fermentation of apple pomace. 

Apple pomace is a waste from apple juice production 
and its disposal into the environment is a serious prob¬ 
lem^’Its utilization by solid-state fermentation for 
ethanol^’production or concomitant production of 
ethanol and animal feed has been reported^ To have 
effective solid-state fermentation, a more or less microbe- 
free environment is a prerequisite. There are always 
possibilities of contamination from atmosphere and con¬ 
tainer^. Compared to steam sterilization, use of chemicals 
for this purpose will be far cheaper. Preservatives such 
as potassium metabisulphite, sorbic acid and dimethyl- 
dicarbonate (DMDC) can be used as an alternative to 
pasteurization, filtration and sterilization^. In preservation 
of fruits and vegetable products KMS (providing SO 2 ) 


is used extensively^ and its use in the solid-state fer¬ 
mentation would be cheaper than steam sterilization. 
Lack of any information on the use of SO 2 in the 
solid-state fermentation of apple pomace prompted us 
to carry out this study. 

Three yeasts, viz. Saccharomyces cerevisiae, Candida 
utilis and Torula utilis, were grown in the yeast malt 
extract broth and used at the rate of 5% to initiate the 
solid-state fermentation. Apple pomace used was col¬ 
lected from ‘hpmc’ fruit-processing plant, Parwanoo 
(HP). Fresh apple pomace was used within 2h of 
collection. Potassium metabisulphite (KMS) was added 
to the apple pomace. Six concentrations of SO 2 ranging 
from 50 to 300 mg/1 (ppm) were tried. Various com¬ 
binations of apple pomace after addition of SO 2 were 
not sterilized. A set without SO 2 addition served as a 
control. Fermentations were carried out in conical flasks. 
Before inoculation of yeasts in all the flasks and addition 
of KMS and ammonium sulphate, 1 g of sample from 
each flask was taken out aseptically for total microbial 
count, which was termed as Oh reading. Fermentation 
was carried out for 4 days. In all the fermentations, 
the pH and moisture content were kept at the original 
leveF. The fermented apple pomace was analysed for 
ethanol content by the method described by Caputi et 
al?. The total microbial count was determined by the 
routine pour plate methodReducing sugars were 
measured by the DNS method”, while total sugars were 
estimated after hydrolysis with acid prior to estimation. 
Titrable acidity was estimated as per the routine method 
Results in Table 1 reveal that in the case of fermen¬ 
tation of apple pomace by Saccharomyces cerevisiae, 
SO 2 concentration up to 200 ppm increased the ethanol 
production, after which it declined. However, in the 
case of fermentation by Candida and Torula ethanol 
productivity increased up to 150 ppm SO 2 only. In all 
the cases, 300 ppm of-S02 proved to be inhibitory as 
shown by lowest ethanol production. Increasing SO^ 
concentration decreased the sugar content in the medium. 
But the decrease was not exactly proportional to the 
increase in ethanol produced. Addition of SO 2 might 
have provided effective aseptic/anaerobic environment. 


Table 1. Effect of SO 2 on some physicochemical characteristics of apple pKDmace fermented by solid-state fermentation 


S 02 * 

Ethanol (% v/v) 

Fermentation efficiency (%) 

Reducing sugar (%) 

Titrable acidity (% MA) 

(ppm) 

Sac 

Ca 

Tu 

Sac 

Ca 

Tu 

Sac 

Ca 

Tu 

Sac 

Ca 

Tu 

0 

3.92 

3.71 

3.93 

60 

57 

60 

2.50 

2.76 

2.45 

0.32 

0.35 

0.32 

50 

4.11 

3.80 

3.93 

63 

58 

60 

2.24 

2.70 

2.39 

0.35 

0.38 

0.35 

100 

4.38 

3.99 

3.86 

67 

61 

59 

2.42 

2.62 

2.54 

0.38 

0.42 

0.35 

150 

4.43 

4.59 

4.10 

67 

61 

59 

2.28 

2.10 

2.40 

0.32 

0.37 

0.26 

200 

3.98 

4.50 

3.92 

68 

49 

60 

2.26 

2.84 

2.54 

0.32 

0.36 

0.32 

250 

3.47 

3.21 

4.02 

53 

69 

62 

2.46 

2.34 

2.38 

0.38 

0.38 

0.38 

300 

2.69 

3.62 

2.42 

41 

56 

37 

3.28 

3.12 

3.24 

0.45 

0.54 

0.54 


Sac, Saccharomyces cerevisiae; Ca, Candida utilis; Tu, Torula utilis; MA, Malic acid. 
*As potassium metabisulphite. 
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Table 2. 

Effect of different concentrations of SOj 

on microbial population (CFU/g) after 96 h of solid-state fermentation 

Treatment 




Inoculated with 




Saccharomyces cerevisiae 


Torula utilis 


Candida utilis 


Bacteria 

Fungi 

Yeast 

Bacteria 

Fungi 

Yeast 

Bacteria 

Fungi 

Yeast 

Sterilized 


_ 

4.5 X 10’ 

_ 

— 

4x 10’ 

— 

— 

4x 10’ 

Control (no SOj) 

4.20 X 10’ 

4 X 10"^ 

8x 10* 

3.8 X 10’ 

1x10* 

1.1 X 10’ 

2x 10’ 

2x10* 

4x 10* 

50 ppm 

2.80 X 10’ 

_ 

lx 10’ 

2.5x10’ 

2x10* 

2.2 X 10’ 

1.8 x 10’ 

3x 10* 

2x 10’ 

100 ppm 

1.80 X 10’ 

2x 10* 

1.2 X 10’ 

1.6x10’ 

2x10* 

2.4 X 10’ 

1.5 X 10’ 

5x 10* 

2.3 X 10’ 

150 ppm 

6x lO"* 

lx 10* 

1.4 X 10’ 

7x10* 

2x10* 

4x10’ 

lx 10’ 

— 

3x10’ 

200 ppm 

5x Iff* 

— 

4.8 X 10’ 

6x10* 

— 

4.5 X 10’ 

8x 10* 

— 

3.7 X 10’ 

250 ppm 

4x 10^ 

lx 10* 

2.5x10’ 

4.5 X 10* 

— 

1.2 X 10’ 

8x 10* 

— 

2.1 X 10’ 

300 ppm 

2x10* 

— 

2.1 X 10’ 

3x10* 

— 

5x10* 

6x 10* 

— 

1.3 X 10’ 


Oh Reading (microbial population) = bacteria 9x10^ and yeast 1x10^ 


increasing the ethanol content, or could have maintained 
the ethanol level already produced in the medium by 
preventing its oxidation or its consumption by yeast cell 
after completion of fermentation, as has also been obser- 
ved by Kargi et al}^ using reducing agents such as 
cysteine and sodium thioglycollate in the ethanolic fer¬ 
mentation. Further, as the product of anaerobic mode 
of growth increased, concentrations of SO^ higher than 
150 ppm might have decreased the growth, and hence 
the metabolite, i.e. ethanol. The decrease of ethanol 
content at 300 ppm is clearly the result of toxicity of 
SOj to the yeasts. SO 2 after 200 ppm suppressing the 
fermentation is also supported by the findings of Terrell 
et al?, wherein 0.4 mM of SO 2 used in various com¬ 
binations with other preservatives suppressed the fer¬ 
mentation. Fermentation of sugar by the yeast results 
in ethanol production and, to provide optimum conditions, 
naturally increases the efficiency of the process. It 
corroborates with the behaviour of the yeasts used in 
solid state fermentation of apple pomace. 

The titrable acidity of the fermenting medium remained 
almost similar except for a slight increase in the pomace 
when 300 ppm of SO^ was added. It indirectly shows 
that ethanolic fermentation took place satisfactorily in 
all the combinations except where 300 ppm of SO^ was 
added. From the results it is also clear that trend in 
the acidities was almost similar in all the yeasts. 

The results (Table 2) on the effect of different con¬ 
centrations of SO 2 on microbial growth revealed that 
there is similarity in the effect of SO 2 on the growth 
of yeast, bacteria and fungi. It was found that 250 ppm 
of SO 2 was toxic to the yeasts (Saccharomyces, Torula, 
Candida) as there is low yeast count after 200 ppm of 
SO 2 . A large , number of bacteria and fungi were found 
in the case of yeast-inoculated sets of fermentation, 
indicating that complete sterility, as with steam steriliza¬ 
tion, is not achieved with SO 2 . With the increase in 
SO 2 concentration the bacterial and fungal count 
decreased, and the yeast count of the inoculated yeast 
increased. It is desirable from the ethanolic fermentation 


point of view. It has been reported^ that natural fer¬ 
mentation of apple pomace also produces ethanol and 
addition of SO., might have prevented the activity of 
natural microflora and allowed the activity of yeast for 
better ethanol yield by solid-state fermentation. Microbial 
counts showed that the bacterial population was found 
maximum in the case of 50 ppm SO 2 in all the three 
inoculations of yeasts, and after 50 ppm there is con¬ 
siderable decrease in bacterial growth. Fungal growth 
was less than bacterial growth in all the concentrations 
of SO 2 tried. These findings suggested that the use of 
SO 2 can be made to achieve satisfactory solid-state 
fermentation of apple pomace. 

Considering the ethanol yield, sugar content, titrable acidity, 
effect on different yeasts and their fermentation efficiency 
and microbial population, it is apparent that addition of 
150-200 ppm of SO 2 is advantageous. Concentration of SO 2 
higher than this may not be preferred due to the nonuniform 
effect on one or the other yeast in ethanolic fermentation 
of apple pomace by solid-state fermentation. 
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Female vocalization in frogs, feeble as it is, has often 
escaped the attention of researchers. Most of the 
work has focused on male vocalization and female 
phonotaxis experiments. The present study has for 
the first time compared in detail the temporal and 
spectral properties of the male advertisement and 
conspecific female reciprocal calls and focused on 
the role of female vocalization in the breeding biology 
of amphibians. 

While studying anuran acoustic communication in 
the frogs of northeast India, female reciprocal calls 
given in response to the male advertisement call were 
recorded from Rana erythraea, Rana limnocharts and 
Rana cyanophlyctis. Once the female responds to the 
advertising males, more activity is observed in the 
breeding colony, involving mostly jumping around 
and across the responding female. The advertisement 
calls made by the male after the reciprocal call of 
the female have a higher intensity. 

Comparative Fourier analysis of the female recipro¬ 
cal call and the conspecific male advertisement call 
showed that the frequency domain of the male call 
is almost double that of the female call and accord¬ 
ingly there is a shift in the dominant frequency, 
whereas the spectral pattern consisting of a single 
or bimodal frequency distribution is common to both. 

Animals often produce vocal signals for communica¬ 
tion*”^. In amphibians vocal signals have proved invalu¬ 
able in studying systematic relationships^"^ and the 
process of sexual selection**"*". Males of many amphibian 
anuran species produce species-specific complex sounds 
composed of numerous, closely spaced, often harmoni¬ 
cally related components with predominant amplitudes 
that fall into distinct frequency bands, the locations of 
which are characteristic for each species, Male calls 
help to advertise their position, to defend their territories 
and to attract conspecific females to the breeding site, 
thus acting as an important determinant of mate choice* *~*^ 
Females recognize the calls of conspecific males, locate 
them within a chorus of the calling conspecific and 
heterospecific males and find a mate. Playback experi¬ 
ments have verified the importance of both the gross 
and fine temporal characters, as well as the spectral 
domain and spectral pattern of the call in a noisy 
acoustic environment**. Thus, the use of species-specific 
temporal and spectral character is one strategy for reduc¬ 
ing heterospecific interference and maintenance of 
reproductive isolation*'*“*^ 


Acoustic communication plays a significant role in 
the reproductive behaviour and breeding biology of 
amphibians*^. Anuran vocalization has been classified 
according to the behavioural context in which the calls 
are elicited*Most of the literature pertaining to 
anuran acoustic communication deals specifically with 
species-specific temporal and spectral characters of the 
male calls**’*'*’*^*"^^. Although female vocalization had 
been reported as early as 1929, these reports were 
restricted only to the alarm, release and aggressive calls 
in Rana silvatica^\ R. pipiens^\ R. esculenta^^ Colos- 
tethus inguanalis^'^ and Eleutherodactylus coquP. 

Reciprocal call given in response to the male adver¬ 
tisement call was reported in the genus Tomodactylus 
based only on behavioural observations, with, no call 
recordings'*^. Heinzmann^" working on Alytes sp., 
recorded two types of male calls-mating call and 
distress call. This work gives a brief description of the 
oscillogram for the reciprocal calls of the females, with 
no details of temporal and spectral characteristics. Female 
calling has also been reported in R. ridibunda^^ and R. 
virgatipes^^. It is noteworthy to mention here that, though 
sketchy reports on female reciprocal calls existed^*^ since 
1957, in-depth study to look into the role of female 
reciprocal call in the breeding biology of amphibians 
has started only recently. A reason for this could be 
that the sensation of hearing for humans is most acute 
in the 2000-5000 Hz frequency range and the female 
calls occur much below this. Indeed, it is difficult to 
distinguish and record a female call, which is usually 
masked by the loud advertisement calls of the conspecific 
and heterospecific males in the vicinity. 

While studying acoustic communication and related 
behavioural displays in the courting frogs of northeast 
India, we observed that females of R. erythraea, R. 
limnocharis and R. cyanophlyctis emitted reciprocal calls 
in response to male advertisement calls. Due to their 
feebleness and short call duration, these reciprocal calls 
would not have been noticed had they not been given 
in rapid succession, producing at times chirp-like calls, 
which attracted our attention. We then recorded and 
analysed the female reciprocal calls. 

The calls were recorded during the active breeding 
period (May to August 1993 and 1994). In 1993 only 
behavioural observations were made and in 1994 the 
calls along with behavioural observations were recorded 
and analysed. The calls were recorded with a unidirec¬ 
tional AKG C451EB shotgun condenser microphone held 
approximately 40-60 cm away from the calling female. 
The calls were recorded with a professional SONY 
WM-D6C cassette recorder and stored on Maxell XLII 
cassette tapes. Sound pressure level was measured by 
playing back the isolated female calls on a Philips 
double cassette player DR920 with playback volume 
level fixed at 4 and the CYGNET 2021 sound pressure 
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level meter held approximately 60 cm away from the 
sound source. 

Recorded acoustic stimuli were digitized via a 
Microsoft analogue-to>digital interface board on to an 
IBM PC and stored on diskettes. Oscillograms, sonagrams 
and mean spectra were prepared with a computerized 
Fourier analysis system (FFT) after passing through 
bandpass filters and printed with a laser printer. 

R. erythraea are mostly arboreal in nature and hence 
their calls and reproductive behaviour were easier to 
observe and record in comparison to the calls of R. 
limnocharis and R. cyanophlyctis. The latter two species 
called mostly sitting on land on the edge of a swamp 
and while hovering on water surface, respectively. Be¬ 
sides, these two species were more easily disturbed, and 
swam deep into the water at the slightest disturbance. 
Calls of R. erythraea were recorded at Guwahati, Assam 
(200 m ASL; 91.5'E; 26.1'N). R. limnocharis and R. 
cyanophlyctis calls were recorded from colonies being 
maintained under near-natural condition in the froggery 
adjacent to the Institute at Shillong, Meghalaya (1515 m 
ASL; 90.7'E; 24.0'N). 

The females of /?. erythraea (Figure 1A ) are usually 
seen emerging and approaching the calling males after 
about 30 min of vocal advertisement by the male. When 
the distance between the calling male and the approaching 
female reduces to about 10 cm, the male which had 
been calling till then stops advertising. The female 
makes feeble reciprocal calls in response to the male 
advertisement call. This feeble call of the female at 
times continues up to 1 h, with several bouts of call. 
The interval between each bout varies from 2 to 5 min, 
short intervals at the beginning and long intervals towards 
the end of the call. Only after the female responds to 
the male advertisement call, the male which had stopped 
calling on the appearance of the female restarts calling 
with a higher intensity. Concomitantly, all the other 
neighbouring calling males also start calling at a higher 
intensity. More activity is seen amongst the calling 
males - mostly jumping from one place to another, but 
all jumps are confined around and across that female, 
which responded by giving the reciprocal call. 

R. limnocharis and R. cyanophlyctis (Figure 1 C) 
females called while submerged in water, making the 
feeble reciprocal calls very difficult to hear and record 
and the behavioural displays difficult to observe. In 
both the species the females responded to the male 
advertisement calls. Once the reciprocal calls were 
emitted, the male calls were louder and more activity 
was seen amongst the males which were nearer to the 
responding female. 

The reciprocal call of R. erythraea is low-pitched, 
lasting approximately 32 ms. The call sometimes has 3 
to 4 subunits, each subunit not lasting more than 10 
ms. The call is composed of about 22 pulses. The 


dominant frequency is at about 1048 Hz, with no har¬ 
monics, and the frequency domain extends from about 
746 to 1229 Hz, the SPL being 77 dB (Table 1; Figure 
la). 

In R. limnocharis the calls lasted approximately 61 
ms, with 45 pulses. The call had a single dominant 
frequency at about 1531 Hz, lacking harmonics. The 
frequency domain is comparatively small, extending from 
about 1300 to 1767 Hz, the SPL being 70 dB (Table 1; 
Figure 1 h). 

In R. cyanophlyctis the call duration was approximately 
20 ms, composed of 20 pulses, having constant interpulse 
interval. The frequency distribution was bimodal, with 
dominant frequency at about 740 Hz and its second 
harmonic at about 1433 Hz. The frequency domain ex¬ 
tends from about 496 to 1746 Hz, the SPL being 65 
dB (Table 1; Figure 1 c). 

Comparative spectral analysis of the female reciprocal 
calls with male advertisement calls of R. erythraea (Roy, 
unpublished), R. limnocharis and R, cyanophlyctis^ shows 
that female calls are much shorter in duration, with 
comparatively more pulses, resulting in reduced inter¬ 
pulse interval and pulse overlap. There is a shift in the 
frequency domain towards the lower range (almost half) 
in all the three female reciprocal calls, resulting in a 
shift of dominant frequency as well. Interestingly, in 
spite of the spectral frequency shift to the lower range, 
the spectral pattern along with the envelope curve remains 
unchanged. Like their male counterparts, there is only 
a single dominant frequency in R. erythraea and R. 
limnocharis and bimodal frequency distribution in R. 
cyanophlyctis. 

Female vocalization due to its feebleness and the 
secretive nature of the females has often escaped the 
attention of researchers. Most works done till now have 
been on male vocalization and female phonotaxis ex¬ 
periments. This study has for the first time focused on 
the role of female vocalization in the breeding biology 
of the amphibians and demonstrated that the female 
reciprocal calls seem to act as a ‘catalyst’ for the 
enhancement of the reproductive activity of the breeding 
colony. 

The feebleness of the call may be due to various 
reasons: (a) The bigger size of the females compared 
to the males^’^^. (b) The absence of vocal sacs in the 
females; the expandable pouch-like vocal sac present 
only in the males acts as a sound resonator and 
radiator^'^^’^"^. However, little evidence exists to support 
this hypothesis and it is now being contemplated that 
the vocal sacs in the males may have a ‘variety of 
mutually nonexclusive functions’; this is still being 
worked upon^^’^^ (c) The differences in the structural 
morphology and tension of the musculature of the vocal 
cords and larynx and also the tension of the trunk 
muscles^^"^®. A comparative study on the morphology 


266 


CURRENT SCIENCE, VOL. 69, NO. 3,10 AUGUST 1995 






RESEARCH COMMUNICATIONS 



CURRENT SCIENCE, VOL. 69, NO. 3,10 AUGUST 1995 


N 

X 



W ^ n W r o 






267 


Figure 1. A, Female R. erythraea\ a, mean spectrum of female reciprocal call of R. erythraea; on the right: the corresponding sonagram (FFT length: 256; overlap: 50%, window: Hamming). 
B, Female R, limnocharis; b, mean spectrum of female reciprocal call of R. limnocharis; on the right: the corresponding sonagram (FFT length: 256; overlap: 50%; window: Hamming). C, 
Female R. cyanophlyctis\ c, mean spectrum of female reciprocal call of R. cyanophlyctis\ on the right: the corresponding sonagram (FFT length: 256; overlap: 50%, window: Hamming). 
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Figure 2. Top, Male (left) and female (right) R. erythraea. Bottom, Mean spectrum and sonagram of the male advertisement call of R. erythraea 
(left) and mean spectrum and sonagram of the female reciprocal call of R. erythraea (right) (FFT length: 256; overlap: 50%, window: Hamming). 
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Table 1. Comparative analysis of female reciprocal calls and male advertisement calls of 
R. erythraea, R. limnocharis and R. cyanophlyctis 


Species 

No. of 
calls per 
species 

Call 

duration 

(ms) 

Pulse 

number 

Dominant 

frequency 

Frequency (Hz) 

Lower 

limit 

Upper 

limit 

R. erythraea 

Female 

14 

32±9 

22±9 

1048±105 

746 ±126 

1229±114 

Male 

R. limnocharis 

15 

224 ±4 

25 ±1 

2459 ±42 

1495 ±23 

3724 ±31 

Female 

14 

61 ±27 

45 ±7 

1531 ±204 

13001224 

17671213 

Male 

40 

503+ 101 

80 ±13 

2144 ±1254 1576 ±87 

2685±115 

R. cyanophlyctis 

Female 

12 

20±4 

20±6 

740 ±36 
1433 ±84 

496 ±57 

1746 ±4 

Male 

34 

615 ±155 

7±1 

1651143 
3192 + 213 

1163 ±124 

3907 ±42 


Spectral data on the male advertisement call of R. erythraea (Roy, unpublished); spectral data 
on R. limnocharis and R. cyanophlyctis from ref, 7. 

Values are mean±SD. 


as well as the kinematics of the vocal sacs of the 
conspecific male and female vocal apparatus is necessary 
to come to a definite conclusion in this matter. 

Bioacoustic analysis of amphibian vocalization has 
emphasized the species-specific temporal and spectral 
characteristics of the calls. Shift in the temporal pattern 
occurs which helps avoid acoustic interference and in¬ 
crease the attractiveness of the call is well known'^^’'^‘, 
but shift in the spectral frequency domain has not been 
reported. The present study in the three ranid species 
shows that the frequency domain of the male call is 
almost double that of the female call and accordingly 
there is a shift in the dominant frequency, whereas the 
species-specific spectral pattern of having a single or 
bimodal frequency distribution remains unaltered (Figure 
2). The result of this comparative analysis raises an 
important question - should the spectral pattern, due to 
its unaltered species-specific nature, be considered more 
important than the spectral domain for species iden¬ 
tification on the basis of bioacoustic analysis of frog 
calls? 
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Chogat-Chamardi hills ^ These acidic rocks developed 
as an independent magma suite with rhyolite as a 
predominant rock type within the complex^’^ or as an 
end product of differentiation"^. 

In Alech-Barda hills, the acid igneous rocks comprise 
pitchstone, rhyolite, granophyre and diorite. The rhyolites 
occur as dykes and veins within the basalt, and also 
as flows of rhyolitic crystal tuffs. Two prominent pink- 
to buff-coloured, highly fractured E-W-trending rhyolite 
dykes were noticed in the south and southwest of Dhorio 
Nes (69“59'44":2r48'27", Toposheet no. 41 G/13) in 
the Alech hill area, showing higher than background 
radioactivity (Figure 1). They extend over a length of 
500 m with width varying from 10 to 30 m. They consist 
mainly of quartz, sanidine and glass along with some 
opaques and exhibit vitrophyric texture. The groundmass 
in the rhyolites is essentially composed of a glassy 
material along with crystallites of feldspars. The chemical 
data of these rocks along with the data of Pavagarh 
and Amreli rhyolites and the general abundance in 
rhyolites is given in Table 1. The samples show normative 
corrundum, peraluminous (AJCNK= 1.52), miaskitic (A/ 
= 0.64) nature and enrichment of potash over soda. 


Yttrium-, niobium- and zirconium-rich 
rhyolite dykes of Dhorio Nes area, 
district Jamnagar, Gujarat, India 

P. B. Maithani, Rahul Banerjee, Navin Goya!, 

S. Ramachandran and Rajendra Singh* 

Atomic Minerals Division, Sharada Building, R. V. Desai Road, Baroda 
390 001, India 

*Atomic Minerals Division, AMD Complex, Begumpet, Hyderabad 
500 016, India 

Anomalously high contents of Nb (818 ppm), La 
(173 ppm), Y (305 ppm) and Zr (> 1000 ppm) are 
reported for the first time in the rhyolite dykes/veins 
spatially associated with the Deccan basalts in Alech 
hills around Dhorio Nes, district Jamnagar, GujaratJ 
The enrichment of these elements is due to influx of 
alkalies and volatiles in rhyolites emplaced along the 
western continuity of E-W-trending Son-Narmada 
rift. 

The Deccan Traps, covering about one-sixth of India’s 
total land surface, comprise mostly of tholeiitic basalt. 
Acidic, alkalic and mafic alkalic rocks are found in the 
western part of the basalt plateau in western India in 
parts of Kutch, Saurashtra, Lower Narmada Valley and 
Bombay coast. 

The Saurashtra region of Gujarat is known for a 
number of acid igneous rock complexes along the western 
extension of the Son-Narmada lineament. These include 
the Alech-Barda hills, Osham hills, Girnar hills and 



Figure 1. Geological map showing rare-earths-, niobium- and zir¬ 
conium-rich rhyolites of Dhorio Nes area, district Jamnagar, Gujarat. 
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Table 1. Major oxide and trace element data of rhyolites of Dhorio Nes, Pavagarh hills and Amreli, Gujarat 



1 

2 

3 

4 

X 

SD 

c% 

5 

6 

7 

Major oxides 
SiO^ 

72.69 

71.63 

71.63 

71.88 

71.95 

0.50 

0.69 

72.29 


72 77 

AI 263 

12.53 

11.36 

12.53 

11.81 

12.05 

0.57 

4.73 

12.49 


13.33 

'ri 02 

0.18 

0.15 

0.17 

0.21 

0.17 

0.025 

14.70 

0.30 


0.29 

FejOj 

3.14 

4.47 

4.13 

3.20 

3.73 

0.66 

17.69 

0.73 


1 40 

Feb 

0.06 

0.06 

0.04 

0.30 

0.115 

0.12 

104.34 

2.49 


1 02 

MgO 

0.15 

0.07 

0.08 

0.10 

0.10 

0.03 

30.00 

0.14 


0 38 

CaO 

0.13 

0.12 

0.10 

0.13 

0.12 

0.014 

11.66 

0.72 


1.22 

NazO 

1.24 

1.63 

1.71 

2.34 

1.73 

0.45 

26.01 

3.93 


3 34 

KzO 

6.17 

3.83 

3.91 

4.29 

4.55 

1.09 

23.95 

4.83 


4 58 

MnO 

0.04 

0.02 

0.02 

0.02 

0.025 

0.01 

40.00 

0.07 


0.07 

P 2 O 5 

0.01 

< 0.01 

0.02 

0.01 

0.011 

0.006 

54.54 

0.06 


0.10 

LOI 

2.69 

2.90 

2.53 

1.70 

_ 





A/CNK 

1.40 

1.63 

1.71 

1.35 

1.52 

_ 

_ 

0.96 


1.07 

AI 

0.70 

0.59 

0.57 

0.72 

0.64 

— 

— 




Trace elements 

Y 

276 

164 

331 

337 

277.00 

80.17 

28.94 

92 

52 

10-50 

^r > 1000 

> 1000 

> 1000 

> 1000 

— 

— 

— 

660 

380 

200-400 

Cbn 

41 

34 

47 

38 

40.00 

5.47 

13.67 

_ 

10 

<5 

Nb 

510 

852 

1000 

565 

731.75 

233.37 

31.89 

83 

18 

5-40 

La 

65 

20 

128 

251 

116.00 

100.30 

86.46 

_ 

49 

20-50 

U 

40 

30 

30 

50 

37.50 

9.57 

25.52 

_ 


4-5 

Th 

110 

130 

130 

130 

125.00 

10.00 

8.00 

__ 

— 

20 


Columns 1-4: Major oxide (in wt%) and trace element (in ppm) data of rhyolites of Dhorio Nes, district Jamnagar 
Gujarat. ^ ’ 


Column 5: Major oxide (in wt%) and trace element (in ppm) data of rhyolites of Pavagarh hills (n= 1) district 
Panchmahals, Gujarat‘S. 

Column 6: Average of trace element (in ppm) data of rhyolites of Amreli (a 7 = 12), Gujarati 
Column 7: General abundance of major oxides and trace elements in rhyolites^’ 


Table 2. Trace element data (range) of basalt, rhyolitic flows and 
rhyolitic dykes of the Dhorio Nes area (all values in ppm) 


Trace 

element « = 4 

General 

abundance* 

Rhyolitic 
flows 
(n = 3) 

Rhyolitic 

dykes 

(n=l4) 

Y 

50-115 

25 

110-168 

114-401 

Zr 

259-409 

140 

607-967 

>1000 

Sn 

n.d.-lO 

1.5 

n.a. 

30-47 

Nb 

25-26 

19 

118-151 

510-> 1000 

La 

<50 

17 

<50-148 

42-287 

Ti 

1434-7760 

13800 

2343-2562 

1054-1434 

V 

16-89 

250 

19-27 

10-44 

Cr 

22-66 

170 

19-30 

17-74 

Mn 

709-1485 

1500 

1122-1289 

71-754 

Co 

13-28 

48 

<5 

<5 

Ni 

10-41 

130 

10-13 

10-39 

Cu 

12-168 

87 

8-9 

10-28 

Ga 

14-19 

17 

19-22 

21-34 

Pb 

< 10 

6 

< 10 

11-81 

n.a. = 

Not analysed. 




n.d. = 

Not detected. 




*Of trace elements in 

basalt‘1 




Unusually high content of Nb (818 ppm), La (173 
ppm), Y (305 ppm), Sn (36 ppm), Zr (> 1000 ppm, 
average 2090 ppm for 2 samples-XRF analysis) and 
U (35 ppm) were recorded in the rhyolite dykes {n — 
14) of Alech hills around the Dhorio Nes area of 
Jamnagar district, Gujarat (Figure 1), which is higher 


than the general abundance of these elements in acidic 
rocks. The anomalous content of these elements in the 
rhyolite dykes of Dhorio Nes is due to the presence of 
brownish-red- to blood-red-coloured, tetragonal- to 
square-shaped xenotime and rutile, in addition to the 
monazite and ilmenorutile, as observed under the micro¬ 
scope. Besides, zircon is also identified by X-ray dif¬ 
fraction studies of heavies separated from rhyolites. The 
detailed mineralogical studies of slime and light fraction 
are under progress using electron probe micro analyser 
(EPMA). 

The upper mantle source region may have been 
enriched or metasomatized to give rise to basalts with 
anomalous values (Table 2), which in turn fractionated 
to minor rhyolites with anomalous Y, Nb and Zr values. 
The Narmada-Son rift, which has been reactivated several 
times during the geological history, probably acted as 
a locale for the concentration of these trace elements. 
The mantle-derived C02-rich fluids from this rift also 
contributed to the trace element pattern observed in the 
rhyolites. It is pertinent to mention here that there are 
many carbonatite—alkaline complexes along the Nar¬ 
mada-Son rift^. 

Significant amounts of U, Nb, La, Y and Sn in 
rhyolites of Dhorio Nes makes Alech hills, a possible 
potential area for exploration of these metals. Detailed 
work on the find is underway and will be published 
shortly. 
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Evaluation of efficacy of bricks as 
geochemical monitor of atmospheric 
heavy-metal pollution 
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Geochemical monitoring of atmospheric heavy-metal 
pollution is so far limited to the use of peat, ice 
deposits and aquatic sediments as sample type. These 
systems are open, dynamic and easily affected by 
climatic variations. In contrast, bricks, w^hich are 
more compact, can act as a better geochemical 
monitor. Heavy-metal (Cu, Zn, Ni, Cr, Pb) analysis 
in scores of soil and baked/unbaked brick samples 
collected from a large area in and around Agra City 
indicates approximately similar flux in soils and bricks 
and insignificant fractionation during brick construc¬ 
tion of these metals. The concentration of analysed 
metals in the core of bricks remained unaffected 
even by substantial amounts of acidic/alkaline rain 
under natural conditions. Thus, the feasibility of a 
new, hitherto untested, concept of bricks acting as 
a geochemical monitor of atmospheric heavy-metal 
pollution has been systematically explored. 

Atmospheric heavy metals interact with terrestrial 
environment continuously. From the standpoint of mass, 
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their major amount is absorbed by plants and soils^’^. 
Chronological changes in the heavy-metals flux of ter¬ 
restrial objects, mainly as a result of atmospheric deposi¬ 
tions, reflect the impact of human growth on 
accumulation of toxic metals on the global ecosystem 
over the years. Studies of the practical applications of 
geochemical monitoring have been carried out mainly 
in Northwest Europe, North America and the remote 
polar regions, particularly in relation to the historical 
aspects of pollution. Records from peat deposits and 
lake sediments in Europe document the growth and 
development of industry there over the last 2000 years^"l 
Reconstructed historical deposition rates demonstrate the 
severity of pollution in urban areas of northern Britain 
in the eighteenth and nineteenth centuries, whereas 
analysis of recent sediments reveals a variable pattern 
of present-day pollution, with some areas experiencing 
increasing levels of deposition and others decreasing 
ones'^"^. In North America deposition records reveal a 
much shorter history of atmospheric pollution and docu¬ 
ment the rapid spread of heavy metals during the mid 
and late nineteenth century, both on a local and on a 
regional scale'^"^^ For most of the other parts of the 
world, no such detailed information exists and studies 
are limited mainly due to lack of suitable sample types, 
where the original heavy-metals compositions remain 
preserved unperturbed over long periods of time. Peat, 
ice deposits and aquatic sediments, most extensively 
used so far in monitoring the atmospheric depositions 
of heavy metals are open, dynamic systems and can be 
easily affected by climatic changes. 

The use of baked bricks in the construction, of buildings 
is an age-old practice all over the world. The commercial 
process of construction and baking of bricks has not 
changed much over the years, and the stuff used in 
brick manufacture is primarily soil derived from the top 
1-1.5 m of the earth, a portion where atmospheric deposi¬ 
tions of heavy metals are most likely to be retained^. 
The temperature of bricks during commercial baking 
rises up to ~ 700°C, at which most of the soil-bound 
heavy metals possibly remain intact in soil matrix. 
Hence, bricks of any specific period of time, if kept 
preserved from the effects of rain and radiations, can 
be regarded as representative samples of soil of that 
period, from the viewpoint of heavy-metals composition. 
Bricks, which can be effectively used for chronological 
monitoring of atmospheric heavy-metal depositions in 
soil and which are likely to be better than so far used 
sample types, viz. ice, peat and sediments, have eluded 
the attention of researchers till now. This paper deals 
with a systematic evaluation of the effectiveness of 
bricks for this purpose. 

From an approximately 10^ km^ area in and around 
Agra City the following samples were collected: 
(i) baked and unbaked (65 each) brick samples from 
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different brick kilns; (ii) bulk soil samples from 35 
places after removing the top 7-10 cm layer of the 
earth; (iii) bulk soil samples from 5 places (wide apart) 
after every 30 cm depth (up to 1.5 m). The soil samples 
were air-dried (at 35°C), mildly ground and mixed well; 
the texture of few representative samples was determined 
by the wet sieving procedure. The inner core (~ 50 g) 
of each brick sample was taken out by removing the 
external layers in a mechanical cutter and ground to 
powder form avoiding external contaminations. The 
grinding was done till the final texture of the brick 
powder was almost identical to the texture of the soil. 
The acid extracts of powdered brick and soil samples, 
generated under mild, semidrastic and drastic acid treat¬ 
ments (detailed below), were quantitatively analysed for 
Cu, Zn, Ni, Cr and Pb using the standard methods*^, 
employing Perkin Elmer 2380 flame atomic absorption 
spectrometer at appropriate wavelengths. 

For mild treatment the sample (6 g) was treated with 
10 ml HCl (3M) and 10 ml HNO3 M) for 24 h and 
then boiled till the volume was reduced to 3-5 ml. After 
adding 20 ml of 0.01 M HCl, the contents were further 
heated for 15 min, cooled, filtered through acid-washed 
Whatman 42 filter paper and the extract was collected 
for analysis. 

For moderate treatment the sample (6 g) was treated, 
in a teflon vessel, with 10 ml HCl (6 M), 10 ml HNO3 
(6 M) and 1 ml HF (48%) for 24 h, followed by slow 
heating at 45-60°C till the volume was reduced to 
3-5 ml. In order to ensure the complete removal of 
unreacted HF, 20 ml of 0.1 M HCl was added and the 
contents were further heated at elevated temperature 
(65-80°C) till the volume was again reduced to 3-5 ml, 
which was then transferred to a glass vessel using 20 
ml of 0.01 M HCl as the washing solution. The contents 
were boiled till the volume was reduced to half, cooled, 
filtered as above and the extract was collected. 

For drastic treatment the sample (6 g) was treated, in 
a teflon vessel, with 5 ml HCl (12 M), 5 ml HNO3 
(16 M) and 10 ml HF (48%) for 24 h and then heated 
gently at 45-60°C till the volume was reduced to 3-5 
ml. Adding 5 ml each of HCl (12 M) and HNO3 (16 M), 
the contents were further heated at 65-80“C till the 
volume was again reduced to 3-5 ml. At this stage the 
complete removal of unreacted HF was ensured. Using 
20 ml of water as the washing solution, the contents 
were transferred to a glass vessel, boiled till the volume 
was reduced to half, cooled, filtered as above and the 
extract was collected. 

The final volume (after washings) and pH of all the 
extracts were adjusted, respectively, to 50 ml and 3-4 
by suitable additions of HCl (0.01 M), NaOH (0.01 M) 
and water. Metal concentrations were determined in 
reagent-blank extracts also and the values were subtracted 
from the main data. The extract samples were stored 


in acid-washed polythene bottles before analysis. Double- 
distilled deionized water and AR grade reagents were 
used throughout the study. 

The textures of 20 randomly chosen samples each of 
powdered bricks and soils were determined (Table 1). 
The results indicate approximate similarity of the two 
systems. The average concentrations of Cu, Zn, Ni, Cr 
and Pb in soil and baked/unbaked brick samples, as 
determined by the analysis of extracts generated under 
mild, moderate and drastic treatments, are presented in 
Table 2. Table 3 shows the results of some laboratory 
experiments to observe the effects of rain (of varying 
pH) on heavy-metal concentrations in the core of baked 
bricks while the bricks are exposed to natural conditions 
at 30-35“C. 

Soil concentrations of metals are in the range of 
earlier reported values of some Indian soils’^ Extracts 
of soil and brick samples generated through mild and 
moderate extraction procedures show a wide variation 
in their metal concentrations, whereas drastic-treatment 
data indicate approximately similar concentrations of 
metals in soils and baked/unbaked bricks. It is also 
clear that except for Cr, which shows a slight increase, 
the concentrations of the remaining four metals in soils 
of the studied area are not significantly changing with 
depth (ranging from 0.1 to 1.5 m). Metal concentrations 
in the core of baked bricks remain unaffected by sub¬ 
stantial amounts of acidic/alkaline rain and radiations. 
However, prolonged exposure of bricks to these results 
in some changes. 

The close association of soil-bound heavy metals with 
soil matrix, largely composed of silicates, is well known 
and might further increase during brick construction, 
depending upon the maximum temperature reached during 
baking. Hence, determination of metal concentrations in 
soil and brick extracts depends on the effectiveness of 
the extraction technique in breaking/dissolving the soil 
matrix. The wide range of fluctuations in data (Table 2) 
under mild and moderate treatments indicates inadequacy 
of extraction procedures in breaking the matrix, and 
only the drastic treatment, with 95-100% dissolution of 
the sample, seems to give satisfactory results. 

The temperature of bricks during commercial baking 


Table 1. Texture of powdered brick and soil samples 


Particle size 
(mm) 

Percentage amount* 

Soil 

Powdered brick 

60-2 

0.36-0.42 

0.41-0.49 

2-0.2 

36.13-40.50 

38.10-43.21 

0.2-0.06 

27.91-34.12 

31.63-39.00 

0.06-0.006 

14.93-19.23 

11.54-16.24 

0.006-0.002 

3.04-7.33 

3.02-7.10 

<0.002 

3.52-10.10 

1.09-6.25 


*Based on measurements in 20 randomly chosen samples. 
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Table 2. Mean concentration (mgkg'‘) of metals in soil and brick samples 


Extraction t 




Concentration 



echnique 

Cu 

Mean ± SD 

Zn 

Mean ± SD 

Ni 

Mean ± SD 

Cr 

Mean ± SD 

Pb 

Mean ± SD 

Drastic 


*(0.07-0.1) 

1.9±0.15 

4,8 + 0.39 

5.9 ± 0.49 

3.610.33 

5.0 ± 0.45 



*(0.3) 

2.0 ± 0.22 

5.0 ±0.40 

5.8 ±0.50 

3.8 ±0.35 

4.9 ±0.50 



*(0.6) 

1.9 ±0.18 

4.7 + 0.35 

6.2 ±0.50 

3.9 ± 0.30 

5.1 ±0.45 



*(0.9) 

2.2 ±0.19 

4.8 ±0.35 

6.3 ±0.49 

4.2 ±0.32 

5.1 ±0.50 



*(1.2) 

2.1 ±0.20 

4.9 ±0.37 

5.9 + 0.48 

4,6 ±0.30 

5.2 ± 0.40 



*(1.5) 

2.0±0.17 

4.9 ±0.37 

5.9 ±0.51 

4.6 ±0.33 

5.0 ±0.44 



t 

2.1 ±0.19 

4.8 ±0.40 

6.3 ±0.50 

3.9 ±0,35 

5.2 ±0.50 




2.0 ±0.21 

4.8 ±0.38 

6.0 ±0.49 

4.0 ±0.33 

4.8 ±0.46 

Moderate 

*(0.07-0.1) 

1.9 ±0.81 

3.9 ±1.28 

4.2 ± 1.83 

2.3 ± 1.52 

2.9 ±1.79 



t 

1.4 ±0.93 

3.0±1.35 

3.6 ± 1.64 

3.3 ± 1.69 

3.5 ± 1.92 




1.1 ±0.80 

2.6 ±1.44 

3.7 ±1.53 

2.9 ±1.67 

2.5 ± 1.84 

Mild 


*(0.07-0.1) 

0.8 ±0.32 

0.9 ±0.71 

1.2 ±0.87 

0.9 ± 0.76 

1.5 ±0.89 



t 

0.6 ±0.41 

0.7 ±0.63 

0.9 ±0.80 

1.3 ±0.66 

1.1 ±0.92 



t 

0.4 ±0.33 

1.2 ±0.94 

1.3 ±0.91 

0.8 ±0.78 

0.9 ±0.81 

*Soil; ’ 
Values 

^unbaked bricks; ^baked bricks, 
in parenthesis represent depth in 

m, from top. 

at which the sample was collected. 


Table 3. 

exposure to 

Mean concentration 
intermittent simulated 

(mg kg"h of metals in the core of baked bricks, after their 
rain (100mlday"‘) under natural conditions at 30-35“C (drastic- 
treatment data) 

Rainfall 




Concentration* 



Duration 


Cu 

Zn 

Ni 

Cr 

Pb 

in days 

pH 

Mean ± SD 

Mean ± SD 

Mean ± SD 

Mean ± SD 

Mean ± SD 

2 

7.5 

2.2±0.17 

4,9 ±0.40 

6.2 ±0.50 

3.9 ±0.33 

5.1 ±0.43 

5 

7.5 

2.3±0.19 

4.710.37 

6.0 ±0.51 

3.9 ±0.35 

5.1 ±0.47 

10 

7.5 

2.0±0.18 

4.8 ±0.39 

5.9 ±0.47 

3.5 ±0.31 

4.9 ±0.46 

2 

6.0 

2.0 ±0.21 

4,8 ±0.35 

6.0 ±0.48 

4.0 + 0.34 

5.2 ±0.50 

5 

6.0 

2.2 ±0,22 

4.6 ±0.37 

6.2 ±0.51 

3.8 ±0.35 

5.1 ±0.48 

10 

6.0 

1.9 ±0.22 

4,5 ±0.41 

6.1 ±0.49 

3.5 ±0.33 

4.8 ±0.49 

2 

5.0 

2.1+0.19 

4.9 ±0.41 

5.9 ±0.47 

4.1 ±0.35 

5.1 ±0.50 

5 

5.0 

1.9 ±0.22 

4.6 ±0.39 

5.8 ±0.50 

3.8 ±0.35 

4.8 ±0.50 

10 

5.0 

1.9±0.21 

4.4 ±0.41 

5.6 ±0.50 

3.6 ±0.34 

4.6 ±0.51 


* Average of 40 samples. 


rarely exceeds 700“C, and the existing vaporization/dis¬ 
sociation temperature data^^ of different metal salts sug¬ 
gest that the major amount of most of the soil-bound 
heavy metals possibly remains intact in the soil matrix 
at this temperature. This contention is supported by 
drastic-treatment results (Table 2), indicating appro¬ 
ximately similar concentrations of metals in soils, un¬ 
baked bricks and baked bricks. The negligible 
fractionation of metals during brick construction and to 
some extent insignificant effect of rain and radiation 
on heavy-metal concentrations in the core of bricks 
(Table 3) make it feasible to consider bricks as repre¬ 
sentative samples of the parent soil from the viewpoint 
of heavy-metals composition. The compactness and easy 
availability are other distinct advantages in using bricks 
as a geochemical monitor, rather than ice, peat and 
sediments. 

From the viewpoint of plant nutrition, soil layers at 
0.1-lm depth from the top are the most important 


because mineral-absorbing zones of plant roots generally 
lie in this region. Changes in concentrations and mobility 
of metals in this region have a direct consequence on 
the living systems, and the entry of some toxic metals 
in the food chain cannot be ruled out. Incidentally, in 
brick construction also, this portion of soil is mainly 
used. Thus, bricks act not only as representative samples 
of the parent soil but also as samples of biologically 
most important layers of the top soil. 

Heavy metals enter the soil through many sources, 
viz. atmospheric depositions, agricultural activities, indus¬ 
trial and local emissions. By analysing bricks of different 
ages derived from interior and well-preserved portions 
of old buildings/monuments for different metals and 
presenting the data on time scale, it is possible to trace 
the past and present accumulation rates of metals in 
soils of a particular area. Moreover, with the help of 
statistical tools the identification of probable sources of 
these metals and the estimation of their contributions 
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is possible. Analysis of samples collected from remote 
areas, where local effects are negligible, will reflect the 
rates of global inputs through atmospheric depositions. 
In contrast to approximate and lengthy stratigraphic, 
biostratigraphic, radiometric and geomagnetic techniques 
used for dating aquatic sediments, peat and ice deposits, 
the dating method for bricks is limited to determining 
the construction time of the building from which the 
brick sample is derived. Most parts of the world have 
witnessed much of the industrial and urban growth only 
during the last 200 years and brick samples of this 
duration can be easily obtained and accurately dated. 
Further, bricks being heavy construction material are 
never transported over long distances due to economic 
reasons and remain representative samples of soil of 
the area of their collection. 

Though our study has shown both bricks and soil as 
true representatives of each other in respect of con¬ 
centrations of all the five metals analysed, this trend, 
far from being general, is bound to be dependent on 
soil characteristics of the particular area and minor 
variations in brick-making process from place to place. 
In the event of certain metals showing considerable 
fractionation during brick construction, the ratio x (x = 
[metal]^^jj/[metal]j^^^g^^^j^.^) may be determined by analys¬ 
ing a large number of present-day samples. With some 
approximations, the average values of x (for different 
metals) can be utilized in calculating metal concentrations 
in soils of different ages from the metal concentrations 
data of old bricks. The present study, thus, leads to the 
following conclusions: 

1. From heavy-metal concentrations viewpoint, except 
for few volatile metals, bricks derived from interior and 
well-preserved parts of buildings can be regarded as 
representative samples of the parent soil. 

2. To some extent, rains and radiations do not change 
metal concentrations in the core of bricks. 

3. Due to greater compactness and easy availability 
of samples, bricks are likely to be a better geochemical 
monitor than ice, peat and sediments and can be used 
in geochemical monitoring of heavy-metal pollution. 
However, this technique has to be used judiciously for 
monitoring atmospheric heavy-metal pollution of soil in 
historical times due to anthropogenic activities in the 


past, because the parent soil of a brick collected from 
a specific area may have inherently high heavy-metal 
content due to natural causes also. 

Finally, it should be stated that the conclusions derived 
here are based on the study restricted to the city of 
Agra and its suburbs only. More such studies, in other 
parts of the world, are needed to understand the exact 
potential of bricks as a geochemical monitor. 
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Mahatma Gandhi: An Apostle of 
Applied Human Ecology. T. N. Khoshoo. 
Tata Energy Research Institute, New 
Delhi. 1995. pp. 71. _____ 


1995 has been declared by UNESCO as 
the International Year For Tolerance. The 
principal aim of this initiative is to 
promote among humankind at least 
tolerance and understanding, if not love, 
of diversity and pluralism in human com¬ 
munities in terms of religion, language, 
ethnicity, skin colour, gender and political 
belief. The Director-General of UNESCO, 
Federico Mayor, mentioned in a lecture 
at New Delhi in May 1995 that fostering 
appreciation and tolerance of human 
diversity is the best way of commemorat¬ 
ing the 125th birth anniversary of Mahat¬ 
ma Gandhi. Gandhiji’s gospel of 
nonviolence was based on his conviction 
that nonviolence cannot be practised in 
compartments - it has to be total, encom¬ 
passing all manifestations of life. Thus, 
he once mentioned that it will not be 
possible to be nonviolent to nature if we 
are going to be violent to each other. 
He was convinced that the alternative to 
sarvodaya was sarvanasha. 

The Global Biodiversity Convention at 
Rio de Janeiro in 1992 designed to 
protecting flora, fauna and microor¬ 
ganisms will not help in achieving its 
purpose, unless there is an equal com¬ 
mitment to preserve, respect and nurture 
human diversity. It is worth repeating 
this central message of Gandhian thought 
and action at a time when violence is 
growing in the human heart. This trend 
is getting reflected in many ways - start¬ 
ing with violence to oneself (through 
drug addiction and AIDS) and violence 
to whole religious or ethnic groups as is 
happening in the former Yugoslavia or 
in Rwanda. The term 'ethnic cleansing’ 
is now being used in the mass media 
without evoking horror and universal con¬ 
demnation. T. N. Khoshoo has reminded 
us through this well-written book the 
beauty, simplicity and eternal relevance 
of Gandhiji’s views on different aspects 
of human development. The book indi¬ 
cates how the four major ills of contem¬ 
porary human developmental pathways 
could have been avoided had policy 
makers in all countries followed the 
Gandhian approach and methods of plan¬ 
ning. It would be useful to refer to these 
briefly, since reexamining them and adapt¬ 


ing them to present-day conditions could 
pave the way to achieving the harmony 
we now seek with nature and with each 
other. 

The first serious malady of today’s 
pattern of economic growth is the in¬ 
creasing rich—poor divide in economic 
well-being. Over 84% of the world’s 
annual income now goes to 20% of the 
world’s people. Another 20% get only 
1.4% of the global annual income. One 
billion women and men live on a daily 
per capita income of less than one US 
dollar, while another 2 billion earn less 
than 2 US dollars per day. Everyday 
68,000 babies are born to families living 
on less than one dollar per day. The 
Gandhian recipe to such gross inequity 
consisted of three seminal ideas. First, 
the promotion of sustainable life-styles 
would lead to curbing greed and meeting 
the essential needs of everyone. Second, 
the adoption of democratic decentraliza¬ 
tion in planning would lead to addressing 
the minimum needs of every child, woman 
and man. Third, the adoption of the con¬ 
cept of trusteeship by the well-to-do with 
reference to their surplus wealth will result 
in the promotion of symbiotic social con¬ 
tracts between the rich and the poor. For 
example, if the 20% of the global popula¬ 
tion now enjoying 84% of its annual 
income will regard themselves as trustees 
and not owners of their enormous income 
and will adopt sustainable life-styles and 
share their wealth with the poor, the 
funds needed to overcome extreme pover¬ 
ty and deprivation will be readily avail¬ 
able. 

Secondly, the present pathways of 
development are causing serious damage 
to the environment, resulting often in 
irreversible harm to the rights of the 
unborn for a healthy and productive life. 
Khoshoo has explained .in detail the 
Gandhian approach to protecting our life 
support systems of land, water, flora, 
fauna, forests and the atmosphere. Con¬ 
serving nature and natural resources and 
using them in an ecologically sustainable 
and socially equitable manner constitutes 
the core of the Gandhian approach to 
environment protection, 

A third serious malady of present-day 
developmental paradigm is the pheno¬ 
menon of jobless' growth, i.e. GDP in¬ 
creases but employment opportunities 
diminish. Gandhiji’s approach to promot¬ 
ing sustainable livelihood security was 
the creation of eco-jobs based on organic 


recycling, garbage and sewage utilization, 
generation of wealth from wastes, ecologi¬ 
cal farming, value-addition to natural 
products through village-level agro¬ 
processing and promotion of self-reliance 
at the village level to the extent possible. 
Decentralized production supported by a 
few key centralized services will help to 
convert the concept of sustainable 
livelihoods for all from rhetoric to reality. 
The charkha was the most elegant and 
effective symbol Gandhiji used to stress 
the need to convert cotton into cloth at 
the local and even household level, rather 
than sending cotton abroad (as was hap¬ 
pening in the 1930s) and importing tex¬ 
tiles. To the slogan 'export or perish’ the 
Gandhian answer will be ‘import less and 
live’, since the present pattern of exports 
based on an unsustainable exploitation of 
environmental capital stocks would result 
in ‘export and perish’. 

Finally, the most serious of present-day 
ills is the spread of violence. Mini con¬ 
flicts arc replacing mega conflicts. Failure 
to integrate the principles of equity and 
ethics in the present developmental 
paradigm is a major reason for the spread 
of a culture of violence. Economic struc¬ 
tural adjustment dictated by international 
financial institutions enhances the depriva¬ 
tion and misery of the poor. These adverse 
effects are being addressed through 
recipes such as structural adjustment with 
a human face and safety nets for the 
poor. Gandhiji considered economic 
equality an essential condition for non¬ 
violent independence. He once mentioned 
that a technological society has two 
choices. First, it can wait until catastrophic 
failures expose systemic deficiencies, dis¬ 
tortion and self-deceptions (as is happen¬ 
ing now). Alternatively, a culture can 
provide social checks and balances to 
correct tor systemic distortion prior to 
catastrophic failures. The alternative ap¬ 
proach involves adopting antyodaya (at¬ 
tention to the poorest person) as a means 
to achieving sarvodaya (well-being of 
all). It also involves gender equity, with 
women being accorded the same status 
and attention as men in all spheres of 
human development. Thus, the structural 
adjustment we need now in the world is 
adjustment to sustainable life-styles and 
to the internalization of the principles of 
equity, both in gender and economic 
terms, in our daily life. 

Khoshoo and the Tata Energy Research 
Institute have rendered great service to 
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contemporary development debate by 
bringing out this collection of Gandhian 
principles in the areas of environment 
and development. At least in vocabulary, 
the Gandhian approach is being recapitu¬ 
lated in the declarations of the recent 
UN Conferences. If a stripe review is 
undertaken of the declarations made at 
the Children’s Summit in New York 
(1990), the UN Conference on Environ¬ 
ment and Development, Rio de Janeiro 
(1992), the Conference on Human Rights, 
Vienna (1993), the Conference on Popula¬ 
tion and Development, Cairo (1994), the 
UN Social Summit, Copenhagen (1995) 
and the Fourth World Conference on 
Women to be held in Beijing in September 
1995, we will find a striking resemblance 
between many of the statements contained 
in Khoshoo’s book and those embodied 
in the international declarations. Convert¬ 
ing the Gandhian development strategies 
and value systems from theory into prac¬ 
tice is thus an idea whose time has come. 

M. S. SWAMINATHAN 

M. S, Swaminathan Research Foundation, 
3rd Cross Street, 

Taramani Institutional Area, 

Madras 600113, India. 


Recent Trends in Aerobiology, Allergy 
and Immunology. A collection of Plenary 
Lectures and Contributory Articles. Ed. 
S. N. Agashe. Oxford & IBH Publishing 
Co. Pvt. Ltd., New Delhi. 1994. 315 pp. 
Price; Rs 750. 


Aerobiology is the study of airborne par¬ 
ticles of biological origin, their sources, 
liberation, deposition and impact on 
agriculture/human health. The presence 
of these particles in the atmosphere is 
influenced by environmental and climatic 
conditions. The emphasis of aerobiology 
has shifted from one aspect to another. 
During the last few decades, aerobiology 
has assumed importance because of its 
role in diagnosis of allergic disorders. 
The role of pollen in allergic rhinitis was 
shown by Charles Blackley as early as 
1873. Since then, a lot of work has gone 
in to show the relationship between 
aerobiology and allergology. Various sys¬ 
tematic studies were conducted on the 


presence of pollens and fungal spores in 
the atmosphere and their effect on human 
health. The book under review consists 
mainly of papers presented at the 5th 
International Aerobiology Conference 
held at Bangalore in August 1994. The 
20 topics cover diverse areas, mainly of 
aerobiology related to allergy, except for 
a few topics dealing with the usefulness 
of aerobiology in forensic sciences, solar 
radiation, polymorphic light eruption, and 
paradox and placebo of medicine in the 
21st century. 

Brown in his article has brought out 
the historical relationship between 
aerobiology and allergy, while John Lacey 
in his article has emphasized the other 
aspects of aerobiology and given various 
priorities for aerobiological research. 
Other articles on pollen calendar and the 
environmental influences on the aller¬ 
genicity of pollens give a lot of infor¬ 
mation in this area. A few articles on 
fungal spores, including altemaria, and 
their effect on human health and foods 
are worth reading. The pollen allergy in 
India has been dealt with in great detail. 
Also there is an interesting article on 
latex allergy which warns of the severe 
risk for workers in the manufacture of 
latex products. The house dust mite is a 
known source of allergen which has been 
shown to be a principal factor responsible 
for early morning asthmatic attacks. The 
book has two articles on this topic: one 
on the current studies of research on dust 
mite in India and the other on the use 
of mite allergens for immunotherapy. 
Until a few years ago, insects were not 
considered as major allergenic source. 
However, during the last few years insects 
as aeroallergens have been conclusively 
established and the review of this topic 
is very informative. The book also covers 
molecular characterization of allergens 
and the current studies in immunotherapy. 

The wide range of fields covered in 
this volume illustrates the importance of 
aerobiology. However, the topics are not 
arranged with any specific aspect in mind. 
There is scope for improvement by reduc¬ 
ing the typographical errors and improv¬ 
ing the quality of paper and the production 
of photograhs. Even though the references 
quoted by various authors are comprehen¬ 
sive, there are serious deficiencies con¬ 
cerning recently published literature. The 
inclusion of subject index and abbrevia¬ 
tions used in the book could have added 
to the quality of the book. 


In spite of all deficiencies the book 
gives a lot of current information on 
various aspects of aerobiology and is an 
important edition for the students working 
in this field. The book is not priced but 
I hope it will be within the reach of any 
Indian student and will be inspiring to 
the research workers in aerobiology. 

S. V. Gangal 

Centre for Biochemical Technology, 
Delhi University Campus, 

Mall Road, Near Jubilee Hall, 

Delhi 110 007, India. 


In vitro Culture and its Applications 
in Horticulture. H. Vidalie (coordinator). 
Oxford & IBH Publishing Co. Pvt. Ltd., 
New Delhi. 1995. 231 pp. Price: Rs 360. 

In vitro culture of economically important 
crop species is a key area of applied 
research in biotechnology. Micropropaga¬ 
tion technology is the best example of 
direct applications of research outcome 
in different plant species. During the past 
decade many dn vitro' culture techniques 
have been scaled up to commercial level 
and now various commercial companies 
are producing a large number of 
propagules of selected rare clones of 
various plant species, among them orna¬ 
mental and horticultural crops being the 
main candidates. In these species full- 
fledged technologies are standardized and 
are being commercially exploited. A lot 
of information is available in the form 
of research and review articles. There are 
many books available on the in vitro 
culture of ornamental, horticulture, woody 
perennials, and important crop species. 
The book under review is an addition to 
the voluminous literature already existing. 
The book is contributed by a team of 
teachers, researchers and practitioners of 
commercial tissue culture from Angers, 
France. 

This book covers the various aspects 
of in vitro culture application, main 
methods of laboratory set-up, media 
preparation, the choice of explant, and 
physiological phenomena related to in 
vitro culture. The genetic aspect of 
tissue-culture-raised plants has also been 
considered. 
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The first part of the book is on the 
history, basic physiology of differentiation 
and redifferentiation, the role of hor¬ 
mones, the choice of explant as per age, 
size, position and response in culture. 
One of the chapters is on nutritional 
aspects, such as chemical composition of 
the medium and its physical characteristics 
(e.g. liquid/solid environment, media and 
gaseous exchange). Physical characteristics 
of the culture environment such as the 
intensity, quality and duration of light, and 
the temperature are also discussed. 

The chapter on the technology of in 
vitro culture includes information on 
laboratory set-up and instruments/equip¬ 
ment for in vitro culture, the complete 
laboratory procedures for preparation of 
glassware, stock solutions, media and 
their sterilization. Procedures for the 
preparation, disinfections are also dis¬ 
cussed. 

Meristem culture is illustrated with 
‘Japanese artichoke’ as a model system 
and also micropropagation, giving an ex¬ 
ample of Saintapaulia. Also covered is 
the general background of techniques and 


significance of anther/pollen culture and 
protoplast culture. 

The chapter ‘Biotechnologies in horti¬ 
culture: Possibilities and perspectives’ 
describes modem methods such as 
protoplast fusion, haploids, somaclonal 
variation, and molecular genetics. There 
is also a chapter on gene transformation 
and somatic embryogenesis, and on 
genetic aspects of in vitro regenerated 
plants. 

The book contains an informative 
article on the mycorrhiza and in vitro 
culture, where the types of mycorrhiza, 
its association with specific plants, and 
applications of mycorrhization have been 
explained in detail. There is one chapter 
which deals with application of in vitro 
culture in disease elimination and disease 
resistance. 

Lastly, advantages of in vitro culture, 
its economical aspects and constraints are 
presented. There is an account of the 
present and future status of in vitro culture 
of ornamental plants, woody plants and 
fmit trees. A list of plants for which techno¬ 
logy has been commercialized is given. 


Overall, the book covers information 
on general techniques of in vitro culture 
useful for beginners and students. The 
information could have been better organi¬ 
zed and repetition of many aspects 
avoided. Although recent applications and 
constraints of in vitro culture have been 
covered, they should have been described 
in more detail so as to make the infor¬ 
mation more complete. As the title of 
the book indicates, an account of in vitro 
technologies for economically important 
horticultural crops and significance of in 
vitro culture pertaining to specific 
problems in these crops would have been 
more useful. 

Tissue culture and its commercial 
exploitation are emerging fields and this 
book will be useful to people entering 
these fields. 

R. S. Nadgauda 

Plant Tissue Culture Division, 

National Chemical Laboratory, 

Pune 411 008, India. 


Erratum 

Testosterone metabolism by rhesus 
monkey spermatozoa; Effects of 
antifertility agents 

M. Rajalakshmi, R. S. Sharma, S. Mokkapati and 
P. C. Pal 

(Curr. Sci., 1995, 68, 1121) 

The title of the article and the names of the authors 
were inadvertently left out from the Contents of the 
10 June issue. We regret the error. 

— Editors 
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Two undocumented historic earthquakes and additional information 
on the major earthquake of 1 September 1803 from north India 

R. N. Athavale 

Information about historic earthquakes noted in the records of the Peshwa period is extracted. 
It reveals in north Indian plains occurrence of two earthquakes not documented in the existing 
catalogues of Indian earthquakes. One event was felt near Delhi on 10 October 1760 and the 
other at Varanasi on 30 September 1803. Some additional information about the documented 
earthquake of 1 September 1803 has become available. It suggests that this major earthquake 
had its epicentre in the Garhwal area of Himalaya and it caused simultaneous damage in 
Allahabad, Varanasi and Gaya cities in the Gangetic plains. 


The recent earthquakes of Latur on 30 
September 1993, Uttarkashi on 20 October 
1991 and Koyna on 11 December 1967 
and the current discussion on advisability 
of the construction of Tehri dam in an 
earthquake-prone area have increased 
public awareness on the need of seismic 
studies and surveillance. Catalogues of 
historic and recent earthquakes have been 
prepared by various workers from time 
to time*“*^\ These inventories of earth¬ 
quakes are useful in knowing about 
general seismicity level of an area and 
in preparing seismic zoning maps. 

The Koyna earthquake had an initial 
element of surprise as it took place in 
an area generally considered bf^ earth 
scientists as aseismic. Subsequent to the 
Koyna earthquake, Kelkar^^ searched the 
historical records of Maharashtra over 
the last 300 years and showed that the 
Western Continental margin in general 
and the Koyna area in particular were 
not as aseismic as was believed till then. 
He produced historical evidence for ten 
earthquakes over the period 1598-1832. 
Out of these, two earthquakes of 1757 
and 1764 AD were in the Dhom- 
Mahabaleshwar area, where the dam on 
Koyna river is located. 

I have recently come across another 
article in the 26 January 1934 issue of 
the Marathi daily Kesari^^ which contains 
description of two earthquake events of 
10 October 1760 and 30 September 1803 
which are not listed in the compilations 
referred to above. Further, it also provides 
a more graphic description about the listed 
major earthquake of 1 September 1803, 
which affected large areas of north India. 
The following description is about the 1 
September 1803 (Bhadrapad, Shuddha 
Chaturdashi) earthquake: 


‘The earthquake took place at midday. Houses 
oscillated for one Ghataka (24 min). Persons 
sleeping on the side were turned either face 
upwards or downwards. The cattle on leash 
showed great unease. Roof tiles fell. The grain 
market area caught fire. Two stars fell. Their 
light during daytime was similar to starlight 
and lasted for a quarter Ghataka (6 min). People 
got scared. They left their houses and came 
out in courtyards. Everyone felt as if doomsday 
was today itself This earthquake occurred at 
Kashi (Varanasi), Prayag (Allahabad) and 
Gaya, at these three places at the same time. 
Besides, up above near Lord Vishnu’s abode 
Badrikedar, the city of Srinagar existed at a 
distance of 4-5 kos (10-15 km); in that city 
and in its neighbourhood, earthquakes occurred. 
The land parted. About 500 to 1000 houses 
collapsed; mountains also collapsed’. 

The reference to Srinagar town of 
Garhwal district of Uttar Pradesh in past 
tense in the above account is significant. 
Baird-Smith‘ states that Srinagar, the capi¬ 
tal of Garhwal state, had 700-800 houses 
in 1796 when Colonel Hardwicke visited 
it and that it was found in a ruined status 
by M/s Webb and Raper when they visited 
it in 1808. The information culled from 
Peshwa period records about damage to 
Srinagar town is thus corroborated through 
independent observations. Baird-Smith* 
reports on the damage caused by this 
earthquake in Mathura and Oldham^ 
records that it was felt in Calcutta and 
also in the upper Ganga valley. The same 
earthquake was felt at Lucknow, Farru- 
khabad and Jabalpur'^ also (Figure 1). 

Chandra^ lists the Mathura shock and 
the one felt in the upper Ganga valley 
as separate events of 1 September 1803 
and does not include the Calcutta shock 
for this date. Bapat et al? list only the 
Mathura shock against 1 September 1803 
and assign it a magnitude of 6.5. Rastogi*"^ 


assigns a magnitude of 7 to this 
earthquake. Gupta and Seeber and 
Ambruster'^ have considered four definite 
great earthquakes of Indian Himalaya as 
the 1897 Shillong, 1905 Kangra, 1934 
Bihar-Nepal and 1950 Assam events and 
three doubtful ones as the 1803 shock 
discussed here, the 1833 even in western 
Bihar and the 1885 shock of Kashmir. 
The additional historic information 
gleaned from the Peshwa period record 
suggests that the earthquake of 1 Sep¬ 
tember 1803, with its meizoseismal area 
in the Garhwal region, affecting the entire 
Gangetic alluvial plain from Mathura to 
Calcutta and felt at Jabalpur (Figure 1) 
in the shield area, can also be included 
in the category of great earthquakes (mag¬ 
nitude greater than 8) without any reser¬ 
vation. 

The descriptions^^ of the other two 
earthquakes which do not find a place 
in the earthquakes catalogues referred to 
above are as follows. 

Regarding the earthquake of 30 Sep¬ 
tember 1803: 

‘On Ashwin Shuddh Chaturdashi (30 Septem¬ 
ber 1803) two big stars fell in Kashi (Varanasi). 
Light shined for 4 Ghatakas (1 h 36 min). 
There was loud sound similar to that made 
by a thunderbolt. A big earthquake took place. 
Two-three hundred houses fell. The Bhagirathi 
was very turbulent for 4 Ghatakas. Rainfall 
occurred for one-and-a-half day. In the area 
(Moholla) near Bindumadhav, up to 200 houses 
got burnt. The water in the stream of Ganga 
was turbulently rising up to two spears height 
for a period of 3 Ghatakas (1 h 12 min). And 
many loud sounds occurred in the water and 
thousands of stars (Nakshtras) fell at night.’ 

The second earthquake is reported by 
Nana Phadnavis, a minister at Peshwa’s 
court, who accompanied the Maratha army 
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LONGITUDE IE) 

Figure 1. Map of India showing towns/sites described in the text. Square symbols 
are for localities affected by the earthquake of 1 September 1803. [1. Badrinath, 
2. Uttarkashi, 3. Srinagar, 4. Tehri, 5. Mathura, 6. Farrukhabad, 7. Lucknow, 8. 
Allahabad, 9. Varanasi, 10. Gaya, 11. Calcutta, 12. Jabalpur, 13. Panipat, 14. 
Sonipat, 15. Delhi, 16. Dhom, 17. Mahabaleshwar, 18. Koynanagar, 19. Latur.] 


on its northern campaign which cul¬ 
minated in the third battle of Panipat^^ 
fought on 14 January 1761. He records 
the following in his autobiography; 

‘There I worshiped (darshan) the Lord of the 
Earth (Prithivipati) as ordered by his Highness 
(Shriman) Bhausaheb (Peshwa). Then i came 
to His Highness at his army camp. Afterwards, 
an earthquake occurred while 1 was sitting 
with His Highness.’ 

The Maratha army was in Delhi-Panipat 
area from August 1760. According to 
historians, the ruler of Delhi (Badshah) 
was referred to in the contemporary 
Marathi literature as Prithvipati. Nana 
Phadnavis attended the anointment 
ceremony of Crown Prince Jawanbakht 
at Delhi on 10 October 1760 and then 


reached the Maratha army camp near 
Sonipat, about 45 km north of Delhi, on 
the same or perhaps on the next day. 
He, therefore, felt the earthquake at this 
location. 

The information provided here and in 
Kelkar’s article^* suggests that our his¬ 
torical records are replete with descrip¬ 
tions pertaining to earthquakes and other 
catastrophic environmental events such as 
floods, droughts and meteorite falls. There 
is clearly a need for a forum for discus¬ 
sions between scientists interested in 
neotectonics, archaeoseismology and the 
past global changes (PAGES) programme 
of IGBP in India on the one hand and 
the historians and archaeologists on the 
other, so that the latter can look at their 
source material with the perspective of 


the former group. It also follows that any 
feasibility study for a major irrigation, 
industry or power project should incor¬ 
porate a report on the environmental his¬ 
tory of the project site, prepared by those 
who have worked on the history and 
archaeology of the area where the project 
is to be located. 


1. Baird-Smith, R., J. Asiatic Sac. Bengal, 
1843, 12, 1029-1056. 

2. Oldham, R., Mem. Geol Surv. India, 1883, 
19(3), 163-215. 

3. Bapat, A., Kulkami, R. C. and Guha, S., K., 
Indian Soc. Earthquake TechnoL, 1983, 
1 - 211 . 

4. Rao, B. R. and Rao, P. S., Bull. Seismol. 
Soc. Am., 1984, 74, 2519-2533. 

5. Chandra, Umesh, Bull. Seismol. Soc. Am., 
1977, 67, 1387-1413. 

6. Chandra, Umesh, Curr. Sci., 1992, 67, 40-71. 

7. Srivastava, H. N. and Ramachandran, K., 
Mausam, 1985, 36, 351-358. 

8. Ramachandran, K. and Srivastava, H. N., 
Mausam, 1991, 42, 171-182. 

9. Valdiya, K. S., Curr. Sci., 1992, 63, 291- 
296. 

10. Guha, S. K. and Basu, P. C., 1993, AERB 
Tech. Doc. No. TD/CSE-l, pp. 1-70. 

11. Kelkar, Y. N., Kesari (Marathi daily pub¬ 
lished from Pune), 7 January 1968, p. 7. 

12. Anonymous, Kesari (Marathi daily publish¬ 
ed from Pune), 26 January 1934. 

13. Chandra, Moti, History of Kashi (in Hindi), 
Hindi Granth Ratnakar, Bombay, 1962, p. 
366. 

14. Rastogi, B. K., Mem. Geol. Soc. India, 
1995, 30, 43-50. 

15. Gupta, H. K., Curr. Sci., 1992, 62, 257-263. 

16. Seeber, L. and Ambruster, J. G., in 
Earthquake Prediction - An International 
Review, Maurice Ewing Series 4, Am. 
Geophys. Union, Washington, D.C., 1981, 
pp. 259-277. 

17. Joshi, L. (ed.), Marathi Vishwa Kosh {En¬ 
cyclopaedia), 1980, 9, 547-550. 

ACKNOWLEDGEMENTS. Mr K. G. Kulkar- 
ni has rendered valuable help in fixing the 
date and location of the 1760 earthquake. Mr 
Y. S. Lele invited my attention to the article 
in the daily Kesari. Prof. K. D. Abhyankar 
verified the conversion of ‘tithis’ in Hindu 
Almanac into Gregorian calendar dates. Dis¬ 
cussions with many colleagues were useful. 

R. N. Athavale is in the National 
Geophysical Research Institute, Hydera¬ 
bad 500 007, India. 


Edited and published by Prof. S. Ramaseshan and Prof. P. Balaram, Current Science Association, Bangalore 560 080. 
Typeset by R D Typesetters, Bangalore 560 010. Printed by Lotus Printers, Bangalore (Ph: 3380167). 


280 


CURRENT SCIENCE, VOL. 69, NO. 3, 10 AUGUST 1995 




CURRENT SCIENCE 

A fortnightly journal of research 

Editors: S. Ramaseshan and P. Balaram 


Editorial Board 

S. Arunachalam, Central Electrochemical Research . Institute, 
Karaikudi 623 006 

Asis Datta, School of Life Sciences, Jawaharlal Nehru University, 
New Delhi 110 067 

*D. Balasubramanian, Centre for Cellular and Molecular Biology, 
Hyderabad 500 007 

J. Chandrasekhar, Department of Organic Chemistry, Indian Institute 
of Science, Bangalore 560 012 

R. Gadagkar, Centre for Ecological Sciences, Indian Institute of 
Science, Bangalore 560 012 

K. N. Ganeshaiah, Department of Plant Genetics and Breeding, 
University of Agricultural Sciences, Bangalore 560 065 

R. V. Hosur, Tata Institute of Fundamental Research, Bombay 
400 005 

N. V. Joshi, Centre for Ecological Sciences, Indian Institute of 
Science, Bangalore 560 012 

Jyotirmoy Das, Indian Institute of Chemical Biology, Calcutta 
700 032 

C. C. Kartha, Division of Cellular and Molecular Cardiology, Sree 
Chitra Tirunal Institute for Medical Sciences and Technology, 
Thiruvananthapuram 695 011 

S. S. Krishnamurthy, Inorganic and Physical Chemistry Department, 
Indian Institute of Science, Bangalore 560 012 

S. C, Lakhotia, Department of Zoology, Banaras Hindu University, 
Varanasi 221 005 

K. Muralidhar, Department of Zoology, Delhi University, 
Delhi 110 007 

R. Narasimhan, CMC Limited, Bangalore 560 001 
K. Neelakantan, ANURAG (Advanced Numerical Research and 
Analysis Group), Hyderabad 500 258 

R. Nityananda, Raman Research Institute, Bangalore 560 080 

T. Padmanabhan, Inter-University Centre for Astronomy and 
Astrophysics, Pune 411 007 

B. R. Pai, Propulsion Division, National Aerospace Laboratories, 
Bangalore 560 017 

T. J. Pandian, School of Biological Sciences, Madurai Kamaraj 
University, Madurai 625 021 

Y. S. Rajan, Department of Science and Technology, New Delhi 
110 016 

M. Ramakrishnan, Geological Survey of India, Calcutta 700 016 
A. V. Ramani, T. T. K. Pharma Ltd., Bangalore 560 025 

S. Ramaswamy, Department of Physics, Indian Institute of Science, 
Bangalore 560 012 

A. K. Raychaudhuri, Department of Physics, Indian Institute of 
Science, Bangalore 560 012 

S. R. Shetye, Physical Oceanography Division, National Institute of 
Oceanography, Dona Paula, Goa 403 004 
V. Siddhartha, 51 Bharati Nagar, New Delhi 110 003 
V. Srinivas, School of Mathematics, Tata Institute of Fundamental 
Research, Bombay 400 005 

G. Srinivasan, Raman Research Institute, Bangalore 560 080 
R. Uma Shaanker, Department of Crop Physiology, University of 
Agricultural Sciences, Bangalore 560 065 
K. S. Valdiya, Department of Geology, Kumaun University, 
Nainital 263 002 

G. Venkataraman, Department of Physics, Sri Sathya Sai Institute 
of Higher Learning, Prasanthi Nilayam 515 134 
M. Vidyasagar, Centre for Artificial Intelligence aripl Robotics, 
Bangalore 560 001 

K. VijayRaghavan, TIFR Centre, Indian Institute of Science Campus, 
Bangalore 560 012 


Current Science, founded in 1932, is published by the Current 
Science Association in collaboration with the Indian Academy of 
Sciences. The journal is also intended as a medium for 
communication and discussion of important issues that concern 
science and scientific activity. All articles published in Current 
Science, especially editorials, opinions and commentaries, letters 
and book reviews, are deemed to reflect the individual views of 
the authors and not the official points of view, either of the 
Current Science Association or of the Indian Academy of 
Sciences. 


Working Committee, Current Science Association 

P. Balaram, Indian Institute of Science, Bangalore 
R. Chidambaram, Department of Atomic Energy, Bombay 
V. K. Gaur, CSIR Centre for Mathematical Modelling and Computer 
Simulation, Bangalore 

K. Kasturirangan, ISRO Satellite Centre, Bangalore 

P. K. Kaw, Institute for Plasma Research, Gandhinagar 

N. Kumar, Raman Research Institute, Bangalore {Vice-President) 

N. V. Madhusudana, Raman Research Institute, Bangalore {Secretary) 

A. Mani, Field Research Unit, Indian Institute of Tropical Meteorology, 
Bangalore {Past-President) 

R. A. Mashelkar, National Chemical Laboratory, Pune 
R. Narasimha, Jawaharlal Nehru Centre for Advanced Scientific 
Research, Bangalore 

G. Padmanaban, Indian Institute of Science, Bangalore 
{Vice-President) 

R. Ramachandran, The Institute of Mathematical Sciences, Madras 
P. Rama Rao, Department of Science and Technology, New Delhi 

S. Ramaseshan, Raman Research Institute, Bangalore {Treasurer) 

M. S. Valiathan, Manipal Academy of Higher Education, Manipal 

{President ) 

Editorial Office 

Editorial staff 

Chandrika Ramesh, G. Madhavan, C. S. Ravi Kumar, 
M. S. Venugopal 

Circulation and Accounts 

Peter Jayara], Ranjini Mohan, B. Sethumani, Shanthi Bhaskar, 

B. K. Shivaramiah 


Annual subscription 1995 

Institutional 

Personal 

India 

Rs 350 

Rs 100 

All other countries 

US $175 

US $50 

(AIR MAIL) 



Single copies other than special issues: Rs 35/US $15 


Editorial Office: CURRENT SCIENCE 
C. V. Raman Avenue 
P.B. 8001 

Bangalore 560 080, India 
Telephone: 91-80-3342310 
Telex 845-2178 ACAD IN 
Fax: 91-80-3346094 


Copyright © 1995, Indian Academy of Sciences 



NEW ICAR AWARDS 

The Indian Council of Agricultural Research, New Delhi announces the constitution of the 
following New Awards to be given away from 1995 onwards. 

1. Best Institution Award 

In order to recognize the best performance in Agricultural Research, Extension and 
Education, three Agricultural Awards of Rs 100,000/- each will be given to two ICAR 
' ■ institutes/NRC/Project Directorates and one State Agricultural University, partially 
out of the interest accrued from the King Boudin Award bestowed on the ICAR in 
1989. 

2. Best KVK Award 

In order to recognize the best performance of Krishi Vigyan Kendras, KVKs which 
have run for a rriinimum period of 5 years, two awards of Rs 50,000/- each will be 
given in alternate years. The performance will be judged in terms of vocational 
training, on-farm research training of the extension workers and other extension 
programmes, keeping in view the mandate of the KVKs. 

3. Best Extension Workers Award 

To create incentives for best extension workers in developing extension education 
programmes, adopting extension methodologies and creative impact of the 
programme on the farming community, especially on the downtrodden, four awards 
of Rs 10,000/- each are to be awarded once in three years. The first award will be 
given in 1996 for the preceding three years i.e. 1993-1995. 

The application forms for the above awards may be obtained from 

Dr R. C. Maheshwari, Assistant Director General (CSC), ICAR, Krishi Bhavan, New 
Delhi, on or before 26 September 1995. The applications may be forwarded by the 
Head of the Institution/Directors of Institutes/State Department of Agriculture/ 
Horticulture/Animal Science/Fisheries and Vice-Chancellors of State Agricultural 
Universities. The last date for submission of applications for these awards is 
1 November 1995. The last date for candidates in the Andaman and Nicobar Islands, 
Lakshadweep, States, Union Territories, in the North Eastern Region, Ladakh Division 
of J&K State and Sikkim is 15 November 1995. 

Note: A copy of the proforma can be obtained from him by sending a self-addressed 
one-rupee stamped envelope. 
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Tracking transition states 
through bond orders 

The most direct approach to the un¬ 
derstanding of reaction mechanisms 
is by examining potential energy 
surfaces in detail. A few stationary 
points, viz. the minima characteriz¬ 
ing the reactants, products and 
potential intermediates and saddle 
points connecting them in an ideal¬ 
ized cross-section, are specially im¬ 
portant. Within transition state 
theory, the information about these 
points is just about everything one 
may wish to know about the course 
of the reaction. Minima are directly 
accessible to experimental investi¬ 
gations. But transition states are 
elusive. Kinetic experiments can 
yield activation energies, but not any 
precise details of other properties of 
the transition state. 

Chemists are not put off by the 
difficulties associated with precise 
characterization of transition state 
structures. They invariably visualize 
reactions in terms of making, 
breaking or rearrangement of a few 
bonds. The ‘action’ is assumed to be 
localized in a small fragment even in 
a complex substrate. The simplified 
notions serve their purpose; after all, 
many reactions are used in predict¬ 
able ways to make new compounds. 
But can the ‘arrowpushing’ ap¬ 
proach be placed on a firmer foot¬ 
ing? Can theory help? 

Bond order, in spite of being only 
a computable property, is a concept 
which has found widespread accep¬ 
tance among chemists. It is intui¬ 
tively reasonable besides being 
intimately related to measurable 
quantities like bond lengths and 
bond energies. The latter are rela¬ 
tively difficult to calculate using 
quantum chemical methods for large 
molecules. On the other hand, sen¬ 
sible bond orders can be obtained 
even with fairly simple computa¬ 
tional methods. Variations in bond 
orders have been suggested to be 
useful indicators of the changes oc¬ 


curring during the course of a de¬ 
scription for many simple reactions 
in the last few years. The inflexions 
noted in the bond orders have also 
been suggested to correlate well 
with the location of transition states. 
A detailed analysis with more com¬ 
plex examples is now provided 
(Maity et al, page 343). 

The approach employed by the 
authors is not going to replace con¬ 
ventional interpretations based on 
potential energy surfaces. The work 
is not meant in that spirit either. Just 
as orbital energy changes along 
the reaction coordinate can provide 
additional insights when interpreted 
with care, the methodology pro¬ 
posed based on bond orders re¬ 
presents another framework for un¬ 
derstanding reactions. The language 
would also be familiar to nontheo¬ 
reticians. 


Animal welfare 

Shivi, a king in the Mahabharatha, 
once gave protection to a dove 
which was being pursued by a hawk. 
The hawk demanded that the dove 
be handed over, but Shivi refused to 
do so, saying that he was obliged to 
protect it. The hawk then protested 
that this would mean starvation for 
him, and that Shivi himself would 
be responsible for the death of yet 
another living being in his attempt to 
save one life. In response, Shivi 
drew out his sword and proceeded to 
cut off his own flesh to offer it to the 
hawk and at the same time save the 
dove. The conflict portrayed here 
between the kind act of the king to 
save the dove and the cruelty that it 
would otherwise inflict on the hawk 
is almost eternal and haunts us in 
our ways of dealing with animals. 
The lesson conveyed, however, is 
simple and effective: if we do have 
the will, a little sacrifice on our part 
can achieve a lot for the welfare of 
animals. 


King Shivis we may not be, but we 
could at least occasionally spare a 
thought for our fellow animals, ex¬ 
ploited mercilessly ever since the 
dawn of our ‘civilization’ so that we 
may live a little longer, a little bet¬ 
ter. This is the theme of the special 
section on animal welfare in this 
issue of Current Science, a series of 
articles which attempt to present 
various aspects of our use of non¬ 
human animals. 

The way we treat animals might 
largely rest on the contemporary 
philosophical strength of our civili¬ 
zation and on the extent of our reali¬ 
zation that we, the humans, have a 
duty to think and worry about the 
welfare of animals just as we do 
about ourselves. Anindya Sinha 
(page 296) writes about these duties 
of the human race and reviews some 
of the old and new ideas that have 
guided our ethics of animal exploi¬ 
tation. This is followed by an appeal 
(page 301) by the noted primatolo- 
gist Jane Goodall to initiate a dia¬ 
logue on how noninvasively and 
painlessly animals can be used, if at 
all they, must be, in the course of 
experimentation and education. She 
also identifies the responsibilities of 
the institutions of higher learning 
and the role they can play in mini¬ 
mizing the ill treatment that animals 
are often subjected to. 

The tender relationship the farm¬ 
ers have with their herds of cattle, 
goat and sheep in Indian villages 
probably forms an exemplary way to 
incorporate the lesson from Shivi’s 
legend. These farmers often take 
care of their domestic animals with 
extreme kindness, the kind that they 
show only to their own children, but 
at the same time they also subject 
them to hard work for their liveli¬ 
hood. It is not unusual to find, in our 
villages, the farmers tenderly touch¬ 
ing their animals, hand-feeding the 
cattle late at night, and grooming 
them as they are given rest amidst 
the heavy working schedule. Does 
this physical touch elicit any healthy 
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response from the cattle? Natalie 
Waran in her article (page 303) on 
human-animal interactions explores 
the evidence that these do indeed 
greatly affect the psychological dis¬ 
position of animals towards humans, 
their own survival, and possibly 
even productivity. Unfortunately, 
following the introduction of the 
western mechanized system of dairy 
management in India, the way cattle 
are treated has been changing: from 
a family companion to a mere pro¬ 
ductive unit. This dichotomy be¬ 
tween the east and the west in their 
treatment of animals is the basis of 
the article by Madhusudan Katti 
(page 305), who outlines the actual 
realities that characterize human- 
animal conflict in most situations. 

Natalie Waran, in yet another ar¬ 
ticle (page 308), discusses various 
modifications of the immediate envi¬ 
ronment of the captive animal which 
should be achieved in response to its 
physical, social and developmental 


needs. The importance of both these 
approaches for the well-being of our 
otherwise exploited livestock cannot 
be overemphasized. Finally, N. 
Winskill et al draw attention to a 
specific example of the devastation 
that our maltreatment of domesti¬ 
cated animals can wreak (page 310), 
with a paper on the behavioural ab¬ 
normalities of stabled horses. 

In today’s difficult world, it is of¬ 
ten quite easy to ignore whatever 
does not attract our direct attention. 
We may thus never give a thought to 
the hundreds of cows that produce 
our breakfast milk, nor remember 
the thousands of monkeys that have 
been sacrificed to produce one ef¬ 
fective drug. At the other end of the 
spectrum, it may be impossible to 
change the ways in which the ma¬ 
jority of our self-driven humanity 
thinks. There are, however, small 
steps that we can take so that the 
animals that we use can live life 
somewhat better, possibly a little 


more painlessly. As Edmund Burke 
said: V... nobody makes a greater 
mistake than he who did nothing 
because he could only do a little 


K. N. Ganeshaiah 
Anindya Sinha 


More on the NSU 

The debate on the National Science 
University was closed with the pub¬ 
lication of the final reports on the 
NSU in the 25 June issue of Current 
Science, However, we have received 
more correspondence, some of 
which appears in this issue. Future 
letters on this subject will be pub¬ 
lished only if new points that have 
not been stressed so far are made by 
correspondents. 


P. B. 
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Chemical Abstracts on CD-ROM 


Chemists around the world will wel¬ 
come the CD-ROM version of their 
favourite search tool, Chemical Ab¬ 
stracts (CA), described by its publishers 
as ‘the key to the chemical literature’, 
when it becomes available in 1996. 

CA on CD-ROM will provide easy ac¬ 
cess to the same information available 
in the printed version-complete biblio¬ 
graphic citations, abstracts, structure 
diagrams, keyword indexing and com¬ 
prehensive volume indexing-but with 
the added advantages of the electronic 
medium. CA currently covers about 
600,000 documents every year, includ¬ 
ing articles from over 8000 journals. 


The new product will be compatible with 
both Windows and Macintosh systems and 
a user can access information from a num¬ 
ber of access points, such as author name, 
keyword, substance name and chemical 
formula. On the price front, though, cus¬ 
tomers will have to pay an as-yet- 
undisclosed additional sum over the sub¬ 
scription price of the printed version. In 
return, a basic subscription will allow four 
simultaneous users at the same site. 

Some time ago, Chemical Abstracts 
Service (CAS) brought out the compact 
disc version of the Twelfth Collective 
Index of CA, but users around the world 
found it less than ideal. Hope 


NEWS 


fully, the search software of CA on CD 
meets the expectation of the users. 

CAS will do well to bring out CA of at 
least the past ten years on CD. Chemists 
tired of handling the heavy bound volumes 
of CA will be grateful. Indeed, CA is per¬ 
haps the last of the major science data¬ 
bases to be issued on CD-ROM format 
The citation indexes of ISI, Philadelphia, 
BIOSIS, Compendex Plus and INSPEC’s 
Physics Abstracts and related products are 
available on CD for a number of years. 


Subbiah Arunachalam, Central Electro¬ 
chemical Research Institute, Karaikudi. 


Intensive course on ^applications of remotely sensed data on 
ocean colour’* 


Primary production in the ocean lies at 
the base of the marine food chain. An 
accurate estimation of primary produc¬ 
tion has, therefore, several important 
applications: (a) it gives an indication of 
the amount of food available to sustain 
higher forms of marine life; (b) it plays 
a significant role in the thermodynamics 
of the mixed layer, which, in turn, con¬ 
trols the exchange of energy between 
the ocean and the overlying atmosphere 
and; (c) it provides a lower bound on 
the carbon dioxide flux across the 


*Sponsored by The Department of Ocean 
Development along with 7 international 
agencies (COSTED, IOC, JGOFS, ROSTAS, 
SAREC, SCOR, START and UNESCO) and 
held at the CSIR Centre for Mathematical 
Modelling and Computer Simulation (C- 
MMACS), Bangalore, during 3-7 April 
1995. 


air-sea interface. Fortunately, satellite 
imagery is providing ever more reliable 
estimates of primary production. This 
comes as a most welcome development 
since the spatial and temporal coverages 
of conventional measurements are ex¬ 
tremely sparse. 

Fifty scientists, including 22 foreign 
participants from 18 different countries, 
participated in the course. 

Shubha Satyendranath, Dalhousie Uni¬ 
versity, and Trevor Platt, Bedford Institute 
of Oceanography, both eminent research¬ 
ers in this area, were instructors for the 
course. The topics covered included a 
hierarchy of models and algorithms of 
varying complexity to estimate primary 
production (notably, nonspectral, spectral, 
available light and absorbed light models), 
determination of total water column pro¬ 
ductivity, extrapolation of local 


algorithms to regional and basin scales and 
the use of ocean colour as a tool in the 
modelling of mixed-layer processess and 
biogeochemistry of the ocean. There were 
also five invited talks by participants on 
instrumentation and sensors and six on the 
application of ocean colour data. 

The organization of the course was 
particularly timely, as the imminent 
launch of the SeaWIFS and other ocean 
colour satellites would soon provide 
considerable amount of data, which, in 
turn, would call for extensive modelling 
and analysis. The comprehensive cover¬ 
age of all aspects of the analysis of 
ocean colour data and the sharp focus of 
the course was, therefore, appropriate. 


P. S. Swathi, CSIR Centre for Mathe¬ 
matical Modelling and Computer Simu¬ 
lation, Bangalore. 
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International Lithosphere Project 


An organizational meeting of the Indian 
section of the ILP task group II-4 and a 
seminar on Three-dimensional mapping 
of the lithosphere’ was held at the 
Indian Institute of Technology, Kanpur, 
on 30 March to 1 April 1995. The 
meeting and the seminar were attended 
by scientists from a number of research 
and academic institutions in India. In 
the inaugural lecture, Vinod Gaur 
(CMMACS, Bangalore) discussed the 
structure and kinematics of the Indian 
continental lithosphere, including his 
recent work on GPS-derived strain rate 
in the southern Indian peninsula. A 
panel discussion chaired by K. N. 
Khattri (Dehra Dun) was also organized 
during this meeting to articulate signifi¬ 
cant new directions in the studies of the 
lithosphere. 

The panel emphasized the. fundamen¬ 
tal importance of investigating the geo¬ 
dynamic processes at work in the Indian 
lithosphere. A better understanding of 
this basic process is essential for the 
design of illuminating scientific ap¬ 
proaches to a host of important societal 
problems, notably, quantification of 
hazards posed by earthquakes, land¬ 
slides and degrading environments of 
our resource bases such as ground water 
aquifers, hill and coastal terranes and 
biodiversity. 

These problems being necessarily 
complex call for a systematic and syner¬ 
getic application of investigative tools 
and approaches from a wide spectrum of 
earth science disciplines: geological 
structure and tectonics, geochemistry, 
geomorphology, geochronology, geo- 
thermics, and deep geophysical probes 
of geodesy, seismology and electromag¬ 
netics. In turn, it would be necessary to 
employ the most incisive statistical and 
information-theoretic approaches for the 
analysis and interpretation of a highly 
diverse yet related data sets. 

However, whilst the desirability of 
investigating the key elements of the 
entire Indian lithosphere is quite clear, 
it would be prudent to concentrate the 


first systematic integrated efforts in 
defining the structure of its northern 
boundary - the Himalayan region - and 
the style and rate of geodynamic proc¬ 
esses operating there. For, the grand 
scale of the tectonic processes in the 
Himalayas, providing a fast rate of in¬ 
formation flow, not only offer an ex¬ 
traordinary opportunity for investigating 
their nature in a relatively shorter period 
but also mark this region, with dense 
population at its southern boundary, as 
one facing the highest degree of natural 
hazard. Creation of illuminating knowl¬ 
edge bases to address this problem of 
great social concern is, therefore, 
manifestly urgent. 

The databases in various disciplines 
mentioned above are being developed 
by various National agencies: the IMD, 
GSI, NGRI, WIHG and university de¬ 
partments of geosciences. The creation 
of a modern data information system 
with exchange facilities would greatly 
facilitate integrated analysis of this data 
set and promote its wider simultaneous 
use for greater purpose by diverse 
groups of scientists in the country. Also, 
high-quality data sets generated by sev¬ 
eral international agencies, notably, 
digital wide-hand, wide-dynamic-range 
seismograms and gravity and magnetic 
data measured from satellites, could 
then be progressively added to this sys¬ 
tem to foster creative approaches to the 
study of geodynamics of the Indian 
lithosphere. The panel accordingly rec¬ 
ommended creation of a National Geo¬ 
science Information System for 
abstracting, structuring, quality testing 
and archiving the corpus of data avail¬ 
able from national and international 
agencies, and facilitating its use by In¬ 
dian scientists to address urgent prob¬ 
lems of development, and hazard 
mitigation. Such a system is conceived 
as being comprised of a number of com¬ 
ponent data centres in appropriate insti¬ 
tutions equipped with quality control 
and archiving facilities, but integrated 
with a communication link. It was fur¬ 


ther recommended that collaborative 
programmes for developing new concep¬ 
tual models be formulated, backed by 
incisive experiment design for generat¬ 
ing new data sets. These proposals may 
then be submitted to DST, UGC, 
AICTE, etc., for funding. It was also 
recommended that some centres may be 
identified and supported for intensified 
research programmes in the new devel¬ 
oping approaches using mathematical 
modelling and computer simulation. 

Some approaches suggested for an 
effective implementation of these pro¬ 
grammes are given below: 

• Design of integrated geoscientific 
investigations to define the structure 
and tectonics of critical segments of 
the Indian lithosphere, with imme¬ 
diate focus on its northern collision 
boundary, using various tomo¬ 
graphic approaches, and modelling 
of geo morph ic, magmatic and tec¬ 
tonic processes. 

• Development of adequate scientific 
expertise in the use of wide-band¬ 
wide-dynamic-range seismological 
data and their analysis using wave¬ 
form modelling techniques. 

• Development of nonlinear models of 
lithospheric processes and their 
implications to those in the crustal 
layer. 

• Systematic deformation monitoring 
in critical areas of the Indian crust 
using GPS, and delineation of areas 
of anomalous strain accumulation 
and potential seismicity as well as 
quantification of strain rates. 

• Nucleation of computer-aided Geo¬ 
science Information Systems at local 
scales in various institutions as a 
prelude to their subsequent integra¬ 
tion into a National Geoscience In¬ 
formation System. 


Ramesh P. Singh, Indian Institute of 
Technology, Kanpur. 
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CORRESPONDENCE 


Necessity of broadening science base in India 


This has reference to articles published 
in Current Science about ills of Indian 
Science', indian Science being drifted 
into obsolescence’ and totally ‘getting 
drowned in the sewage’, etc. I would 
like to point out that such articles, in 
addition to having a demoralizing effect 
on young Indian scientists, do not reveal 
the reality. For instance, I feel that my 
branch of science (organic chemistry) is 
better now in India than it was 20 years 
before and the gap between us and the 
western scientists is getting smaller in 
this area. This may also be true in sev¬ 
eral other areas. 

These lads are not insignificant when 
one considers the reality that the candi¬ 
dates admitted to S&T institutions in India 
come mainly from a small fraction of the 
900 and odd million. So, we should com¬ 


pare ourselves only with countries such 
as Finland, New Zealand, etc. 

If we wish to compete with scientists 
in USA, Japan, etc., then it is important 
to improve on the competitive level of 
scientists in India by making the S&T 
institutions accessible to candidates 
from the entire population. That is, in¬ 
stead of declining admission in S&T 
institutions, de facto, to a large section 
(> 95%) of our population, both the. 
political and science policy makers 
should come out with plans so as To tap 
talent from the entire population. This 
would certainly improve the competitive 
level of Indian scientists. The Chinese 
have amply demonstrated this in the 
recent years. 

For example, 20 years back, Indian 
students did not have problems in scor¬ 


ing >90 percentile in ORE examina¬ 
tions. Their competitors were mainly the 
Taiwanese and south Koreans. But these 
days their main competitors are main¬ 
land Chinese and our toppers from even 
prestigious institutions get poor 60-70 
percentiles! Clearly, the Chinese stu¬ 
dents who come through a massive 
competition at home are able to compete 
better than Indians in the international 
arena! 


Mariappan Periasamy 


School of Chemistry, 
University of Hyderabad, 
Central University P.O., 
Hyderabad 500 046, India. 


More on the NSU 


Apropos Ihc rejoinder of P. N. Srivas- 
lava, which appeared in Current Sci¬ 
ence, 1995. 68, 1190, may I ask the 
following straight questions to the 
author? 

1. When one wants to build an insti¬ 
tution of quality, why should one think 
of reservation, even for NRIs? Does it 
not rellect the current Indian mentality, 
reservation for weaker sections, now 
re.servation for NRIs. Why should the 
recruitment not be on merit and merit 
alone? 

2. If the Government is to contri¬ 
bute substantially for the establish¬ 
ment of National Science University 
(NSU), will it not bring pressure for 
reservation in admissions, and even in 
staff recruitment, for weaker sections of 
society? 

3. What is the guarantee that NRIs re¬ 
cruited would be meritorious? People who 
want reservation would also manipulate 
and make believe that they are good. 

4. What is the guarantee that 
NRIs would continue supporting NSU 
Imancially? People who want advan¬ 
tages in the beginning itself would 
desert the NSU once they find that 
they are not deriving any benefit from 
it. 


5. Why should the NRIs not help fi¬ 
nancially the development of science in 
India, without any strings attached? 

6. Why should the NRIs not think of 
improvements in IISc and in Ills by 
persuading the Government to change 
their constitution and pouring money 
in them to equip them well with staff 
and equipment? Many of the NRIs are 
products of these institutions and they 
will only be paying their debt to their 
Alma Mater. The NRIs, of course, 
would not be satisfied, for they would 
not have a dominant hold on the insti¬ 
tution. 

7. What is the guarantee that the 
NSU-trained graduates and postgradu¬ 
ates wilL have the missionary zeal to 
work, on relatively ill-paid salary, in 
colleges and universities which would 
continue to be ill-equipped as compared 
to the NSU. 

8. Will not the NSU-trained gradu¬ 
ates and postgraduates seek greener 
pasture in USA and other advanced 
countries? 

9. Is the present concern of the NRIs 
for science in India because (to quote 
from Mahajan and Sudarshan (see 
Current Science, 1995, 68, p. 1260 
(1295)) 


(i) he does not feel a full citizen of 
the institution in America which con¬ 
trols his career, 

(ii) he, having gone knocking on the 
American doors, believing in the uni¬ 
versality of science, has now realized, 
although the realization has come rather 
late in the day, that American scientific 
establishment is less than fair to many 
of its most outstanding imports. 

In my opinion the crying need of the 
hour is not setting up new institutions 
but strengthening selected existing instir 
tutions, such as IISc, some HTs, some 
universities, massively with funds, ad¬ 
ditional staff of quality and also intro¬ 
ducing some reforms in the 
administration. 

There are many Indians working 
in India who are intellectually much 
better equipped than most of the NRI 
scientists. 

N. S. Narasimhan 

Centre for Agro Chemical Research. 
SPIC Science Foundation, 

Mount View, 

.110, Mount Road, Guindy, 

Madras 600 032, India. 
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Response: 

The concerns expressed by Narasimhan 
are a clear case of misinformation or 
ignorance towards facts about which I 
had referred to in my rejoinder. There 
is, therefore, no doubt why some per¬ 
sons have referred to the whole project 
as 'naive’ because they have not read 
my articles 'The concept of the National 
Science University: A rejoinder’ and 
‘National Science University: Final 
Report’ {Current Science, 1995, 68, 
1190-1198) carefully. I respond to the 
specific questions pointwise. 

1,3. I wonder from where the author 
has got the idea that there will be reser¬ 
vations for NRIs. There will be no res¬ 
ervations for anybody, NRIs or Indians. 
The only point that has been made is 
that ‘Further, what is wrong to expect 
that about 20-25 (out of a faculty 
strength of 200-250) well-established 
Indian scientists working abroad should 
decide to return to India for good to 
give a boost to this university by work¬ 
ing here’ (p. 1190). This is no reserva¬ 
tion. ‘The selection will be done with 
the active participation of and advice 
from the International Advisory Com¬ 
mittee (p. 1194)’ only on merit and 
no other consideration. Is this reserva¬ 
tion? 

2. As already mentioned in point 
number 1, there will be no reservations 
in admissions, staff recruitments, etc. 
The point is very clear to us that we 


would rather not have the university 
than have a university with reservations. 
The financial contribution from the 
government is not sacrosanct. The ob¬ 
jectives of the university will, in no 
case, be sacrificed. 

4. The university will be established 
only when the trust will be formed and 
there is no need to have any guarantee 
from the NRIs. The responsibility of 
raising further funds will be that of the 
trust. 

5. No contribution or donation with 
strings will be accepted either from In¬ 
dians or from NRIs. 

6. Why should IISc or IITs not ap¬ 
proach the NRIs for financial assis¬ 
tance? Who has put this restriction? 
Who can allege that more money has not 
been poured in IISc and IITs as com¬ 
pared to the universities? When I was in 
Bangalore during the last Indian Insti¬ 
tute of Science (Bangalore) Court 
Meeting, a number of scientists belong¬ 
ing to IISc questioned the money that 
was poured into the Jawaharlal Nehru 
Centre for Advanced Scientific Re¬ 
search, Bangalore, and stressed that if 
only a part of that money would have 
been allocated to IISc, it would have 
improved the Institute immensely. Why 
did no one raise this issue at that time? 

7,8. Why should there be any guaran¬ 
tee for this? Is it not a fact that many 
graduates of the IISc, IITs, many uni¬ 


versities such as Delhi, JNU, BHU, Hy- 
"derabad, etc., stay on in India and has 
the country not benefited from them? 
Some of them do go out for good but 
others return as well. If the argument of 
the author is carried to the other end 
then only those institutions should be 
supported whose graduates are consid¬ 
ered unfit for selection for going 
abroad. However, I have always been 
positive and do hope that Indian col¬ 
leges and universities are going to im¬ 
prove in future. 

9. This point refers to an article pub¬ 
lished in 1986 and reprinted in Current 
Science. The views expressed in this 
article have no bearing on the estab¬ 
lishment of the National Science Uni¬ 
versity. The pertinent official docu¬ 
ments in this connection prepared by the 
committees appointed by the Govern¬ 
ment of India are the Concept of the 
National Science University and the 
Structure of NSU, reference to which 
has been made in Current Science, 
1995, 68, 1192. 


P. N. Srivastava 


Nuclear Science Centre, 
P.O. Box 10501, 

JNU Campus, 

New Delhi 110 067, India. 
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Comments on ‘What kind of a system is a human being? 
A cybernetic system?’ [ Curr. Sci., 1994, 67, 936-940] 


Narasimhan’s account of the history of 
research in human cognition and his 
prognosis as to its future are well taken. 
Of concern, however, is his use of the 
term ‘cybernetic system’ without defi¬ 
nition. Neither Wiener nor, as far as 
we know, Ashby, ever used this expres¬ 
sion. The word ‘system’ was used 
by Wiener only in familiar contexts 
such as the solar system or the nervous 
system, and he never thought of him¬ 
self as a ‘system theorist’. Indeed, the 
technical uses of the term ‘system’ 


in the literature make it equivocal, 
and there have been complaints about 
‘fuzzy thinking’ in this field, e.g. 
from Kalman et aL\ It is, therefore, 
essential that the term ‘cybernetic sys¬ 
tem’ be clearly demarcated before the 
question ‘Is a human being a cybernetic 
system?’ is asked. Such a demarcation 
will, of course, depend on how one in¬ 
terprets the underlying concept, cyber¬ 
netics. 

Unlike the term ‘machine’, which 
Wiener defined clearly as ‘a multiple- 


input, multiple-output transducer’, he 
never clearly prescribed the range of the 
term ‘cybernetics’. Narasimhan [p. 937, 
col. 1 para 4] mentions Wiener’s use of 
it to mean ‘the entire field of communi¬ 
cation and control in the animal and the 
machine’. Since very large tracks of 
engineering and almost the whole of the 
human and biological sciences involve 
communication and control, this defini¬ 
tion is woefully general. A fuller rendi¬ 
tion of what Wiener intended appears in 
his 1950 book^: 
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‘Since the end of World War II, I 
have been working on the many ramifi¬ 
cations of the theory of messages. Be¬ 
sides the electrical engineering theory of 
the transmission of messages, there is a 
larger field which includes not only the 
study of language but the study of mes¬ 
sages as a means of controlling machin¬ 
ery and society, the development of 
computing machines and other such 
automata, certain reflections upon psy¬ 
chology and the nervous system, and a 
tentative new theory of scientific 
method. This larger theory of messages 
is a probabilistic theory, an intrinsic 
part of the movement that owes its ori¬ 
gin to Willard Gibbs. 

Until recently, there was no existing 
word for this complex of ideas, and in 
order to embrace the whole field by a 
single term, I felt constrained to invent 
one.’ [50j, p. 15] 

These words suggest that a better ap¬ 
proach is to treat cybernetics not as a 
science per se, but rather as a movement 
within science, which draws attention to 


and focuses on the stochasticity of the 
cosmos, and on the new concepts that 
stochasticity allows, such as communi¬ 
cation, information, teleological ma¬ 
chines, regulation, intelligence, etc. (cf 
Curr. Sci., 25 December 1994, pp. 919- 
920). Calling Leibniz ‘the patron saint 
of cybernetics’, Wiener felt that all sci¬ 
entific attempts to absorb mind into 
nature, such as studies of machine in¬ 
telligence (chess-playing automata), 
language, and animal and human intelli¬ 
gence, should come under the rubric 
‘cybemetical’. The central concepts are 
‘message’ and ‘machine’ (or monad or 
black box), i.e. transformer of messages; 
‘feedback’, while important, is not quite 
that central. 

From this perspective, the lines 
Narasimhan has drawn between the 
three approaches to human understand¬ 
ing, viz. the eybemetic (in a narrow 
sense), the artificial-intelligence, and 
the connectionist, appear to be too 
sharp. These approaches should be seen 
as steps in an ongoing effort, that is 
cybemetical in the broad sense. This 


effort, the ultimate aim of which must 
be the understanding of the entire hu¬ 
man being, should recognize that this 
being is ‘the most complicated object 
under the sun’, as von Neumann put it. 
Today this effort is rightly focused on 
understanding the ‘Homo sapiens-faber’ 
part of man. However, his conspicu¬ 
ously active but more difficult 
‘peccator’ part should not be entirely 
overlooked. 


1. Kalman, R. E., Falk, P. L, and Arbib, 
M. A. , Topics in Mathematical Systems 
Theory, McGraw Hill, New York, NY, 
1969. 

2. Wiener, N., The Human Use of Human 
Beings, Houghton Mifflin, Boston, MA 
1950,. Da Capo Series in Science, 
Plenum, New York, NY, 1988. 


P. R. MASANI 

Department of Mathematics and Statistics, 
University of Pittsburgh, 

Pittsburgh, PA 15260, USA. 


Comments on the review of the monograph The Scientific 
Methodology in the Light of Cybernetics {Curr, ScL, 1994, 
67,954-956] 



Narasimhan’s review contains misun¬ 
derstandings as to what the term 
‘scientific methodology’ means, and 
unfounded charges of omission and of 
exaggeration on my part. 

The scientific methodology (SM) is 
the body of principles governing the 
method of inquiry used by scientists 
both to acquire knowledge about the 
world and to apply it practically. It is 
intended to provide the practising sci¬ 
entist with enough principles to pursue 
his craft vigorously, and to offset any 
doubts he may entertain as to its wor¬ 
thiness. The SM has, first of all, to state 
what it is in the world that .makes sci¬ 
ence possible, and to describe its clas¬ 
sifications and its different aspects, such 
as experinientation, reasoning, concept 
formation, mathematicization, learning 
from the past, and the mode of discov¬ 
ery. Secondly, the SM must say how the 
notions of message, communication, 
intelligence, teleology, contest, etc.. 


which until fairly recently were left out 
of the scientific arena, are scientifically 
demarcatable. Thirdly, the SM must 
expose instances of faulty conceptuali¬ 
zation. Fourthly, the SM has to say how 
scientific knowledge is related to the 
knowledge of craftsmen, philosophers 
and religionists. Finally, the SM must 
comment on how science bears on hu¬ 
man welfare. Let us from this standpoint 
judge the blemishes that Narasimhan 
finds in his review [R] of the mono¬ 
graph [M] in question. They fall under 
14 heads, which I have labeled I, 
11, .:. ,XIV. 

1. In [R, p. 954, para 2], Narasimhan 
writes that the following have not been 
addressed in [M]: 

‘(i) What is science about? (ii) What 
is the logical structure of science? (iii) 
What are the distinguishing characteris¬ 
tics, if any, of the activities that create 
science? (iv) What is the difference, if 
any, between scientific knowledge and 


commonsense knowledge? (v) Are the 
structures of these two kinds of knowl¬ 
edge similar? (vi) Do these two kinds of 
knowledge relate to the same world? 
(vii) What is the relationship between 
the language of commonsense and the 
language of science?’ 

Of these, (vi) is nonsensical since 
there is only one kind of true knowl¬ 
edge, that of the onS world in existence. 
Of the rest, (i) is a little too vague to be 
of much significance. However, an ade¬ 
quate answer, to wit, science is about 
understanding the world around us by 
the method of combining logic, mathe¬ 
matics and observation, which came 
with the Pythagoreans, is latent in the 
following passage: 

‘The purpose of the enterprise 
throughout has been to understand the 
world around us. However, what made 
the work of Newton possible was the 
methodology of combining mathematics 
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and observation which came with the 
Pythagoreans, and the consistency with 
which the great successors of Pythago¬ 
ras have practised it.’ [M, p. 19] 

The question (ii) is, of course, most 
germane to the SM, but it is already 
addressed in [M, §3]. The logical 
structure rests on Einstein’s dictum: ‘As 
far as the laws of mathematics refer to 
reality they are not certain; and as far as 
they are certain, they do not refer to 
reality’, and can be summed up in the 
four basic principles: 

PI : All the statements of empirical 
science, including statements of natural 
laws, are uncertain hypotheses. 

PII : (a) The truths of logic and 
mathematics are devoid of factual con¬ 
tent; (b) their certainty stems solely 
from the rules of language. 

Pill : The truths of logic and mathe¬ 
matics provide the deductive vehicle 
which allows the transition from general 
hypotheses to empirically testable 
statements. 

PIV : The concepts and hypotheses 
of science are objective in that each has 
a content exceeding that of observa¬ 
tional terms or statements. But these 
concepts and hypotheses are not unique, 
and the choice of one set in preference 
to another is a human imposition. The 
imposition has been found to be incon¬ 
sequential: the resulting theories most 
often turn out to be equipollent. Finally, 
the judgement of the significance of the 
observational errors is made by human 
convention. 

Narasimhan does not say where these 
principles lall short, or what has to be 
added to complete them, that is not 
already in [Mj. 

The question (vii), again germane to 
the SM, is addressed in [M, §4]. The 
answer in brief is: the useful concepts of 
everyday language (e.g. blue, hot, an¬ 
gry) are refined and elevated into the 
scientific vocabulary by a process 
called explication (Carnap’s term). The 
question (iii) is somewhat vague. Obvi¬ 
ously, eating or sleeping are not scien¬ 
tific activities (although practised in 
moderation, they are needed to ‘create 
science’'), and, obviously, observing, 
experimenting, making, concept form¬ 
ing, deducing, and abducting are. The 


*In the 25 December 1994 issue, Narasim¬ 
han has written an interesting paper, but it is 
marred by his use of the term ‘cybernetic 
system’ without saying what it means (see 
the previous letter). 


question (iv) has the easy answer: sci¬ 
entific knowledge is a refinement of 
commonsense knowledge. As for ques¬ 
tion (v) the term ‘structure’ is not appli¬ 
cable to ‘commonsense knowledge’, 
until we know what the latter means 
exactly. Hence, as it stands, (v) like (vi) 
is meaningless. 

To sum up, Narasimhan is wrong in 
saying that the two questions (ii) and 
(vii), which are germane to the SM, are 
not addressed in [M], and is himself at 
fault for formulating two, viz. (iii) and 

(iv) , which are trivial and easily an¬ 
swered by what is in [M], and two more, 

(v) and (vi), whose meaningfulness is in 
doubt. 

II. In [R, p. 954, para 3] Narasimhan 
states that I do not discuss in a 
‘systematic manner’ the relationship 
between pre-scientific and post- 
scientific technologies. But what is 
germane to the SM is not this relation¬ 
ship but the one between craft (i.e. pre- 
scientific technology) and science, and 
on this enough is said in [M]. First, the 
role of the craftsman is emphasized in a 
paragraph with the heading The Craft as 
Starting Point, wherein is emphasized 
the input of the craft in leading to sound 
concept formation and thereby to the 
initiation of new sciences, for ‘the 
craftsman intelligently cooperates with 
nature’ [M, p. 35]. Such input continues 
to this day [M, p. 51]. Secondly, the 
craftsman is invaluable to science in 
providing good apparatus to the experi¬ 
menter. Indeed, ‘for a science to 
emerge, either Nature has to be gener¬ 
ous in providing enough clues to the 
inquirer, or else a craftshnan has to give 
him what he may need in order to ex¬ 
periment intelligently’ [M, p. 20]. 
Briefly, the SM ‘rests on man being 
both Homo sapiens and Homo faber' 
and ‘... without the craftsman, the sci¬ 
entist is lost’ [M, pp. 50, 51]. As to the 
differences between the earlier (pre- 
scientific) technologies and science- 
based technologies of the last 200 years, 
the answer obviously is that the latter 
are on the whole much superior, espe¬ 
cially in the military field. Conse¬ 
quently, societies that are unable to 
shake off the former and shift to the 
latter get dominated by those that do - a 
fact important for human history but 
not directly for the SM. 

III. In [R, p. 954, col. 1, para 4] 
Narasimhan writes that the issues dis¬ 
cussed in [M] (summed up in para 2 of 
this letter) have only ‘a tangential 
bearing on ... the SM’, and in [R, p. 


954, col. 2, para 2] he suggests that I 
have tried ‘to project him [Wiener] as a 
man for all time’. But until Narasimhan 
can substantiate these charges by 
citation of page and para from [M], 
neither claim nor suggestion can be 
taken seriously. His remaining com¬ 
ments in these paragraphs as to who 
influenced me and what I did for 
40 years are irrelevant to the SM. 

IV. In [R, p. 954, col. 2, para 3] 
Narasimhan speaks of my problematic 
‘attitude to cybernetics as a framework 
for analysing purposeful behaviour in 
animals and humans’ but without saying 
what this attitude is. In [M] the noun 
‘cybernetics’ hardly ever appears after 
the Preface, although the adjective 
‘cybernetical’ does. In the Preface [M, 
p. 8] the ‘cybernetical perspective’ is 
described as one in which the concepts 
of message, communication and control 
are paramount. True, that on [M, p. 82], 
I give the Bigelow-Rosenblueth-Wiener 
definition of a teleological mechanism. 
But on the same page 1 also point 
out that there is an ‘important difference 
between engineered teleological mecha¬ 
nisms and living systems’. Thus, this 
‘attitude’ is some ghost of Narasimhan’s 
own making, which needs exorcising*. 

V. In the same paragraph Narasimhan 
goes on to say that I overstretch the 
‘scope of cybernetics’ and ‘trivialize its 
technical terminology’ by stating that in 
social undertakings ‘moral evil should 
be construed as teleological noise’. But 
what is incorrect about this statement? 
The following illustration taken from a 
recent lecture makes its truth crystal- 
clear: 

‘Consider a department store as an 
input-output transducer, the output 
terminals of which are sales desks op¬ 
erated by well-paid clerks. The clerk 
weighs a pound of candy for a customer, 
but pilfers a few pieces while packaging 
under the counter. Obviously, such pil¬ 
fering has a dissipative effect on the 
successful operations of the store, and 
thus plays a role analogous to that 
played by natural noise in, say, an elec¬ 
tronic transducer. Unlike natural noise, 
however, this new ‘noise’ of human 
origin, is teleological. It is created in 
order to fulfil a purpose, viz. to pilfer, 
and this desire to pilfer is a simple ex¬ 
ample of the moral evil. The filtration of 
this noise,' unlike that of natural noise, 
will involve a contest between the sales 
clerks and the store owner and hi.s de¬ 
tectives. We are led to the following: 
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Triviality: (a) In social undertakings 
the dissipation or noise caused by moral 
evil is teleological; (b) the filtration of 
natural noise is contest-free; the filtra¬ 
tion of teleological noise requires con¬ 
test.’ 

These issues are clearly latent in 
Wiener’s writings on noise and evil. 

VI. In the same paragraph, Narasim- 
han writes that I make ‘exaggerated 
claims’ in calling the study of the 
genetic code, molecular biology and 
genetic engineering ‘cybernetical terri¬ 
tory par excellence’ [M, p. 83]. But 
again he is wrong, for these subjects are 
heavily involved with communication 
(information), control, and (other Wie¬ 
ner favourites such as) teleology, Max¬ 
well’s demons, self-organizing and 
reproducing mechanisms, as a glance at 
the Contents of Monod’s Chance and 
Necessity (1970), Chapters I, III, IV, 
shows: 

I Of strange objects: The natural 
and the artificial ... Difficulties of a 
space programme ... Objects endowed 
with a purpose ... Self-constructing 
machines ... Self-reproducing machines 
... Strange properties: invariance and 
teleonomy ... The ‘paradox’ of invari¬ 
ance - Teleonomy and the principle of 
objectivity. 

II Maxwell’s demons: Proteins as 
molecular agents of structural and func¬ 
tional teleonomy ... The enzyme proteins 
as specific catalysts ... Covalent and non- 
covalent bonds ... The concept of the 
noncovalent stereo-specific complex ... 
Maxwell’s demon. 

IV Microscopic cybernetics: Func¬ 
tional coherence of cellular machinery 
... Regulatory proteins and the logic of 
regulations ... Mechanism of allosteric 
interactions ... Regulation of the syn¬ 
thesis of enzymes ... The concept of 
gratuity... ‘Holism’vs. ‘reductionism’. 

VII. In [R, p. 954, col. 2, last para] 
Narasimhan questions my assertion that 
with regard to classification ‘the scien¬ 
tific tradition is close to Aristotle’. But 
indeed it is, for Aristotle allowed ‘the 


*In the author’s earlier paper ‘The illusion 
that man constructs reality’ {Kybernetes, 
1992, 21(4), 11-24), the obvious contribu¬ 
tions of Piaget to child psychology are 
lauded, and the dubiety of their relevance to 
the SM laid bare. Without the sun and the 
earth there would be no babies; thus, cosmic 
order first, babies second. Babies do not 
‘construct’ the world; they slowly discover 
its order. 


natural contours within the cosmos, as 
perceived by the mind ... to demarcate 
the sciences’ [M, p. 95]. Obviously, 
since the contours perceived by a 
scientific mind today will be different 
from those perceived by even the great¬ 
est mind in 400 BC, the demarcations 
must change. Furthermore, a perusal of 
Joachim’s Introduction to the Nichom- 
ache an Ethics will show that Aristotle 
saw the need for interdisciplinary work, 
Hence, this issue is spurious. 

VIII. The statement ‘science is based 
on faith’, which heads [R, p. 954, col. 
3] is a corollary of two more basic 
principles of the SM: 

1. Science rests on the assumptions 
that the world is orderly and that the 
human mind can comprehend this order. 

2. These assumptions are based on 

extralogical faith; cf [M, §1] . 

The faith in (2) is none other than the 
primal faith on which all life depends 
(cf [M, pp. 13-14, p. 16, last para]) 
and the religionist’s faith in God 
^presupposes an orderly and discourse 
able world and so depends on a primal 
faith that such is the world we live in" 
[M, p. 17]. Thus, Narasimhan is wrong 
in saying that I claim that the primal 
faith is ‘of the same kind as the relig¬ 
ious faith of medieval schoolmen’ [R, p. 
954, last para]. The truth [M, p. 17] is 
that the primal faith is more basic than 
the ‘religious faith’ of medieval 
schoolmen, Vedantists and many others, 
including scientists; cf [Curr. Sci., 25 
December 1994, pp. 917-919]. 

IX. V/iener has written: ‘Without 
faith that nature is subject to law there 
can be no science. No amount of dem¬ 
onstration \\^l prove that nature is sub¬ 
ject to law’. But since Narasimhan does 
not tell us the flaw in Wiener’s full ar¬ 
gument and that of A. N. Whitehead [M, 
pp. 13, 14], his skepticism as to whether 
‘the extralogical faith of a scientist is a 
faith’ [R, p. 954, last para] remains to 
be justified Notwithstanding his skep¬ 
ticism of this faith, Narasimhan attaches 
great importance to ‘the origin of it’ [R, 
p. 954, col. 1, para 2]. But once the 
orderliness of the world is accepted by 
faith, its origination, while important to 
the child psychologist, is of zero import 
to the SM, for life itself, and ipso facto 
a discussion in child psychology or in 
any other field, would be impossible 
without such orderliness. In short, one 
can investigate the origin of the primal 
faith only by practising, it. Hence, 


Narasimhan’s three paragraphs about 
Piaget are irrelevant to the SM*. 

X. Regarding the notion of ‘scientific 
revolutions’ and of ‘paradigm shift’ (cf 
[M, pp. 20-21]) Narasimhan misleads 
by saying ‘Masani argues’ [R, p. 954, 
col. 3, middle para] instead of saying 
‘Masani quotes Heisenberg, Einstein 
and Schrddinger to show that’. It was 
Heisenberg who said that the ‘revolution’ 
{ca. 1600) was ‘a transition from the 
descriptive science of Aristotle to the 
structural science of Plato" [M, p. 23], 
and Einstein who said that the relativity 
‘revolution’ {ca. 1915) was 'no revolu¬ 
tionary act but the natural continuation 
of a line that can be traced through 
centuries"', and on the quantum 
‘revolution’ {ca. 1925) it was 
Schrddinger who described the wave 
mechanics as 'a thorough organic ex¬ 
pansion and development, one might 
almost say merely a restatement of the 
old [Hamilton, Jacobi] theory in more 
subtle terms" [M, p. 22]. An examina¬ 
tion of how these great scientists do 
their research would show that they 
strive to complete and beautify the ear¬ 
lier mathematical equations in the light 
of the new experimental data, and that 
paradigms play no role whatever in their 
creative work. It is this that is relevant 
to the SM. 

XI. Narasimhan [R, p. 955, col. 2, 
paras 1, 2, 4, 5] addresses the funda¬ 
mental question of abduction, i.e. the 
process by which the mind is able to 
avoid the huge number of hypotheses 
that merely fit the known facts, and to 
hit upon concepts and propositions# 
which yield new knowledge, i.e. laws of 
nature. All except paragraph 5 tell the 
true story. Paragraph 5, however, con¬ 
tains the incorrect statement that ‘the 
theoretical underpinnings’ (more accu¬ 
rately, scientific explications) of ‘terms 
like instinct, insight, abductive skill are 
glossed over’ in [M]. The need for such 
explications, far from being glossed 
over, has been clearly emphasized; thus: 

‘It remains to be discovered what 
factors in the human nervous system, 
account for man’s prodigious criticality 
in relation to learning automata, and 
whether Wiener’s idea of grading auto¬ 
mata in a hierarchy of types offers a 
fruitful approach to such study. More 
generally, a scientific study of what 
Peirce called intunement should be\ on 
the cybernetical agenda." [M, p. 84] ' 

‘The far greater flexibility and criti¬ 
cality of biological organisms vis-d-vis 
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Figure 1. Frequency polygon for CH, emission rates. Each data point is an average 
of several but variable number of replicates, a, all data, b, exceptionally high values 
due to high inputs of chemical fertilizer/organic matter excluded; c, values from all pot 
experirnents excluded in addition to exceptionally high values from field experiments 
due to high inputs of fertilizer/organlc matter. 


Table 1. Calculated CH, emission from rice paddies on the basis of data in Figure 1 

Emission rate Annual emission 

___ (mg CH, m-^ (Tg CH, yr"^) 

All data 


around the world^ and averages 105 days. 
Using 1.31 X 10^^ rice cultivation area, 
a CH 4 emission period of 105 days and 
average emission rates, the total global 
emission varies from 40.58 to 49.13 Tg 
yr"‘ (Table 1 ). Because of the pronounced 
skewness in the data and high standard 
deviations associated with simple aver¬ 
ages, it would seem preferable to use geo¬ 
metric means. Based on geometric means, 
the total CH4 emission varies from 27.19 
to 30.76 Tg yr~* (Table 1). 

Inclusion of the data from artificial pot 
experiments or from field experiments with 
very high inputs of organic matter in calcu¬ 
lations of global emission may not be real¬ 
istic. A recent review indicated that the 
CH4 flux response to the application of 
fertilizer or/and organic matter ranged 
from negligible to dramatic (-75 to 
+6857% compared to control), and varied 
from year to year, among periods within a 
growing season, and fi-om treatment to 
treatment^l Additionally, if harvested 
wetland rice area of 1.236 x 10 ^^ ni^ is 
used as calculated by Neue and Roger^’, 
the global estimate reduces to 25.68- 
27.84 Tg CH 4 yr"^ We suggest that these 
values could be considered a reasonable 
estimate until all rice-growing regions and 
rice ecologies are adequately covered by 
flux measurements. These estimates de¬ 
pend much on the CH4 emission period, 
which may vary substantially in different 
geographic regions. Assuming a 30d 
emission period, as argued by Sinha^^ the 
estimate for global emission reduces to 
7.34-7.95 Tg yr“’. This estimate compares 
with 7.08Tgyr“‘ assessed by Sinha^^ on 
the basis of rice yield and 30 d CH4 emis¬ 
sion period. Thus, there is a need for sub¬ 
stantial reduction in the global estimate of 
CH4 emission from rice paddies. 


Simple average 
Geometric mean 

Exceptionally high values removed’ 
Simple average 

Geometric mean 

Values for a!! pot experiments removed^ 
Simple average 

Geometric mean 


14.89 

49.13 

(±12.95) 


9.32 

30.76 


12.29 

40.58 

(± 8.88) 


8.24 

27.19 


12.34 

40.72 

(± 8.14) 


8.97 

29.60 


Values in parentheses are standard deviations. 

'Values from experiments with heavy doses of chemical fertilizers and padd\ 
straw/horse manure were excluded. Most of these were pot experiments 

Values from all pot experiments involving chemical fertilization and organic matte 
amendment were excluded. ^ 
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Nomenclature of super heavy elements 


Scientists of different countries have made 
different claims on s>'nthesis of new 
elements. As their methods of identifica¬ 
tion were different, the criterion for dis¬ 
covery of elements^ remained under 
dispute for a long time. Hence, the litera¬ 
ture has reports on the same element with 
different names and symbols, which leads 
to confusion. Recent changes by lUPAC^ 
in the names of elements 101-109 
have evoked mixed reactions, especially 
in USA. This is because some old names 
have been reassigned different atomic 
numbers, in an effort to solve the dispute. 

Some actinide elements were named af¬ 
ter the place of discovery in accordance 
with their rare earth counterparts. For ex¬ 
ample, eka-Europium was named Ameri¬ 
cium, and eka-Terbium was named 
Berkelium. It is interesting to note that 
eka-Hafnium (104) has aptly been chris¬ 
tened after Dubna, just as Hafiiium was 
named after Copenhagen (Hafinia in 
Latin). The elements with atomic numbers 


105 and above have been named after 
eminent scientists. (105 - Joliotium (Jl); 

106 - Rutherfordium (rf); 107 - Bohrium 
(Bh); 108 - Hafnium (Hn); 109 - Meit¬ 
nerium (Mt)). The earlier name Seabor- 
gium suggested by the Berkley group for 
element 106 has not been accepted by 
lUPAC because it does not favour naming 
the elements after scientists who are alive. 
Some subtle changes have occurred with 
respect to symbols: Mv, Lw and Ha have 
now become Md, Lr and Hn, res- 
pectively^"^ 

Elements yet to be ratified are given 
temporary appellation derived from the 
following unique Greek/Latin roots^: 
0 = nil; 1 = un; 2 = bi; 3 = tri; 4 = quad; 
5 = pent; 6 = hex; 7 = sept; 8 = oct; 
9 = enn. Instead of this system, a simpler 
representation with 2 is also followed. For 
example, ( 110)02 is the dioxide of the 
element ununnilium (Unn). 

Worldwide acceptance of the recent 
lUPAC recommendations^ would end the 


confusion that prevails in the naming of 
these ‘superheavy’ elements. 
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Sing, duly dilly duckling, come and be killed, 

For you must be stuffed, and my customers filled. 

~ Old English nursery rhyme 

. violent muscular spasms, occasionally sufficient to throw 
the animal bodily across the cage occurred, and gradually 
passed into a state of general weakness ending in death,' 
Some animals "bit themselves severely, two chewing off the 
end of a finger, and one, the whole skin of the forearm, expos¬ 
ing the muscles from the elbow to the wrist.' 

-From a scientific paper investigating the effect of 
certain substances injected into the brain of monkeys; 
The Lancet, 19 September 1931. 

In today’s man-eat-man world, a consideration of the 
exploitation of animals, their rights, and our obligations 
towards them might seem trivial and fairly unnecessary. 
Its importance, however, lies in two kinds of arguments. 
The first encompasses the concept of global ecology and 
the unique position held by each species on this eco- 
sphere, the Earth. The environmental movement has 
particularly made us aware of the often irreparable dam¬ 
age that we have inflicted on other species, and made 
many of us reflect on our duty towards the other inhabi¬ 
tants that share our home. Although extremely important 
in its own right, I will not concern myself with it in this 
paper. 

The exploitation of animals 

The second group of arguments address the questions 
whether our eating of other animals, our experiments on 
them and our destruction of their habitats are ethically 
defensible. This assumes particular importance if one 
considers the qualitative and quantitative extent to 
which animals are exploited to carry the burden of our 
modern-day civilization. The use of animal pelts and 
skins in articles such as shoes, belts, wallets and watch- 
bands, and in sports goods such as footballs and boxing 
gloves, the use of animal excreta in fertilizers, the use of 
animal urine in the manufacture of perfumes and body 
lotions, and of animal fats in the manufacture of soap, 
lipstick and chewing gum are so routine and so much a 
part of our everyday life that few people are concerned 
or think about it at all. Lack of knowledge also charac¬ 
terizes our most intimate contact with animals, namely, 
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our eating of them. But the fact is that farm animals, in 
ever-increasing numbers, are being raised in incredibly 
crowded, unnatural environments according to what are 
called ‘intensive rearing methods’. Animals kept under 
such conditions lead lives characterized by extreme 
deprivation, pain and frustration. But raising livestock 
in this way is the only economically feasible route for 
the producer to meet the ever-increasing public demand 
for meat and dairy products. The point I am trying to 
make is that it is not the producers alone who are re¬ 
sponsible for forcing animals to lead the lives they do, 
we, consumers, too must take a large share of the re¬ 
sponsibility. 

Even more relevant to most of us in the scientific com¬ 
munity is the responsibility we must accept for another 



Animals are often subjected to unnecessary pain during sci¬ 
entific experimentation. This dog had one of its limbs broken 
without any anaesthetic being applied in the course of a veteri¬ 
nary study investigating bone fracture and healing. 
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major cause of animal expoitation: the use of animals in 
scientific research. Most laboratory animals are forced 
to lead lives that are alien to their natures, and more¬ 
over, their confinement is characterized by deprivation 
and pain. This problem is again magnified as increasing 
numbers of animals are being confined to laboratories 
around the world. The following statistics should drive 
this point home. In the United States of America, a study 
conducted by Rutgers University’s College of Agricul¬ 
ture and Environmental Sciences revealed that in the 
year 1971 alone, American researchers used 15-20 mil¬ 
lion frogs, 190,000 turtles, 51,000 lizards, 61,200 
snakes, 1.7 million birds, 45 million rodents, 700,000 
rabbits, 23,000 sheep, 46,300 swine, 200,000 cats, 
500,000 dogs and about 85,300 primates^ The use of 
animals as subjects in research seems as commonplace 
in the scientific community as the use of animal flesh for 
food in the world at large. 

But can such use of animals for human ‘benefit’ be 
morally "justified? Concern over the treatment accorded 
to animals is not an abstract theoretical matter. How we 
treat animals affects us as humans; the quality of animal 
life affects the quality of human life. Thus, the need to 
understand and to evaluate various philosophical posi¬ 
tions with regard to animal rights and human obligations 
becomes a matter of practical significance. 

Human obligations 

Whether man has obligations towards other animals is 
intimately connected with our belief and knowledge 
about the capacities that nonhuman animals possess. 
This stand becomes clear when humans believe that they 
have certain duties towards other human beings but not 
towards inanimate objects such as pebbles or clouds 
because they lack certain properties which human beings 
possess. Thus, in order to answer the question whether 
we have duties towards other animals, we have to first 
answer another question: What capacities must a being 
have if we are to feel any responsibility towards it? 

There are three things some or all of which have been 
recognized by various thinkers to characterize beings 
towards whom we, humans, have some duties^. These 
are: (1) rationality, or the capacity to reason; (2) auton¬ 
omy, or the capacity to make free choices; and (3) sen¬ 
tience, or the capacity to feel pleasure and pain. 

The idea that a being must be rational in order that we 
may have some duties to it actually goes back to Aris¬ 
totle, though it was very strongly advocated in the thir¬ 
teenth century by the Catholic philosopher-theologian 
St. Thomas Aquinas^. Aquinas regarded rationality or 
intellect as a capacity that makes beings more or less 
perfect. Man, who has some degree of rationality, was 
thus considered more perfect than other animals, who 
lacked this capacity. He also believed that so far as our 
world was concerned, the less perfect beings could be 
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subordinated by the more perfect ones; man thus nepd 
have no qualms about eating the lower animals for it is 
not contrary to nature, as God designed it to be. With 
regard to animal sentience, Aquinas believed that it was 
possible to treat animals cruelly since they do have the 
capacity to feel pain, that is, to cause them unnecessary 
pain. Although he did think that it was wrong to treat 
them in this way, he did not believe, for the reason 
mentioned earlier, that man had any obligation towards 
them to abstain from treating them cruelly. However, we 
do have duties towards lower animals insofar as our 
treatment of them leads us to sin against some rational 
being, either human beings or God. In fact, Aquinas did 
believe that people who treat animals cruelly are natu¬ 
rally inclined to treat rational beings in a similar way. 
We thus do have indirect duties towards other animals, 
only those borne out of charity. 

Aquinas’ views can and have been challenged by a 
number of later thinkers on three principal grounds: 

1. Is there any evidence that cruelty to animals leads 
to cruelty to human beings? For if there is no such evi¬ 
dence, then, according to Aquinas’ belief, it would not 
be wrong to treat animals cruelly; this, in itself, can be 
considered a debatable point. 

2. We could agree with Aquinas that a being must be 
rational in order for us to have duties towards it, and 
then point out, as had been done much earlier by the 
Greek moralist Plutarch'^, that some of the lower animals 
may have the capacity to reason, although not to the 
extent that man has. This is a point that has now come to 
the fore with much of our research in human cognition 
being focused on comparative studies on the nonhuman 
primates and other highly social mammalian species. 

3. A more fundamental objection disputes the very 
basis of Aquinas’ proposition and questions whether the 
property of sentience should not be considered a more 
concrete ground to determine our moral obligations 
rather than that of rationality. According to this view, 
again put forward very strongly by Plutarch, and later 
supported by the English philosopher Bentham^, it is 
enough that a being can experience pain and pleasure for 
us to have a duty towards it of not causing any unneces¬ 
sary pain. And this is a direct duty, an obligation quite 
independent of whether our treatment of animals reflects 
our treatment of other human beings. 

Does this mean that it is wrong to kill an animal as a 
source of food or to inflict pain upon it in the course of 
a scientific experiment? The answer, according to most 
thinkers, would appear to be no. Plutarch, for example, 
concedes that it would not be wrong to kill and eat an 
animal if doing so is necessary to save a human life. 
However, he does maintain, and this should strike a 
familiar chord in a number of us that it is not necessary 
to eat the flesh of animals to survive or attain sound 
health. Moreover, he believes that raising and slaughter- 
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ing of animals are dictated not so much by consideration 
of health as by that of taste. And since these are obvi¬ 
ously unnecessary pleasures for men to indulge in, he 
goes on to argue that the pain caused to animals by such 
a treatment is also unnecessary. Thus, although there 
may be special circumstances in which the consumption 
of animals is not wrong, Plutarch believes that it is 
usually so. 

Bentham, adopting yet another viewpoint, argues that 
our treatment of animals would be wrong if the animals 
suffered more pain than the amount of pleasure human 
beings received. He, in fact, incorporated the essential 
basis of moral equality in his utilitarian system of ethics 
as ‘each to count for one and none for more than one’. 
Although later thinkers have also agreed that everyone’s 
interests should be given such equal consideration, they 
have not been able to agree on how conflicting interests 
can be best equated^. Another important position in this 
regard is that held by the renowned missionary and phi¬ 
losopher Albert Schweitzer, who makes it clear that he 
is, in principle, not opposed to using animals in scien¬ 
tific research, though he speaks very forcefully against 
their use in ‘unnecessary’ research^. 

A final viewpoint which cannot be neglected in this 
discussion is that of Singer^. Even at the risk of being 
labelled an extreme radical. Singer defines most of the 
above-described ideas as products of our ‘speciesist’ 
way of thinking. A speciesist, according to him, is a per¬ 
son who ‘allows the interests of his species to override 
the greater interests of members of other species’. Spe- 
ciesism thus shares a number of features with sexism 
and racism, the most important one being a systematic 
refusal to apply the principles of justice in an equitable 
fashion. Singer raises the problem of scientific experi¬ 
mentation on animals and argues that the question of 
whether one would be prepared to let thousands of peo¬ 
ple die if they could be saved by experimenting on a 
single animal is akin to asking whether the same ex¬ 
periment could be performed on a human infant. Singer 
concludes that if the experimenter is not ready to do so, 
then his readiness to use nonhuman animals is simple 
discrimination, since adult mice, dogs and monkeys ap¬ 
pear to be more aware, more self-directing, and, as far 
as we can tell, as sensitive to pain as any human infant. 
According to Singer, there appears to be no relevant 
characteristics that human infants have but adult mam¬ 
mals do not have to the same or to a higher degree. 
Moreover, in case of a counterargument that the human 
infant, if left alone, would develop into more than a 
nonhuman, he argues that this would still give us no rea¬ 
son for selecting a nonhuman animal rather than a hu¬ 
man being with severe and irreversible brain damage as 
the subject for our experiments. It is thus Singer’s belief 
that the routine use of animals as food and their use in 
scientific experiments is an expression of unreasonable 
prejudice and, like racial bigotry, should be fought 
against with all our compassion and respect for life. 


Animal rights 

The question of whether animals have rights is inti¬ 
mately related to our understanding of human and ani¬ 
mal nature and also to the question of whether we have 
obligations towards other animals. A major school of 
thought is of the notion that whenever one being has an 
obligation towards another, the other being has a corre¬ 
sponding right against the first and vice verse?. This is 
known as the correlativity thesis. If we do have some 
duties towards other animals, it, therefore, necessarily 
follows that animals have corresponding rights that we 
must respect. 

An interesting criticism of this viewpoint argues dif¬ 
ferently. It might generally be favourably considered, 
for example, that we do have certain duties towards pre¬ 
serving our natural ecosystems, or even the great works 
of human creativity such as the frescoes of the Ajanta 
caves. Very few would, however, agree that our oceans 
and forests, as also the Ajanta paintings, have rights. 
The correlativity thesis may not thus be too widely ap¬ 
plicable. 

Counteracting the above criticism, proponents of the 
thesis postulate that it is only the cases of direct duty 
that should be considered, while the criticism clearly 
involves examples of duties that are indirect. Thus, if we 
do have a duty towards our great works of art, it is not 
something that we owe to them. It is something that we 
owe to our future generations, for the loss of the Ajanta 
frescoes would lead to a loss in their enjoyment of 
beauty. Similarly, our indirect duty towards our wood¬ 
lands and oceans only symbolizes our direct duty to¬ 
wards our descendants; the correlativity thesis is, 
therefore, upheld. Feinberg^ is a notable proponent of 
this thesis, and has strongly advocated the rights of 
animals in accordance with our direct obligations to 
them. 

But what is a right? Feinberg believes that to have a 
right is to have a claim to something or against others. 
Therefore, if an animal has a right to life, this would 
imply that it has a claim against others not to take its 
life. McCloskey^, on the other hand, defines a right as 
an entitlement. Thus, if an animal has the right to eat 
whatsoever it pleases, it is entitled to such food. The 
difference between the two is that to have an entitlement 
does not necessarily require one to have any claims 
against others, while to have a right can be a basis for 
making such claims. Which of these two analyses is cor¬ 
rect? Which one would be more appropriate for non¬ 
human animals? These are controversial points and un¬ 
fortunately, such discussions have tended to obscure the 
main question of whether animals have rights at all, 
leading the noted English humanitarian Salt^^ to com¬ 
ment, in an article as early as 1912, that ‘the controversy 
over “rights” (is) little else than an academic battle over 
words’. The situation remains much the same, even to- 
day. 
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Another problem that is often raised is that even if 
animals do have rights, they lack a language to articulate 
their claims or entitlements. This, of course, should not 
pose a major problem since it can always be argued that 
amongst human beings, very young children, the aged 
and those mentally deficient are also incapable of articu¬ 
lating their rights; yet we never do dispute their rights. 

Yet another question that is important in this regard is 
what kinds of rights are there at all. At least two kinds 
of rights can be distinguished - (1) Special rights: these 
can be acquired because of what we or someone else has 
done, and not because of what we are. An example is 
that of a beneficiary to an inheritance. (2) Natural rights: 
these are what a being has by virtue of being what it is. 
The rights to life, liberty and happiness are included 
under this category because they cannot be acquired 
because of what one does. These are, therefore, inherent 
rights. 

Salt'® has suggested that animals do have special 
rights since they are entitled to certain legal rights; a 
different view is that of the British political philosopher 
Ritchie" who has argued that works of art are also pro¬ 
tected by laws, but cannot be conceived to have legal 
rights of any kind. A more controversial issue, however, 
is that of whether animals have natural.rights. This is not 
surprising since natural rights are those which a being 
has by virtue of its nature, and the nature of nonhuman 
animals is itself very controversial. Hence, the question 
which has to be raised now concerns the nature of be¬ 
ings that can have rights and whether animals can be 
considered to be such beings. 

Possibly the most prevalent view in this debate is that 
a being must be rational if it is to be capable of having 
rights. However, as discussed earlier, a number of think¬ 
ers, Aristotle and Aquinas being prominent among them, 
are of the opinion that animals are apparently incapable 
of reasoning and, hence, have no rights against us. A 
major opponent of this argument is Feinberg^ who has 
again pointed out that children and the mentally ill may 
not demonstrate any ability to reason but that does not 
deprive them of their rights. He has used an argument 
similar to Singer’s in pointing out that even if children 
are considered to be potentially capable of reason¬ 
ing, the mentally feeble are definitely not. Hence, if 
rationality is considered to be a criterion for having 
rights, Feinberg suggests that at least some human 
beings should be excluded from this group and 
wonders whether or not this would be too heavy a price 
to pay. 

Another view is that a being must have interests if it is 
to have any rights; in other words, it must care, or be 
concerned about what happens to it. Not surprisingly, 
this has again led to a widespread debate. Some thinkers 
like Feinberg^ have argued that animals have a ‘conative 
life’ with wishes, hopes, urges and impulses, thus raising 
the possibility of ‘the good’ of an individual animal. 
Other authors such as McCloskey^ have consistently 


opposed such a view since they are of the opinion that 
animals have no demonstrable interests. 

Yet another property of a being with rights has been 
believed to be sentience, that is, the capacity to feel pain 
and pleasure, a point that has again been discussed 
above. Ritchie" makes a very strong argument against 
attributing rights to animals on this ground. He notes 
that animals can never be accorded equal rights with 
human beings since this would imply, rather absurdly, 
that no animal could be put to death without a fair trial, 
and that it would be our duty to protect weak animals 
from the attacks of the strong. If, on the other hand, they 
are considered to have rights inferior to those of man, 
this would merely be an excuse for human interests to 
override the interests of animals in determining how 
animals themselves should be treated. 

It should, of course, be made clear that even if we as¬ 
sume that animals are beings that can potentially have 
rights, we still have no answer to the question of 
whether they actually do have rights. Another dimension 
to this debate is added by thinkers who believe that ani¬ 
mals do have rights but seem to disagree on what ex¬ 
actly are the rights that animals possess. Reganfor 
example, believes that they have a natural right to life if 
it is supposed that all human beings do, while Feinberg^ 
feels that they have a right not to be treated cruelly. 

Salt'® believes that animals have a right to exercise their 

10 

cognitive and emotional capacities, and Rachels argues 
that at least some animals have the right to property and 
to liberty. This point is a particularly interesting one 
since Rachels clearly refers to moral freedom exactly in 
the same w'ay that has been proposed for human beings 
as well, and recent experiments with chimpanzees have 
shown that they have limited abilities to express empa¬ 
thy and compassion, human traits traditionally regarded 
to be morally admirable'"^. 

Where do we stand? 

The problem of animal rights has obviously raised more 
heat than shed light on what our obligations should be 
towards all nonhuman animals, particularly in the way 
we treat them for our benefit. Some of the contentious 
issues relate to what is a right, especially for an animal, 
and what kinds of natural rights can animals lay claim to 
while being entitled to other special rights. Other ques¬ 
tions, such as whether animals do have interests, or how 
self-aware or conscious they are, are more factual and 
may even be answerable one day given our new interest 
in animal cognition and our enquiry into the workings of 
the animal mind. 

The whole issue, however, in my mind, still remains 
as ambiguous and controversial as it was in the day of 
Aristotle. And the foremost reason for this seems to be 
the inevitable subjectivity with which each of us per¬ 
ceives animals and our relations with them. We still 
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On Shri Morarji Desai and the 
rhesus macaque 

'The moral status of a country is known by the way it 
treats its animals. ’ 

-Mahatma Gandhi 

The rhesus macaque (Macaca mulatta) of north India has, 
since ancient times, played an important role in the ecol¬ 
ogy, culture and traditions of India. The close interaction 
of these macaques with the people of our country forms 
perhaps the most intense relationship between human 
and nonhuman primates anywhere in the world. 

Easily maintained under laboratory conditions, how¬ 
ever, the rhesus monkey has been extensively exploited 
in biomedical research because its disease spectrum is 
apparently very similar to that of human beings. In the 
early sixties, India was exporting about 200,000 to 
300,000 monkeys every yearXo Europe and USA, and this 
had obviously considerable impact on the wild populations 
of this species. 

In 1977, the International Primate Protection League 
(IPPL) gathered documents about the apparent misuse of 
imported Indian rhesus monkeys in military experimenta¬ 
tion in the United States. India had lifted an initial ban on 
rhesus exports in the late fifties. This ban had resulted 
from the heavy mortality occurring amongst the trans¬ 
ported monkeys. There were, however, conditions placed 
on the use of monkeys when exports resumed. Each in¬ 
dividual shipment had to be accompanied by a ‘certificate 
of need’ which guaranteed ‘... (1) that the monkeys now 
being purchased will be used only for medical research or 
the production of antipoliomyelitis vaccine. . . ’ and (2) 
that. .. ‘they will receive humane treatment under our 
care’. 

The IPPL felt that the radiation experiments being per¬ 
formed on hundreds of rhesus monkeys by the US military 
at various installations flagrantly violated the US-India 
agreement: in some experiments, monkeys were trained 
by electric shock to run In large circular treadwheels, they 
were then exposed to massive lethal doses of radiation 
and placed back in the treadwheel, and their agonized 
efforts to run were observed by scientists. In one experi¬ 
ment involving 131 monkeys exposed to between 2500 
and 80,000 rads, the following responses to radiation 
were seen: 

‘Extreme forward slumping in crouching posture; whole 
body convulsions; spasticity; rolling eyeballs; stumbling 
and falling; blind, apathetic facial expression; muscular 
tremors; vomiting and retching; frequent shifts in body 
position and posture; wild purposeless twisting, twirling 
and throwing of the body; uncoordinated leaps on 
hearing a sound; crawling and frantic pushing and 
scraping of sides, back and belly on floor of cage; and 
passive draping of the head over the back while in an 
awkward, crouched, clinging posture.’ 


The IPPL initially tried to get the US authorities to stop 
these experiments. On failing to do so, they contacted the 
then Indian Prime Minister, the late Shri Morarji Desai, 
their Indian advisers and the Indian Press In order to 
mobilize popular and government opinion. 

On 3 December 1977, India’s export ban on monkeys 
was officially announced. It is to the credit of Shri Desai 
that In the face of increasingly mounting pressure 
from powerful lobbies, he stood firm. This policy was 
later continued by his successors including the late 
Smt Indira Gandhi, again inspite of considerable political 
pressure. 

In an attempt at historical revisionism, claims were 
made by US scientists (in a magazine article) that the In¬ 
dian ban had resulted from conservation concerns and 
the dwindling number of the rhesus. This claim was sub¬ 
sequently retracted when Shri Desai, who had by then re¬ 
tired, countered this in a handwritten letter to the IPPL: 

‘You are quite correct in saying that I banned the export 
of monkeys on a humanitarian basis and not because 
the number was lessening. I believe in preventing cru¬ 
elty to all living beings in any form. This is the ancient 
Indian culture .. 

Later, a survey by the Zoological Survey of India de¬ 
termined that there were only 200,000 rhesus monkeys 
left in India. The trade had taken a heavy toll. The teem¬ 
ing millions of former days had indeed disappeared. 

A life-long vegetarian and animal lover, Shri Morarji 
Desai rejected medical treatment and vaccinations 
throughout his life. The monkeys left may not know it, but 
they owe their lives and freedom to him. They are, in their 
way, his living monument. 



A rhesus macaque confined to a restraint chair with electrodes 
implanted in its brain during the course of an electrophysiological 
experiment. Photograph courtesy: The International Primate 
Protection League. 
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have not been able to come to terms with our biases and 
prejudices in the matter of human race relations, religion 
and sexuality. What hope remains for our attitude to¬ 
wards animals? 

Schweitzer^ fully grasped the enormity of this problem 
and realized that we are indeed far from a final solution. 
He thus concludes his brilliant essay entitled ‘The ethic 
of reverence for life’ with the following words, and I 
can think of no better way than to end this essay with 
them: 

‘Wherever any animal is forced into the service of man, 
the sufferings that it has to bear on that account are the 
concern of every one of us. No one ought to permit, 
insofar as he can prevent it, pain or suffering for which 
he will not take the responsibility . . . The ethic of rev¬ 
erence for life . . . inspires us to Join in a search for op¬ 
portunities to afford help of some kind or other to the 
animals, to make up for the great amount of misery 
which they endure at out hands, and thus to escape for 
the moment from the inconceivable horrors of exis¬ 
tence.’^ 


1. Reported in Science Digest, November 1973, p. 32. 

2. Regan, T. and Singer, P. (eds). Animal Rights and Human Obli¬ 
gations, Prentice-Hall, New Jersey, 1976. 


3. Aquinas, St. Thomas, Summa Contra Gentiles, (translated by the 
English Dominican Fathers), Benziger Brothers, 1928. Re¬ 
printed in Animal Rights and Human Obligations (eds Regan, T. 
and Singer, P.), Prentice-Hall, New Jersey, 1976, pp. 118-121. 

4. Plutarch, reprinted in Animal Rights and Human Obligations 
(eds. Regan, T. and Singer, P.), Prentice-Hall, New Jersey, 1976, 
pp. 111-117. 

5. Bentham, J., The Principles of Morals and Legislation, 1789. 
Reprinted in Animal Rights and Human Obligations (eds Regan, 
T. and Singer, P.), Prentice-Hall, New Jersey, 1976, pp. 129- 
130. 

6. Schweitzer, A., in Civilization and Ethics {The Philosophy of 
Civilization, Part II), Macmillan, New York, 1950, pp. 130-138. 

7. Singer, P., in Animal Rights and Human Obligations (eds 
Regan, T. and Singer, P.), Prentice-Hall, New Jersey, 1976, pp. 
148-162. 

8. Feinberg, J., in Philosophy and Environmental Crisis (ed. 
Blackstone, W.), University of Georgia Press, Georgia, 1974, 
pp. 190-196. 

9. McCloskey, H. J., Phil Quart., 1965, 15, 115-127. 

10. Salt, H. S., Animals' Rights, The Humanitarian League, London, 
1912. 

11. Ritchie, D. G., Natural Rights, Allen and Unwin, London, 1894. 

12. Regan, T., reprinted in Animal Rights and Human Obligations 
(eds Regan, T. and Singer, P.), Prentice-Hall, New Jersey, 1976, 
pp. 197-204. 

13. Rachels, J., in Animal Rights and Human Obligations (eds 
Regan, T. and Singer, P.), Prentice-Hall, New Jersey, 1976, pp. 
205-223. 

14. Cheney, D. L. and Seyfarth, R. M., How Monkeys See the 
World, University of Chicago Press, Chicago, 1990. 


In late 1994, Jane Goodall, the eminent primatologist and now a noted advocate for the noninvasive use of animals 
in research, gave a call to academicians the world over to participate in a dialogue. This was essentially aimed not 
only at raising the awareness of researchers, but more importantly, at opening up a serious discussion on the ethics 
of using laboratory animals in often painful and sometimes relatively unwarranted basic and medical research. We 
reprint below some excerpts from this call. 


— Editors 

On the use of animals in research and education 


Jane Goodall 

Green World Center, PO Box 45, Highgate Springs, Vermont 05460, USA 

The use of nonhuman animals for the purposes of hu¬ 
mans has long been taken for granted in our culture, and 
has been institutionalized by entire industries. In recent 
years, however, a new awareness of animals has been 
developing, and new attitudes and practices have come 
into being. 

Over the last two decades, the ethical and broad sci¬ 
entific implications of the use of animals in laboratory 
experiments have come to be examined more and more 
critically, and new research methods have been devel¬ 
oped. There may now be some consensus among scien¬ 
tists, as well as among the public, that the use of animals 
raises ethical questions that must be dealt with. 
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However, discussion of the use of animals in general 
and as experimental subjects in particular has been po¬ 
larized and contentious. Research scientists and animal 
rights advocates have regarded each other with distrust, 
and constructive dialogue has been scarce. Stereotypes 
of the researcher as unfeeling, and of the animal advo¬ 
cate as fanatical, have been persistent. 

It is time for the ethical, scientific and practical issues 
raised by the use of animals in research and education to 
be aired anew, with a fresh measure of good will. 

By and large, institutions of higher learning have not 
paid enough attention to the status and treatment of ani¬ 
mals in society and in the institutions themselves. We, 
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Animals are frequently subjected to avoidable torture. This 
animal is fistulated - a process of cutting a circular hole of 
about 25 cm and covering with a removable plug so as to draw 
the contents from inside whenever needed. 

therefore, urge that educational programmes and public 
forums, such as conferences, symposia, debates, film 
showings and seminars, be organized to consider the full 
range of questions raised by animal experimentation and 
by the use of animals in academic settings. 

For example: 

♦ What are the ethics of using animals as tools for 
human purposes, and of invasive or otherwise harmful 
experimentation on animals? Do animals have a right 
to be treated as ends in themselves and not as means 
only? 

♦ What are the practical limits on the pain and suffer¬ 
ing to which nonhuman animals in laboratories can be 
subjected? What kind of protection is given by existing 
laws and institutions? How common are practices that 
involve unalleviated pain? Are such experiments ever 
justified? Is there a conflict between limits on pain and 
suffering and the advancement of science or academic 
freedom? 

♦ What animals are subjected to what experiments at 
your school? What are the experiments most harmful to 
animals? Do any involve causing pain without adminis¬ 
tering pain killers? 

♦ To what degree have animal experiments been use¬ 
ful and valuable? What role have they played in the 
history of medicine? With respect to the future: would 
human health suffer if medical research were guided by 
a new vision in which animal experiments had no place? 
Would it benefit? 


♦ There is an array of research methods, includ¬ 
ing clinical study, epidemiology, in vitro tissue culture 
research and computer modelling, that do not use 
animals. What is the adequacy and scope of these 
methods? 

♦ Animal experiments generally begin not with sick 
animals in need of healing, but with healthy animals, 
who may then be innoculated with approximations of 
human diseases, or exposed to toxic substances, or 
subjected to a variety of surgical or other proce¬ 
dures. Psychological experiments have included work 
on such themes as ‘maternal deprivation’ of pri¬ 
mates and ‘learned helplessness’, and military experi¬ 
menters subject animals to wounds and burns. What 
would be the effect on medical science if experiments 
were limited to attempts to heal already sick or injured 
animals? 

♦ Is the elimination of animal experiments a worth¬ 
while goal? What about reduction in numbers of animals 
used, replacement of animals with nonanimal methods, 
and ‘refinement’ of experimental procedures? If such 
goals are worthwhile, how should they best be achieved? 
What is being done towards these ends today, and what 
is not being done that could be? How much room for 
improvement is there? 

♦ Under what conditions are the animals at your 
school housed and cared for? Are their cages kept 
clean? Are their physical needs cared for adequately? 
Do they have veterinary care? Are their psychological 
and social needs met? How does the disruption of nor¬ 
mal family life affect them? Do they receive loving at¬ 
tention? Can they be visited by members of the 
community? If not, why not? 

♦ Millions of animals each year are killed for dissec¬ 
tion to teach students life sciences. Is dissection neces¬ 
sary as an educational tool? What options are in use at 
your school for students who conscientiously object to 
dissection? 

♦ Who are the suppliers of animals for dissection at 
your school? How many animals are killed each year for 
dissection? How much is paid for them? What are the 
conditions under which these animals are bred or cap¬ 
tured and under which they are maintained and killed? 
Are visits to the suppliers’ premises possible? 

sH jH * 

For help organizing a forum. The Green World Center 
will provide consultation, advice, and resources con¬ 
cerning 

(a) organizing forums, film showings, educational 
activities and events; 

(b) educating yourself and others about the issues re¬ 
lated to animal experimentation; 

(c) learning about animal experimentation on your 
campus. 
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Resources include speakers, literature, and an excel¬ 
lent Canadian Broadcasting Company video on animal 
research with David Suzuki. 

If you think you might like to help in any capacity, or 
if you just want to learn more about animal experimen¬ 
tation, please write to or phone: 


Walter Miale 
Green World Center 

PO Box 45, Highgate Springs, Vermont 05460, USA 
C.P. 29, Philipsburg (Qubec) JOJ INO, Canada 
Phone and fax: 514-248-7575; if busy: 514-2483868 
e-mail: FlC4@MUSICB.McGilLCA 


Human-animal interactions 


N. K. Waran 

Institute of Ecology and Resource Management, School of Agriculture, University of Edinburgh, West Mains Road, Edinburgh 
EH9 3J/G, .Scotland, UK 


There has been limited research conducted on the 
importance of the human-animal relationship. This 
paper describes the ways in which human behaviour 
or attitude might influence the welfare of tamed 
animals. 


That man is important in an animal’s environment is not 
disputed. Direct interactions between humans and ani¬ 
mals have always been a part of the animal production 
system. The way in which the animals respond to human 
contact is governed by the way in which they perceive 
humans, and this is influenced both by their early devel¬ 
opmental experience and by their natural responses or 
genetics. In general, it is believed that domestic animals 
are less fearful of humans, their flight distances are 
shorter than their wild counterparts, and they are more 
able to cope with human intervention. But animal re¬ 
sponses are at least in part governed by fear. The fear 
response of animals is thought to be one cause of a 
chronic stress situation. Simply by being in, and impos¬ 
ing themselves on, the environment of an animal, hu¬ 
mans induce fear and adverse reactions in the animals^ 
Animal responses to humans have been measured. For 
example, in battery-housed hens there was an increase in 
the resting heart rate from 140—240 beats/min up to 
280-350 beats/min when a human entered the building; 
and rose to 480 beats/min when the human approached 
the cage and encroached upon the birds’ natural flight 
zone (or personal space). 

Effect of handling animals 

Recent studies have shown that different handling pro¬ 
cedures influence the performance and behaviour of 
animals. Growth rates in pigs were shown to be ad¬ 
versely influenced by what were termed ‘aversive’ and 
‘negative’ handling. Pigs were conditioned to elicit a 
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particular response from a human every time they inter¬ 
acted. The aversive treatment involved prodding with an 
electric prod every time a pig approached a human, and 
negative treatments involved a human approaching the 
pig in an upright posture and reaching towards it. 
Growth rates were approximately 10% lower in these 
treatments than in minimal contact or positive contact 
treatments. The reduction in growth rate was attributed 
to the chronic psychological stress experienced by the 
animal as a consequence of the handling treatments. In 
order to test this, the morphology of each treatment 
groups’ adrenal glands was examined; it was found that 
the area of the adrenal cortex in pigs that experienced 
aversive treatments was almost 30% greater than those 
subjected to minimum, or positive treatments^. 

In other studies^, reproductive performance has been 
shown to be influenced by handling treatments. When 
gilts were conditioned to expect to be scratched and 
stroked by humans, or pleasantly treated, they were eas¬ 
ily mated at second oestrus, with a pregnancy rate of 
87.5% as compared to only 33% in gilts that had been 
conditioned to expect a shock from an electric prodder. 
Boars in the unpleasant treatment groups were on an 
average 31 days older before they demonstrated a fully 
coordinated mating response, and their testicles were 
10 cm^ smaller. Measures of the concentration of plasma 
cortiosteroids in the absence of humans showed higher 
concentrations in all pigs following the unpleasant 
treatment. 

Thus, it appears that different forms of handling can 
influence growth and productivity, and that it is prob¬ 
able that this is due to the animals’ fear response to hu¬ 
mans. There are several more examples of the effect 
humans have on farm animals: milk yield has been 
shown to vary between stockpeople; handling can nega¬ 
tively affect ovulation rate in ewes; regular handling 
during early development can enhance growth in broil¬ 
ers (neat-producing hens), and so on. It is obvious that 
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we need to understand more about these effects and, in 
particular, we need to know how to have a positive ef¬ 
fect on the animals under our care. 

Is there an optimum level of handling? 

It has been suggested that one way to influence an ani¬ 
mal’s perception of humans is to handle in a positive 
way early in development. This first indication of the 
positive effects of handling in early development was 
shown in Denenberg’s work on the ‘gentling’ of rats in 
1964 (ref 4). Young rats were stroked for a short time 
every day, what Denenberg termed ‘introducing extrin¬ 
sic stimulation’. He found that rats performed better in 
learning experiments and were less fearful in tests later. 
Although in most cases this early handling has been 
shown to reduce the fear of humans in rabbits, chickens, 
pigs and cows^, it is often a very small effect and tends 
to be specific to certain handling procedures. In some 
cases, the effect of handling early on has had no effect, 
or even a negative effect, making animals even more 
fearful. For example, when calves were artificially 
groomed in the first 24 h of life, they stood up faster 
than ungroomed controls but they absorbed immuno¬ 
globulins at a lower rate^. There is very little under¬ 
standing of the mechanisms underlying these apparent 
positive effects. Handling pigs at an early age can re¬ 
duce excitability, making them easier to drive^, but too 
much handling may result in an animal with such a re¬ 
duced flight zone that it no longer moves away from a 
human, thus making it impossible to handle. A good 
example of this is orphan lambs reared by humans - 
apart from the health problems they may experience, 
these animals are often difficult to manoeuvre as part of 
a flock. 

It would thus appear that there is an optimum level of 
handling during early development that leads to a re¬ 
duction in fear responses toward humans, but leaves the 
human the dominant figure in the animal’s environment. 

Are there sensitive periods of response to han¬ 
dling? ■ 

It has been suggested that humans can take advantage of 
the sensitive periods during an animal’s development to 
condition it to certain cues. This is most obvious in 
birds that are reported to have sensitive or critical peri¬ 
ods after hatching, when the bird is particularly sensitive 
to extrinsic stimulation. The term ‘imprinting’ describes 
the attachment that birds develop to their parents or 
peers during this time. In a study of game birds, where it 
is important that birds are fearful of humans, it was 
found that exposure to humans during the first 2 days 
after hatching resulted in birds being less fearful of hu¬ 
mans, allowing them to approach much closer before 


showing the escape behaviour than birds exposed to hu¬ 
mans only after the first 2 days. It has been suggested 
that other animals are also particularly sensitive at cer¬ 
tain times in development. Hemsworth and his col¬ 
leagues suggest that a sensitive period existed in pigs 
prior to 8 weeks of age, when they could be socialized 
to humans^. Sensitive periods may occur also later on in 
life, such as during parturition, when bonding between 
dam and offspring takes place. Cows handled during 
their first calving have been shown to be easier to han¬ 
dle and display less flinch, step and kick responses dur¬ 
ing their first 2 weeks of milking, indicating that they 
were less fearful of the handling procedure. It has also 
been suggested that by encouraging the cows to develop 
a general attachment to humans during the sensitive pe¬ 
riod at parturition, the cows become less fearful later^. 

Training the animals 

Animals can also be trained or conditioned to accept 
certain restraining devices if they are positively re¬ 
warded in some way. Teaching animals to behave in an 
appropriate way depends on the animals’ ability to make 
certain associations, though animals are thought to be 
generally limited in their ability to learn. Constraints on 
learning have been seen in laboratory experiments with 
pigs which, in response to a food reward, tend to per¬ 
form their species-typical food-searching activity - 
rooting^. In addition, training depends on an animal be¬ 
ing able to remember the association. Training is often 
time-consuming and sometimes impractical where ani¬ 
mals remain in a system for only a short time; but it has 
been used with sheep and cows with promising results. 
Sheep trained to run a race and to enter a handling ma¬ 
chine for barley food rewards, have been shown^ to run 
the race quickly from year to year. Dairy cows have 
been conditioned to move from their field to the milking 
parlour in response to the sound of a bell, and an esti¬ 
mated 1 h of a stockman’s day can be saved in this 
way^®. Natural leader sheep or Judas sheep can be 
trained to lead a flock through a slaughterhouse 
It appears, therefore, that humans can have consider¬ 
able positive effects upon farm animals but can also 
have negative effects. Human behaviour is often incon¬ 
sistent and dependent upon mood, and humans are often 
perceived as a fear-provoking stimulus. It has been sug¬ 
gested that automation of animal units might be more 
predictable and, therefore, more easy to ‘adapt’ to. 
Mechanized broiler and turkey catchers are currently 
being developed and have been shown to provoke lower 
stress responses than normal procedures by humans. 
Food for thought! 

1. Metz, J. H. M., in The Role of the Stockman in Livestock Pro- 
duction and Management (ed. Seabrook, M. F.), CEC (EUR 
10982), Luxembourg, 1987. 
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Conflicts or coexistence? 

Madhusudan Katti 

Department of Biology, University of California, San Diego, USA 

The sprawling American city of Los Angeles has oblit¬ 
erated vast areas of natural habitat in southern Califor¬ 
nia, and its suburbs continue to encroach upon the 
remaining fragments of forest and coastal sage scrub, for 
condominiums and recreation. The Angelenos forest has, 
amazingly enough, survived to this day, and is one of 
the remnant fragments of wilderness near the city. Even 
this is surrounded by suburbia - and is a source of fre¬ 
quent conflicts between humans and wildlife. 

A young mother jogging alone one evening on a 
mountain trail in the suburbs got killed by a mountain 
lion: the first known mountain lion attack on humans 
this century! The local police and fish and wildlife offi¬ 
cials immediately swung into action and, in a couple of 
days, tracked down and killed a female mountain lion. 
Shortly after they confirmed - using genetic tests of hair 
samples - that it was indeed the same killer animal, a 
solitary mountain lion cub was found near where the 
Jogger was attacked. The cub was then sent to a zoo. It 
seems likely that the jogger strayed too close to the 
cub — Had she seen the animals? Did she deliberately 
approach them too close (like so many Americans 
brought up on the ideas of cuddly wild animals often 
do)l Or did she just blunder into them! - and provoked 
the mother into attacking her. 

About a month after the mountain lion attack, a big 
black bear strayed out of the Angelenos forest and wan¬ 
dered into a suburban mall. Panic ensued and the local 
police and wildlife warden were alerted. The game war¬ 
den soon shot the bear dead after unsuccessful attempts 
to tranquilize it for translocation. A few weeks later, a 
panic-stricken 911 (the emergency telephone line) call 
from another LA suburb reported another black bear 
which the caller could see outside her/his window near a 
school. When the cops and game warden rushed in, they 
found the bear perched up in a tree looking at some 
children playing in the schoolyard — so it had to be shot 
dead too! 

Reading about these incidents in the long, hot Cali¬ 
fornian summer of 1994, when a vast forested area out- 
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side LA was burnt down (by arsonists?) and huge tracts 
continued to burn all over the northwestern US, I could 
not help but wonder if we in the third world had any¬ 
thing to learn at all from this, the world’s most ad¬ 
vanced, industrialized, first-world nation, in terms of 
managing our wildlife and natural habitats. 

I myself grew up in Bombay, a city often compared to 
Los Angeles or New York, but much worse in terms of 
infrastructure or civic amenities, and on an average, of¬ 
fering a lower quality of life to its inhabitants. Unlike 
LA, Bombay also faces a shortage of land to accommo¬ 
date its burgeoning human population. Yet, bordering 
the megalopolis’ northern suburb of Borivli lies a 
100 km^ tract of tropical forest protected in the form of 
a National Park. The forest is in remarkably good shape, 
considering it is completely surrounded by over 15 mil¬ 
lion human beings. The park also has a resident popula¬ 
tion of leopards estimated at around 20-40: certainly too 
high a density of large carnivores to be supported by the 
habitat. The Indian leopard is a larger animal than the 
North American mountain lion, with a long and continu¬ 
ing history of man-eating problems that keep cropping 
up all over the country each year. Many of the Borivli 
leopards, lacking space and food inside the park, ven¬ 
ture outside the forest at dusk to pick up dogs and other 
small animals from the shanty towns bordering the park. 
Sometimes the prey include human children, and even 
adult humans have been attacked and killed. Yet, the 
leopards are tolerated and their population allowed to 
build up over the past many years. It was only recently - 
responding to a public outcry after a child’s killing- 
that the forest department trapped two individuals, 
which, unfortunately enough, bashed themselves against 
the cages and died. 

The Borivli leopards are by no means an exception to 
man-animal relations in India. There is another long¬ 
standing, recurring conflict between a large mammal and 
human beings in eastern India for which the solution 
still eludes the Forest Department. This is the case of 
the famous Dalma or Bihar-Bengal herd of elephants: 
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Animals are often entwined into the lives of rural Indians. 
Although frequently employed in earning a livelihood, they are 
also treated as members of the extended family. 

a remnant population of about 40 animals that has lost 
almost its entire home range of tropical deciduous for¬ 
ests to the axe and the plough. This herd — of a species 
renowned for its long memory - flow wanders across the 
hills and plains as if in search of its lost homeland. In¬ 
evitably, they come into conflict with peasant humanity, 
which happens to produce the only foods now available 
to the elephants. So the elephants undertake their annual 
migrations after the monsoons carving a trail of destruc¬ 
tion among the farms and villages: large areas of crops 
are laid waste - from the human point of view - and 
frequently, humans who dare to defy the giants get 
killed. Last year, its incredible march led this herd al¬ 
most into Calcutta city: the Forest Department and vil¬ 
lagers only barely managed to turn the elephants back 
from some 20 km outside the city, averting what could 
have been a disaster of spectacularly tragic proportions. 
Once again, in a now annual feat, the foresters and vil¬ 
lagers managed to beat them back to their patch of re¬ 
maining forest sanctuary - only to gain a few months of 
relief before the elephants set forth once more. As with 
the B.ombay leopards, the only action the government 
has taken so far is to pay some compensation to the vic¬ 
tims and talk of translocating the herd. Meanwhile, the 
people are already taking things into their own hands: at 
least three elephants were killed last year-victims of 
poisoning or electrified fences. 

Virtually all the remaining wild elephants in India 
face this problem of habitat loss and fragmentation to 
some extent, and conflicts with humans are common. 
One recent case was that of a big tusker which took to 
raiding crops outside the Kalakad—Mundanthurai Tiger 
Reserve in Tamil Nadu and killed two villagers before it 
was itself tragically brought down by a fatal dose of 
tranquilizers pumped into it in an attempt to capture and 
translocate it. But there was little else the beleaguered 
Forest Department could have done - if they had not 
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made the capture attempt, people may have taken things 
into their own hands with graver consequences. And so 
the casualties mount on both sides of this conflict. 

Going back to the question of whether the West can 
offer us any new ideas on dealing with the problem of 
wildlife in fragments of natural habitat embedded in a 
humanized landscape matrix: the above stories seem to 
highlight a certain contrast between the two societies’ 
approaches. On the one hand, we have a country of 950 
million people, most of whom lead a hand-to-mouth ex¬ 
istence, with hardly enough land to support them - but 
willing to share that land with its wild denizens, even at 
a substantial human cost. On the other hand is a country 
with barely a fourth of India’s population occupying a 
landmass three times as big as India, and a much higher 
standard of living for its people - yet even the smallest 
trespass by a wild animals brings instant and fatal retri¬ 
bution! The way many western countries have system¬ 
atically targeted wild animal species perceived to be 
inimical to human interests (largely economical), often 
with little real evidence - like the wolf and the coyote in 
North America and the dingo in Australia - suggests a 
basic lack of respect for Nature and its wild denizens. 
This contrast is indeed a historical one: one can cer¬ 
tainly make a strong case that Indian society has always 
been more protective of its wildlife than any western 
nation, the vast differences in population, resources and 
standards of living notwithstanding. 

Some of my American teachers, while lecturing stu¬ 
dents on the loss of biodiversity and human pressures on 
wildlife, like to show a clipping from a film on human 
population growth. The segment shows a map of the 
world with a number of red dots scattered across it: the 
animated map depicts the distribution of human popula¬ 
tion across the globe, each red dot representing a popu¬ 
lation centre of over 1 million people. As the animation 
starts from a few thousand years ago and reaches the 
present time, one sees the map filling up with red dots: 
initially quite slowly, but at an accelerating pace in the 
current century. The film makes quite a dramatic illus¬ 
tration of human population explosion and, accompanied 
with data on global extinction rates of different species, 
reinforces the popular correlation between population 
growth and loss of biodiversity. The subtext is the fact 
that the equatorial belt, or the South, with the maximum 
number of red dots is also the region with greatest 
threats to biodiversity. 

But what struck me most was another element which 
actually subverts the above popular analysis: the fact 
that the Indian subcontinent - as indeed most of Asia- 
has always supported a disproportionately larger share of 
red dots. Yet the extinction rates in this part of the 
world did not shoot up until the arrival of Europe in In¬ 
dia! Another interesting region worthy of such a fine 
analysis is South America: that continent had a fairly 
high density of red dots before Columbus discovered it, 
but many of these blinked out following the arrival of 
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Europeans. And again, there is little evidence suggesting 
extinctions caused by native Aniericans: the overall 
positive correlation between human population growth 
and extinction rates appears here too only in the post- 
Columbus era! This pattern has already been pointed out 
in some critiques of the biological expansion of 
Europe-but it remains in the realm of the subversive, 
on the fringes of mainstream ecological discourse, and 
has not made it into many university syllabi. 

This suggests that the differences are indeed cultural, 
with the less modern pre-western societies being more 
tolerant of wildlife than the modern western ones. And 
so, one may be reassured about our own historically su¬ 
perior record - at least in this respect - and search for 
the older ways that allowed us to maintain this coexistence. 
But I suspect the Indian scenario is (typically, one may say) 
much more complex, much more ambiguous, given the 
overt and subtle interplay of cultural, social and economic 
differences inherent in our multilayered society. If the 
above examples highlight coexistence in Indian society at a 
broader level, the following stories suggest streaks of arro¬ 
gant intolerance at some specific sublevels. 

The story of the Sunderban - deprived humans pitted 
against man-eating tigers in the world’s largest man¬ 
grove swamp and tiger reserve - is all too sordidly fa¬ 
miliar, Perhaps the final solution - one way or the 
other - to this intractable conflict will come from global 
warming and its attendant rise in sea levels! And that 
gives rise to a vision of the homeless humans of Calcutta 
stranded between man-eating tigers on one side and ele¬ 
phants on the other, both rendered homeless due to dif¬ 
ferent human activities - one shudders at such an image! 
But tigers do occasionally turn to human flesh in other 
areas as well, even if not on the same scale as in Sun¬ 
derban: while the much-latTded Project Tiger has so far 
succeeded in protecting many tiger populations, it has 
failed to provide more habitat for the increasing tiger 
population, and individuals are often forced to forage 
outside the reserves. Man-eating problems are not infre¬ 
quent in some of the sub-Himalayan tiger reserves, no¬ 
tably Dudhwa, and the Forest Department has often been 
forced to kill some of these problem animals. One par¬ 
ticular instance from the late 1980s, however, is stuck in 
my mind. One tiger had, over the course of a few 
months, killed as many as 16 local villagers, but no ac¬ 
tion was taken: perhaps the villagers were trespassing to 
collect firewood or engaged in another such illegal act, 
and so were either not vocal enough in their protests, or 
otherwise invisible to the authorities. But then the tiger 
made the error of picking its 17th victim from among 
the staff of the Forest Department - and was killed soon 
after. As one of my teachers at the Wildlife Institute of 
India commented wryly, it may seem that in some parts 


of India the life of one forest official equals those of 16 
poor villagers! 

Going further back, even if it was the arrival of the 
Europeans in India that triggered off major ecological 
damage, these external forces were, nonetheless, aided 
and abetted by many within our society. While the white 
hunter may have brought the guns, it was largely the 
local Maharajas, Princes and Nawabs who drove the 
cheetah to extinction and pushed the tiger and many 
other species to the brink. On the other side of the hu¬ 
man/wildlife conflict/coexistence coin are the Bishnois of 
Rajasthan: now an enduring symbol of a traditional con¬ 
servation ethic with great respect for wildlife, hundreds 
of Bishnois were massacred 300 years ago for protecting 
the trees around their villages-not by any European 
imperialist agency but by their own local king. 

Where does that leave us then? On the onk hand, we 
show higher tolerance for wildlife than the West, even 
bearing some human costs. But on the other, the West 
treats its citizens more as equals when it comes to wild¬ 
life conflicts - each victim is avenged, so to speak - 
while we seem to place our own in a hierarchy of values. 
This might lead one to say that in India wildlife has 
more value than (some) human life - a position many of 
the poorer victims already articulate. Perhaps, it is not 
too surprising to learn that in a society where some 
people have always been more equal than others, some 
animals might also be held more equal than some hu¬ 
mans! The West, though it has its human hierarchies, is 
nevertheless more explicitly homocentric when it comes 
to dealing with nonhuman nature. 

What lessons may one draw from such comparisons? 
Neither approach satisfies anyone who is interested in 
ensuring justice for both the human and nonhuman life 
forms sharing this earth. The Indian approach of toler¬ 
ance and sharing allows nonhumans to coexist with hu¬ 
mans to a greater extent - but many humans suffer. Even 
these older values and ethics respecting nature are now 
retreating under the combined assault of western con¬ 
sumerism and increasing human needs within the coun¬ 
try. The West is still in the process of evolving a new set 
of ecological ethics based on a niodem biological un¬ 
derstanding of the origin and role of life on earth. We 
may be in a position to offer a model (religion-based) 
framework for such ethics, which can be expanded 
and elaborated with the help of modem ecological 
understanding. It is perhaps time we start actively 
offering the West some of our knowledge and solutions 
to its own problems, rather than passively waiting for 
them to come and help solve ours. For neither culture 
knows the best answers and both are groping for the 
light - albeit one more confidently and assertively than 
the other. 
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Investigations of the behaviour of farmed animals kept 
in intensive conditions in Europe and America have in¬ 
dicated that their welfare is generally of concern. The 
inherent features of the modem systems for housing 
animals are confinement and restriction. Today’s hus¬ 
bandry systems appear to be problematic for animals in 
that they prevent them from behaving in the way in¬ 
tended by nature. Consider, for example, the plight of 
the pig, a highly exploratory and socially sophisticated 
animal. When the sow gives birth, it is generally in a 
crate thal^\prevents her from squashing her piglets. It 
also prevents her from building a nest, something she is 
highly motivated to do prior to parturition, and she is 
prevented from moving about, turning around and inter¬ 
acting normally with her piglets. Piglets are weaned at 
an unnaturally early age (3-5 weeks) and are moved into 
weaner accommodation that is typically cramped 
(0.2 m^/pig) and barren (no bedding, no rooting sub¬ 
strate). They remain in grower accommodation until 
thdy reach slaughter weight, when they are often mixed 
with unfamiliar pigs and transported in cramped condi¬ 
tions to the abattoir. 

Many of the animals in intensive systems exhibit ab¬ 
normal behaviours which are sometimes stereotypic^ 
Stereotypies are defined as behaviours that are per¬ 
formed with monotonous regularity and are fixed in all 
details. Some researchers believe that they are mecha¬ 
nisms enabling the animal to cope with an environment 
that does not satisfy its expectations^. Others believe 
that they are associated with levels of feeding; pigs that 
are confined and fed low-maintenance diets are more 
likely to exhibit such behaviours than those fed higher 
levels. What does seem clear is that animals do not show 
these behaviours if they are kept in husbandry systems 
that are similar to the natural environment of their spe¬ 
cies. 

In general, animal housing in the western world has 
evolved to suit the requirements of humans rather than 
of animals. The importance of the ease of cleaning and 
managing housing, and of handling, moving and observ¬ 
ing animals, has quite correctly been catered for in most 
environments; but the actual behavioural needs of ani¬ 
mals appear to have been compromised in many cases. 
Certain natural behaviours are not seen in the modem 
housing system, and more often than not animals per¬ 
form abnormal or stereotypic behaviours. Behaviours 
such as feather-pecking in battery hens, belly-nosing in 
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weaner pigs, and bar-biting tn stalled sows are thought 
to be indicative of welfare problems in these animals, 
and are probably caused for the most part by the condi¬ 
tions under which they are kept. 

Recently there has been a growing concern about the 
welfare of animals in intensive conditions,.and with this, 
a growing interest in the design of so-called ethologi- 
cally sound environments: environments that facilitate 
the species’ typical behaviour and also enable that ani¬ 
mal to be farmed effectively. There have been two broad 
approaches used in the past in designing environments 
that suit the behavioural needs of animals, or ethologi- 
cally sound environments. The most well-known ap¬ 
proach, and innovative at the time, was that used by the 
late David Wood-Gush and Alex Stolba (of Edinburgh, 
Scotland) and others in the designing of housing for 
pigs. This ‘start-from-scratch’ approach enabled the re¬ 
searchers to identify key features in the pigs’ normal 
environment that appeared to elicit or release certain 
behaviours^. These key features were then incorporated 
into a new housing system for pigs called the Edinburgh 
Family Pig Pens. The second approach is one of modify¬ 
ing an existing environment through the improvement of 
the quality of limited space, either by artificial enrich¬ 
ment devices (such as food-balls and hanging 
tyres/chains for pigs) or by incorporating certain fea¬ 
tures thought to be important to the animals (such as 
dust-baths and laying-boxes for hens)"^. 

Start-from-scratch designs 

In general, it is often suggested that domestic animals 
have been heavily selected for certain features of do¬ 
mestication (for example, docility, trainability and a 
reduced fear of novel situations) and have ‘adapted’ in 
ways that suit the modern farming systems; in the proc¬ 
ess, they have lost the ability and the need to exhibit the 
behaviours their ancestors would have shown in their 
natural environments. In order to test this theory, in 
1978, David Wood-Gush, Alex Stolba and colleagues 
released ordinary domestic large white sows and boars 
in a semi-natural environment in the Pentland Hills out¬ 
side Edinburgh^. The Edinburgh, Pig Park, as it was 
called, consisted of a 1.1 hectare site on the side of a 
hill which had forested and open areas, different types 
of grasses and shrubs, and various degrees of slopes. 
The group composition of 2-5 sows and 1-2 boars plus 
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Animal housing in the western world has evolved to suit the 
requirements of humans rather than of animals.... Certain natu¬ 
ral behaviours are not seen in the modern housing system. 


1-10 juveniles was adhered to, and the pigs were 
allowed to live and breed as normally as possible. Over 
a number of years, various studies on the behaviour of 
sows and piglets were conducted. These studies sug¬ 
gested, contrary to the opinion at the time, that pigs ex¬ 
hibited most, if not all, of the behaviours that had been 
recorded in groups of wild pigs. It was possible to iden¬ 
tify certain key features in the pigs’ environment that 
were important in the release, of certain behaviours, such 
as rooting (i.e. digging with the snout) and defecation 
sites, and nesting sites. Based on this Stolba and Wood- 
Gush^ attempted to recreate the ‘natural’ environment in 
a more restricted indoor area that could easily be man¬ 
aged. Although their aim was to develop an environment 
that allowed pigs to exhibit more natural behaviours, 
and to live in a more natural grouping, they also wanted 
to make this alternative style of housing more economi¬ 
cally viable. 

In 1980 the first Edinburgh Family Pig Pen was built 
at Easter Howgate Farm, south of Edinburgh. The Pig 
Pen housed four sows and their offspring. The sows re¬ 
mained there until all their breeding life, and were 
joined by a familiar boar 2-3 weeks after farrowing. 
Subsequent study of this system resulted in alterations in 
the original design, and a further two layouts were 
tested. Despite these alterations, there were still prob¬ 
lems with the design. The monopitch roof of the build¬ 
ing coupled with the cold Scottish weather was blamed 
for the high incidences of piglet mortality, and it was 
difficult to maintain an optimum group size of four sows 
since the addition, of new individuals to the established 
group caused problems. However, the system did appear 
at the time to be economically viable - the number of 
piglets weaned was comparable with the better intensive 
systems, food conversion and growth were also compa¬ 


rable, and production records were good. The system 
did not take off commercially but the approach high¬ 
lighted the importance of certain features for pigs, and 
showed that pigs could be kept in groups. The system is 
still being refined to this day: A research group in Aber¬ 
deen (Scotland) is working on a pen that operates on 
these lines, and a group in Switzerland (the home of the 
late Alex Stolba) is also developing the system. 

There are, however, additional problems in this ap¬ 
proach. Although the pigs were seen to exhibit certain 
behaviours in a more natural setting, no attempt was 
made to determine the importance of these behaviours 
for the animal. The need to show a behaviour, or the 
strength of the preference for an environmental feature, 
was not measured at the time, and the fact that the ani¬ 
mals exhibited certain behaviours when given the oppor¬ 
tunity to do so was taken by the researchers to indicate 
that these were important for the animals’ well-being. 
This need not be the case since some behaviours may be 
considered as ‘luxury behaviour’: the animal may show 
it if it can but is not highly motivated to perform it if it 
cannot. 

Recently, methods of assessing an animal’s need to 
exhibit a behaviour have been developed^. If these 
methods are used in conjunction with the ‘start-from- 
scratch’ approach, a clearer idea of the importance of 
each of the key features may be gained. 

Altering the existing designs 

The second approach, that of modification or enrich¬ 
ment, involves changing something in an existing envi¬ 
ronment to encourage more natural behaviour. Examples 
of this can be seen in most European/American zoos, 
where man-made termite mounds have been built into 
chimpanzee enclosures to encourage more natural forag¬ 
ing activities and tool-use^. This approach has also been 
extended to farmed animals. Pigs have been provided 
with chains to manipulate, straw to root and balls to 
‘play’ with. The addition of such objects has been 
claimed to reduce excitability, making the pigs easier to 
move and manage. It is claimed in addition that ‘toys’ 
help reduce the stressfulness of the often barren envi¬ 
ronment in which pigs live^. 

Modification of the environment can help solve the 
problems associated with some very intensive farming 
conditions. For example, in Europe and America over 
90% of laying hens are housed in ‘battery cages’^. These 
are so called because a large number of cages are placed 
in tiers within one hen-house. Layers are kept in groups 
of 3-6, with an individual space allowance of 300- 
450 cm^ per bird. The cages pose problems for the birds 
since, although they are provided with adequate food 
and water, they are not able to fly, perch, walk about, 
peck the substrate, best, or escape from each other. 
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There has been a widespread call for a ban on these 
cages but alternative forms of managing large flocks of 
birds have not yet been fully developed. The Edinburgh 
modified cage is an attempt to improve the hens’ welfare 
by enabling them to live in larger cages, fitted with 
perches, nest boxes and dust baths. Production is above 
average in these cages, and all facilities are heavily 
used. Feather, foot and claw damage is also reduced. It 
is felt that further development of such modified cages 
would lead to vast improvements in hen welfare. 

In conclusion, environmental design is a broad subject 
encompassing the physical, social as well as develop¬ 
mental needs of the animal. Designing animal environ¬ 
ments to take these needs into consideration, as well as 
the needs of the humans operating the system, is a diffi¬ 
cult task, and in order to do it effectively we must have 
an understanding of the impact the environment can 
have on the well-being of the animals. A logical se¬ 
quence of events leading to a new system would, there¬ 
fore, be: (i) define the behavioural requirements; (ii) 
determine if existing systems contravene these require¬ 


ments and, if so, determine the consequences for the 
animal; and (iii) if there is a need following (ii), then a 
new system(s) requires to be designed taking into ac¬ 
count behavioural requirements and other management 
and economic considerations. 
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The environment for most stabled horses is far removed 
from that of its wild ancestors. The horse is a social 
animal, and in natural groups in the wild it lives in har¬ 
ems, usually consisting of one stallion, a few mares and 
all their offspring up to two-years oldV They restrict 
their movements to a specific home range within which 
the major requirements are food, water and shelter. 
Home ranges of free-ranging horses vary greatly in size 
and are correlated with resource availability^. In con¬ 
trast, the stabled animal is removed from this normal 
open range and often deprived of social contact. Many 
performance horses (e.g. racehorses, show jumpers, etc.) 
in Europe and also in India are confined for up to 24 h a 
day with the exception of short periods of time reserved 
for exercise, and others are turned out to pasture for 
merely a few hours a day. 

This restricted environment often has a significant ef¬ 
fect on the normal time budget of the horse as it can no 
longer spend the majority of the day foraging and ex¬ 
pending energy looking for suitable resources^. Feeding 
with concentrated food also has consequences for the 


horse, since it eliminates the additional time that con¬ 
fined animals can occupy themselves with ingestion and 
^ manipulation of food^. Free-ranging horses spend a high 
proportion of their time grazing. A study by Boy and 
Duncan^ on free-ranging feral Camargue ponies during 
spring and summer revealed that 57.5% of their time 
was spent grazing. This proportion of time is likely to be 
greater in the winter months, when grass is scarcer. In 
the stabled environment, however, if fed on hay, horses 
will spend 40% of their day eating, which is reduced by 
one tenth if fed chiefly on concentrates'^. 

As already highlighted, the stabled horse is often de¬ 
prived of social contact, both visual and physical. The 
design of the majority of housing for horses does not 
take into consideration their behavioural needs, often 
enclosing the animal in small individual loose boxes or 
stalls, where it is deprived of social contact and exer¬ 
cise. Rees in her book The Horse’s Mind^ describes the 
confined horse as being like ‘a fish out of water’. She 
notes that many learn to accept confinement, but others 
kept in these unnatural conditions, deprived of freedom, 
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exercise and companions, become excitable and irrita¬ 
ble. it is in such conditions that behavioural problems 
may arise. 

This article discusses the incidence of behavioural 
problems of the stabled horse giving examples of those 
most commonly found and how they might be treated 
and prevented from occurring. More general factors re¬ 
lating to the occurrence of these problems are also men¬ 
tioned. 

Behavioural problems and their incidence 

Stabled horses can be seen to exhibit a variety of behav¬ 
ioural problems or ‘stereotypies’ such as crib-biting, 
weaving, wind-sucking and wood-chewing. Such behav¬ 
ioural anomalies are often wrongly referred to as ‘vices’, 
a term which implies that the blame should be attributed 
to the horse itself and not to the management procedures 
adopted or the housing imposed by humans^’^. An.ex¬ 
ample of such misuse of terminology is highlighted in 
the paper by Krzak et al? regarding wood-chewing of 
stabled horses, in which they state that: ‘The owner of a 
wood-chewing animal must absorb the costs of replacing 
damaged fences and stalls and of preventative measures 
such as covering wood surfaces with metal, wire or taste 
repellents. For these reasons, horses that exhibit this 
‘vice’ are of reduced value and may not be saleable’. 
The welfare of the animal is not mentioned; merely the 
cost and inconvenience brought upon the owner are 
highlighted. Fraser and Broom^ believe that such atti¬ 
tudes have been an important factor in the perpetuation 
of many systems which result in poor welfare, while 
Luescher et al} suggest that the term ‘vice’ should be 
reserved for nuisance behaviours related to temperament 
such as biting, kicking and rearing. 

Some behavioural problems of the stabled horse are 
more accurately referred to as stereotypies, e.g. 
‘repetitive, invariant behaviour with no obvious goal or 
function’^, and are indicative of a situation in which the 
animal lacks a certain degree of control over its envi¬ 
ronment^. Stall-walking, crib-biting, wind-sucking, 
weaving, swaying, pawing, stall-kicking, head-shaking, 
head-nodding, crib-whetting and tongue-dragging are 
behaviours that have received detailed description, and 
are examples of movement sequences which horses re¬ 
peat with very little variation in form^. Stereotypies have 
been recognized and much researched in many confined 
animal species, for example, zoo animals^®, pigs^\ 
sheep^^ and domestic fowl^^, but as emphasized by 
Rees\ such behaviours in stabled horses seldom receive 
the same attention. 

The proportion of horses exhibiting stereotypies var¬ 
ies among studies, which makes it difficult to assess the 
extent of the problem. A study by Kennedy et al re¬ 
vealed that 18.4% of the 49 horses observed at two 
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riding schools and four private livery yards showed 
clearly recognizable stereotypies. This figure was even 
thought to be an underestimate, as the staff at the stables 
described more horses as stereotypy performers than 
those identified during observation. Kiley-Worthington 
and Wood-Gush^^ stated that in some of the racehorse 
stables which they visited, all the horses were exhibiting 
stereotypies, and in another stable 26% of the horses 
were seen to perform a stereotypy within only half an 
hour of observation. A recent article* quoted that over 
15% of domesticated horses exhibit stereotypies. 

These figures, however, should all be questioned due 
to the small sample sizes involved in the studies. In an 
investigation involving 1035 thoroughbred horses aged 
3-8 years in Italy, Vecchiotti and Galanti^*’ report the 
incidence of cribbing, weaving and stall-walking as 
2.4%, 2.5% and 2.5%, respectively, of all behaviours. 
Similarly, a recent study carried out on 21 thoroughbred 
horses in the north and centre of Italy showed that 67 
out of 1180 (5.7%) horses showed a behavioural prob- 
lem^^. These lower percentages are perhaps a better rep¬ 
resentation, as a larger number of horses were analysed. 
However, until a study is undertaken comparing the in¬ 
cidence of stereotypies between differing breeds, ages 
and sexes of horses with varying types of yard (e.g. 
breeding, racing, livery or riding school), it will remain 
difficult to quote an accurate figure representing the 
extent t)f occurrence of stereotypies in the stabled horse. 
Another factor which will have an effect on studies in¬ 
volving survey questionnaires distributed to horse own¬ 
ers is a reluctance on the part of some owners to admit 
that their horse is a stereotypic performer (as this often 
decreases the value of the animal), leading to underesti¬ 
mation of the affected numbers. 

Stereotypies: examples, causes and treatments 

Quantitative evidence relating to the causal factors of 
stereotypies in stabled horses is very scarce in the sci¬ 
entific literature, the majority being purely anecdotal in 
nature. With the exception of more recent studies^^’^*, 
research in this area has involved either small sample 
sizes^^ or has consisted of a collection of individual case 
studiesThis lack of* evidence implies that the causes 
of abnormal behaviour are still unclear, and more re¬ 
search is still required. 

Wood-chewing 

Wood-chewing is a normal component of a free-ranging 
horse’s feeding behaviour, especially when preferred 
grasses are less abundant during late autumn and win- 
ter^^. Wood-chewing is, however, a common problem in 
the stabled environment, where a horse may chew 0.5 kg 
of wood a day^. Coupled with the financial burden on 
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the owner to replace fences and stable boards, wood- 
chewing can also cause damage to the animal itself, 
largely by causing excessive wearing of teeth^^ It can 
pose more serious consequences such as gastrointestinal 
disease^^ and small splinters of wood or nails may 
puncture the oesophagus or mouth^’^^ and may also lead 
to the formation of phytobezoars or enteroliths^^ 

The association of wood-chewing with pelleted feeds 
has been well documented^-. The exact cause of wood- 
chewing associated with these feeds is unknown al¬ 
though reduced cecal pH 'and relative lack of fibre or 
‘chewing time’ or both have been suggested^’^^. The 
horses’ natural diet consists of an almost continuous 
consumption of roughage, a large amount of which is 
required by the system for proper digestive fermenta¬ 
tion. Willard et al undertook an experiment to deter¬ 
mine the effect of diet on cecal pH and feeding 
behaviour of horses. For the study, three fistulated 
horses were used, and their dietary treatments were hay, 
concentrate and concentrate plus cecal infusions of 
NaiCOs. Horses fed on hay were found to spend signifi¬ 
cantly more time eating feed and significantly less time 
chewing wood, in coprophagy, in searching for feed and 
in standing than those receiving the concentrate diet. 
The amount of wood chewed per day was significantly 
greater for horses fed on concentrate diet and the 
NaaCOs infusions appeared to reduce the amount of time 
spent chewing wood by the concentrate-fed horses, but 
the difference was not significant. They state that their 
results may indicate that increased cecal acidity and a 
narrowed acetate-propionate ratio, as was noted with 
the all-concentrate diet, influences the horse’s desire to 
chew wood and practice coprohagy. 

Doubts, however, have to be raised about the signifi¬ 
cance of these results, firstly due to the small sample 
size used (three horses), and secondly as only two feed¬ 
ing regimes were used: 8 kg of mixed grass legume hay 
and 6 kg of a sweet feed mixture fed at 12 h intervals. A 
combination of hay and concentrate may have been more 
appropriate to normal feeding practices. Another factor 
is that the authors do not mention whether these quanti¬ 
ties of hay and concentrate represent the same percent¬ 
age of body weight, which will have an effect on the 
results. 

The results of this experiment contrast with those of a 
study carried out by Jackson et where horses were 
subjected to one of the three treatments. In the first, the 
animals were fed long-stemmed alfalfa hay twice a day; 
in the second they were fed alfalfa cubes twice a day, 
and in the third they were fed alfalfa cubes three times a 
day. Both the cubes and hay were fed at 2.5% of body 
weight per horse per day. It was shown that there was no 
difference in the amount of wood chewed, despite the 
fact that animals in treatment 2 spent less time eating 
than those in treatments I and 3, and the cubed alfalfa 
would have contained less roughage than the long¬ 


stemmed hay (C, Morgan, personal communication). 
The difference between the two studies could possibly 
be explained by the fact that horses in the latter experi¬ 
ment were able to socialize, whereas those in the former 
were maintained in metal stalls, where boredom could 
also be a factor predisposing the horses to chew wood. 
Furthermore, reduced cecal pH and lack of fibre or 
chewing time^^’^^ suggest that the degree of intestinal 
fill provided by the diet should also be investigated. 

Exercise of the stabled horses is also believed to re¬ 
duce wood-chewing by reducing boredom^. A study un¬ 
dertaken by Krzak et al? demonstrated that horses 
chewed more wood when they did not receive exercise 
than when they received 45 min of exercise on a me¬ 
chanical treadmill followed by a further 45 min in a 
paddock with bare soil in either the morning or the af¬ 
ternoon. The greatest amount of wood-chewing occurred 
during the late night and the early morning when dis¬ 
tractions were minimal. The authors believe that this 
provides some support for the boredom theory, and also 
suggest that hunger may have been associated with 
wood-chewing in this particular study, as its incidence 
was seen to increase several hours after the afternoon 
feed. Feed restriction has already been found to be re¬ 
lated to the performance of oral chain manipulation in 
tethered gilts^\ stereotyped pecking at nonfood objects 
in broiler breeders^"^ and abnormal behaviours, including 
chewing wood in individually penned sheep'^. Frustra¬ 
tion of feeding motivation has been suggested as an un- 
derlying cause of oral stereotypies in pigs ; however, in 
this particular study^, wood-chewing did not appear to 
be related to the time of feeding, as oral contact was not 
associated with the afternoon feeding and did not in¬ 
crease immediately before or after the morning feeding. 

Finally, weather has been associated with the amount 
of wood-chewing. In the study by Jackson et al?^, the 
incidence of wood-chewing was seen to increase, in both 
wet and cold weather. 

The most common method employed to prevent wood- 
chewing is to cover all wood surfaces with a noxious 
substance such as creosote^, carbolium or lemon- 
flavoured oHs^^. Such practices, however, only prevent 
the performance of the behaviour and fail to identify the 
underlying cause. It is obviously important that the ani¬ 
mal receives a correct diet in terms of protein and en¬ 
ergy, and should contain more than 50% roughage, or 
there will be a risk of failing to satisfy its needs for fibre 
fill and chew time^. If it is essential that the horse be 
confined, adequate exercise should be given, and at- 
tenipts made to relieve boredom; for example, by pro¬ 
viding a companion animal such as a goat^^. Providing a 
sheep as a social companion proved successful in an 
experiment looking at social facilitation in pigs, in 
which one of the treatments involved housing the ani¬ 
mals in isolation^^. The inclusion of toys has also been 
suggested^^ Since wood is a natural component of a 
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horse’s diet, the problem cannot be entirely elimi¬ 
nated^^. 

Crib-biting and wind-sucking 

Crib-biting and wind-sucking are probably the most 
easily recognizable sterotypies in the stabled horse 
Wind-sucking involves opening the mouth, contracting 
the pharyngeal muscles, flexing the neck muscles and 
swallowing air, usually making a characteristic grunting 
noise. Crib-biting (or cribbing) is characterized by the 
horse resting its upper incisors on a solid object such as 
a door or a manger. It then leans back, arches its neck 
and engulfs a bolus of air (aerophagia)^®’^^. In rare 
cases, the mouth may be placed against the knees or 
cannons^. Cribbing is usually associated with stabled 
horses; however, some will crib when turned out to 
pasture^^. Both crib-biting and wind-sucking can be 
detrimental to the health of the animal. Crib-biting can 
cause excessive wear of the incisor teeth, in some in¬ 
stances they may be worn down to the gum line^^’^^, and 
both crib-biting and wind-sucking can cause the muscu¬ 
lature of the throat to increase in size, and make the 
animal more susceptible to flatulent colic^’^^. Horses 
which practise aerophagia intensely may reduce their 
intake of feed, which will ultimately lead to a deteriora¬ 
tion of their physical condition^. 

Heredity has been thought to play a role in the fre¬ 
quency of stereotypies. A survey was undertaken by 
Vecchiotti and Galanti^^ in which 80 trainers were in¬ 
terviewed on the occurrence of anomalous behaviours, 
involving a total of 1035 thoroughbred horses. The inci¬ 
dence of crib-biting (also weaving and stall-walking) in 
related horses was found to be higher than that in the 
surveyed population. The authors suggested that this 
was due to the involvement of inheritance in each of the 
three behaviours. However, as discussed by Broom and 
Kennedy^ this could simply be due to the fact that many 
related horses, particularly thoroughbreds, are kept in 
similar housing conditions which may give rise to the 
performance* of stereotypies. 

In other species, it has been shown that stereotypies 
are associated with opioid activity, which may have the 
effect of quietening the performer^^. When naloxone is 
administered to stereotyping sows, the behaviour is 
stopped^; narcotic antagonists were also found to pre¬ 
vent crib-biting in horses^^. Baseline p-endorphin levels 
in cribbing horses were found to be half of those in non¬ 
cribbing controls. This was thought to be due to crib¬ 
bing horses having an impaired release of p-endorphin, 
which in turn increases the sensitivity of opioid recep¬ 
tors (Gillam et ai, 1994, unpublished). 

In a study investigating the effects of different diets 
on the frequency of cribbing behaviour, feeding grain or 
sweetened grain rations was seen to cause a significant 


increase in cribbing frequency (Gillam et al, 1994, un¬ 
published). This is thought to be due to the palatability 
of these particular rations, since palatable food has been 
shown to release p-endorphins and enhance stereotypic 
behaviour patterns in the horse^^. Kennedy et al}^ un¬ 
dertook a study in an attempt to discover factors relating 
to both management, and horses’ characters which may 
be linked to the development of stereotypies. Many of 
the individual animals involved who performed crib- 
biting were seen to exhibit this behaviour around the 
time of feeding. A proportion was seen to exhibit crib- 
biting post-feeding, which could possibly be related to 
the palatability of the food^^. Heifers tied up in stalls 
have also been found to spend most of their time per¬ 
forming stereotypies 2~A h after feeding^ ^ Other bouts 
of crib-biting in this study, however, were linked to the 
anticipation of food prior to feeding^"*. Pigs exposed to 
an intermittent delivery of food with a chain in front of 
them were seen to develop stereotypic chain manipula¬ 
tion in the interval between food deliveries, and dis¬ 
played a lower plasma cortisol level than in the absence 
of the chain, suggesting a stress-reducing role of chain 
manipulation when the pigs were anticipating the deliv¬ 
ery of food^^, which could possibly be an explanation 
for the increase in the frequency of crib-biting seen in 
horses prior to feeding time. 

Feeding has been associated with the performance of 
oral stereotypies in a number of other species; for ex¬ 
ample, wire-chewing in commercially housed rabbits 
and bar-biting in heifers^^ sheep^^ and pigs^^ When on 
high feed intakes, tethered gilts performed a lower inci¬ 
dence of repetitive behaviours such as bar-biting and 
chain-chewing, which increased when fed a small ra¬ 
tion^ ^ Bar-biting, crib-biting and other stereotypies are 
more frequent in the absence of straw or other manipu- 
lable material^"^, so it appears that the type and bulk of 
forage offered as well as the ability to manipulate are 
important^. 

Traditionally, the control of crib-biting and wind¬ 
sucking has been directed towards preventing the behav¬ 
iour by mechanical or surgical techniques'^. The crib¬ 
bing strap is the most commonly used mechanical 
control device. This consists of a 4 cm leather strap 
fastened around the throat, tightly enough to make 
arching of the neck uncomfortable, but not so tight as to 
interfere with respiration^’^*. In s'ome designs, there is a 
metal ‘gullet-piece’ which has a recess into which the 
windpipe fits, or a pressure plate containing one to three 
sharp spikes^’^*. These straps can be buckled so tightly 
' that they interfere with normal eating, and in one noted 
case a tightly applied strap was associated with acute 
chondritis of the lamyx^*. Another preventive measure, 
consists of a hollow cylindrical perforated bit, which 
prevents the animal from making its mouth airtight^. 

Surgery has been performed in both wind-sucking and 
crib-biting horses^’^*’^^’^^. It is, however, a very drastic 
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measure to undertake in order to prevent behaviours 
caused largely by management practices imposed by 
man. The success rate of operations is also fairly low, 
and the majority of animals responding to these methods 
of prevention are those which have not practised the 
anomaly for long periods^. 

Attempts such as surgery or the use of a cribbing strap 
when used to prevent the performance of a behaviour 
prevent only its manifestation without eliminating the 
causal factors involved. Such measures may cause addi¬ 
tional frustration for the animal, which may perform 
another stereotypic behaviour that it is not restricted 
from expressing, further compromising its welfare. As 
recommended for animals performing wood-chewing, 
the housing and management of the horse needs to be 
improved. A simple task such as feeding at random 
times throughout the day may help in reducing the ex¬ 
pression of crib-biting and wind-sucking which occur 
prior to feeding. However, in their most severe forms, 
wind-sucking and crib-biting may continue to be per¬ 
formed when turned out to pasture (personal observa¬ 
tion), emphasizing the persistence of stereotypies once 
developed^ In such circumstances where the behaviour 
continues despite recommended changes in feeding and 
other management practices, such as the provision of 
social companionship and increased exercise regimes, 
the use of narcotic antagonist drugs such as naloxone 
and naltrexone, may play a role^^, although this could be 
argued by some to be no better than surgery or physical 
restriction. 

Weaving and stall-walking 

Weaving and stall-walking have been descxlbed as lo¬ 
comotor activities which have become fixations^^. The 
main feature of weaving is that the horse swings the 
head and neck from side to side, whilst shifting its 
weight from one foreleg to the other^’^^. This is similar 
to the rocking behaviour shown by monkeys in captivity^ 
and in institutionalised humans^. Head-swaying has also 
been observed in singly caged rabbits, where its function 
has been suggested as a mechanism to relieve bore- 
dom^^. Stall-Walking describes a form of stereotypic 
pacing, in which the horse constantly walks awound the 
perimeter of the stable. It is thought to resemble weav¬ 
ing as both behaviours involve accurate precision and 
repetition^. Both activities can lead to weight loss, but 
particularly ‘stall-walking’, where vast quantities of en¬ 
ergy can be depleted^’^^. Stall-walking can also cause 
flexion of tbe spine, especially if the area available to 
the animal is particularly small^. Apart from its ^esthetic 
appearance, the performance of weaving is disliked by 
horse owners as it can cause uneven musculature devel¬ 
opment in the neck, which can have an effect upon per¬ 
formance. 


There is little information available regarding the 
causal factors of these behaviours, although frustration, 
boredom due to lack of variety in the environment and 
lack of exercise have been suggested^’^^. Lack of variety 
in the environment has been found to be a contributing 
factor in the occurrence of stereotypic pacing in captive- 
felids, as the frequency of this behaviour in captive 
leopards was found to decrease significantly after en¬ 
richment of the environment^^. In many captive carni¬ 
vore species, stereotypic pacing is thought to be caused 
by the build-up of frustration due to being unable to per¬ 
form predatory behaviour^^. Stereotypic pacing in cap¬ 
tive American black bears was seen to reduce 
.dramatically when food was hidden in manipulative ob- 
jects^^ and in captive polar bears expectation of food 
was found to influence the frequency of pacing behav¬ 
iour^^. Feeding could also be one of the contributing 
factors influencing the onset of stall-walking in the sta¬ 
bled horse, but there is no evidence to suggest this, more 
research obviously being required in this area. 

There are not many measures undertaken to prevent 
these behaviours. A metal grate is often attached to the 
stable door to prevent horses from weaving, but the most 
obvious method of preventing an animal from develop¬ 
ing these stereotypies would be to turn them out to pas¬ 
ture, as they appear to be linked to the need to exhibit 
locomotory behaviour. 

General factors relating to the occurrence of 
stereotypic behaviours 

As previously mentioned in relation to crib-biting and 
wind-sucking, inheritance is thought to play a role in the 
performance of stereotypies in horses. There is, how¬ 
ever, little evidence to accompany this hypothesis with 
the exception of the survey of thoroughbred horses in 
Italy by Vecchiotti and Galanti^^ in which they revealed 
a genetic component in the causation of crib-biting, 
weaving and stall-walking. A study^in Japan‘s came to a 
similar conclusion. This is certainly apparent in dogs, in 
which particular breeds seem to be predisposed to ab¬ 
normal behaviours (e.g. whirling in Bull Terriers)®. 
Kil'ey-Worthington"*® also notes that stereotypies seem to 
be more prevalent in thoroughbred and Arab-type 
horses, which suggests a genetic factor, although 
she suggests that this could be due to the restricted 
environments that these ‘warm-blooded’ breeds are kept 
in. 

It has been proposed by a number of authors that 
stereotypies can be learnt by imitating neighbouring 
stereotypic performing animals, particularly between 
mothers and their offspring^’®’"^^. Stereotypic behayiour 
in bank voles was more rapidly developed in those in¬ 
dividuals which were visually exposed to a demonstrator 
already performing stereotypies'^^; similarly, neighbour- 
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ing stereotyping sows were seen to influence the aijiount 
of stereotypic behaviour performed by tethered gilts"^^. 
However, in an experiment designed to determine 
whether a horse could learn the position of grain in one 
or two buckets by watching another horse. Baker and 
Crawford"^^ showed that no observational learning was 
demonstrated by the animals. The reason why neigh¬ 
bouring horses develop stereotypies is, therefore, more 
likely to be as a result of them being kept in the same 
inadequate environment rather than due to their ability 
to copy. 

Abrupt weaning has also been suggested as a possible 
factor relating to the onset of the performance of 
stereotypies, as a survey of thoroughbred breeding farms 
in Italy showed that 23.8% of horses less than two years 
old showed abnormal behaviour'^. These behaviours 
were seen to commence immediately after the post- 
weaning period, and as the animals were turned out until 
the training period, the authors believe that the abrupt 
weaning could be a stressor for the foals, which could in 
turn lead to behavioural problems. 

The management of young horses in training was the 
major factor linked to an increase in the prevalence of 
abnormal behaviour in a survey sampling the largest 
uniform population of thoroughbred horses yet to be 
studied, in relation to the performance of weaving, box¬ 
walking, wind-sucking and crib-biting^^. The same study 
found that the risk of horses performing ‘abnormal be¬ 
haviour increased when the total number of horses on 
the yard was less than 75, in box designs which mini¬ 
mized social contact between horses, when bedding 
types other than straw were used, and when the amount 
of feed was less than 8.8 kg per day. 

Conclusion 

In order to prevent the development of stereotypies in 
the stabled horse, an appreciation of the type of social 
and physical environment the horse has evolved to live 
in is obviously required"^®. This knowledge should also 
be taken into consideration in future housing design; for 
example, by providing more space and social compan¬ 
ions in the form of group housing. It wilU however, 
probably prove difficult to persuade owners to take into 
consideration their animal’s behavioural requirements as 
horses are very valuable animals and are too often 
‘wrapped in cotton wool’. This is highlighted in a survey 
of thoroughbred breeding farms in the north and centre 
of Italy, where stallions were found to perform a higher 
frequency of abnormal behaviours-<than mares The 
authors suggest that the reason for this is the different 
management of the two sexes. This is probably true, 
since stallions are worth vast sums of money and are 
nearly always kept in single stables, with no access to 
pasture for fear of theft or injury. Horse owners, there¬ 


fore, need to be educated about the psychological causes 
of stereotypies, as most are treated only because they are 
not aesthetically pleasing and may decrease the value of 
the animal. 

If horses are to be confined, then every effort must be 
made to prevent the occurrence of these abnormal be¬ 
haviours using suggestions outlined in the article; for 
example, by providing hay ad libitum^ providing a social 
companion and adequate exercise. There is also scope 
for the provision of enrichment devices such as the 
‘Edinburgh foodball’, which has already proved to be a 
successful foraging device for pigs"^. 
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Seamless chemical engineering science: The 
emerging paradigm* 


R. A, Mashelkar 

I consider it to be a matter of great honour that I have 
been asked to deliver the ninth P. V. Danckwerts Me¬ 
morial Lecture. Danckwerts’ contributions to the evolu¬ 
tion of Chemical Engineering Science (CES) are 
monumental. He set the pace and the tone and defined 
the features of CES in the early fifties through his path¬ 
breaking and incisive contributions. His work has con¬ 
tinued to inspire generations of chemical engineering 
scientists (CE scientists). I certainly happen to be one of 
them. It is, therefore, a special privilege that I have this 
opportunity to pay my own tribute to Danckwerts. Today 
I wish to speak to you on an emerging paradigm - the 
seamless chemical engineering science. 

How did Danckwerts himself view CES? I searched 
and found a statement in his presidential address deliv¬ 
ered to the Institution of Chemical Engineers almost 
three decades ago. He said: ‘I shall use the phrase 
Chemical Engineering Science to mean the aspects of 
science developed by chemical engineers for their own 
purposes in fields not covered by other branches of 
technology’^ He also went on to alert us: ‘It will be a 
great mistake to think of the content of chemical engi¬ 
neering science as permanently fixed. It is likely to alter 
greatly over the years in response to the changing re¬ 
quirements of industry and to new scientific discoveries 
and ideas for their application’. He was absolutely right. 
I wish to refer to those explosive advances in science 
which are reshaping our lives. I also wish to emphasize 
how these advances in adjacent sciences will force us to 
reconceptualize CES of tomorrow. I particularly want to 
focus on the merging boundaries between CES and the 
adjacent sciences and also on the need to build new 
bridges with our neighbours. 

We look around and see that discrete boundaries no 
longer exist between various natural sciences such as 
physics, chemistry, biology, mathematics, etc. Let us 
remember that the 1985 Nobel Prize for chemistry was 
actually awarded to two mathematicians! Take even 
subdisciplines such as inorganic chemistry, biological 
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chemistry, organic chemistry and physical chemistry. 
The conceptual boundaries between these disciplines 
have already vanished. The Nobel Prize winning work 
of Lehn^ was a testimony to this realization. 

Is only science going borderless? Of course not. The 
borderless world has already dawned on us. Borderless 
organizations are here to stay too. I wish to quote from 
the speech by Jack Welch, the Chairman and Chief Ex¬ 
ecutive Officer of General Electric (GE), whom we all 
respect for his dynamism and vision. In his lecture on 
‘Global Competitiveness’ delivered last month, he 
talked about GE’s strong commitment to the bound¬ 
aryless behaviour and said, ‘Boundaryless is the lan¬ 
guage, the behaviour definer, the culture, the soul of a 
true global enterprise. It ignores geography, borders, 
accents, currencies, and unites people of all cultures’. 
When asked about what happens to those GE people 
who did not accept this boundaryless behaviour, he re¬ 
sponded by saying, ‘(we) tell them they have to change, 
or else if they don’t change, they have to part company 
with us. And we do have them part company - lots of 
them over the question of boundaryless behaviour, of 
being open’. Strong words indeed - but it shows the way 
it works in industry. Why does it do so? Let me answer 
this. 

Successful commercialization of modern»scientific 
discovery today demands cross-disciplinary collabora¬ 
tion between scientists and engineers from different 
disciplines. Advances are generally the sum total of nu¬ 
merous creative ideas and interdisciplinary cooperation. 
In industry, individuals with diverse scientific and 
technical backgrounds tend to work together in a mis¬ 
sion mode. The driving force for industry is continuous 
innovation to displace one’s own product by oneself- 
with the well-known fear of someone else displacing it 
otherwise for them. The concept of interdisciplinary 
research and development has not gained as much 
ground in academia as one would have wished. And this 
is really sad because innovation is not a unidimensional 
process. It is comparable to the intermeshing gears of a 
clock. The challenge before us is to make this inter¬ 
meshing happen. 

Why did I decide to speak on this topic? I find myself 
in an interesting situation. I head the National Chemical 
Laboratory (NCL) in India. I have to deal with multi¬ 
disciplinary teams of over 500 research scientists and 
engineers. I find myself communicating with physical 
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chemists, organic chemists, inorganic chemists, etc. I 
deal with molecular biologists, biochemists, bio-organic 
chemists too. I also deal with materials scientists, ap¬ 
plied mathematicians, NMR experts and so on. Our CES 
group is placed amidst all these groups and it has to in¬ 
teract with all these disciplines. This interaction is cru¬ 
cial to meet NCL’s charter, which is to develop globally 
competitive products, processes and technologies. Inter¬ 
estingly, we have found that we succeed in this only 
when we come together as a team, leaving aside all the 
conceptual and cultural barriers between different dis¬ 
ciplines. But I must also honestly admit that I have 
found it to be a hard act to put together. I thought I 
would share the agony and ecstasy that I have experi¬ 
enced during all these years of going ‘boundaryless’ 
with you. 

But before I begin to address the principal issues, I 
must put the role of an engineering scientist, as I see it, 
in perspective. I would like to give an analogy with the 
medical school. We have there basic scientists, who 
generate new knowledge, but it is knowledge for its own 
sake. Then we have the hard-core practising clinicians, 
who use the established tools in their everyday practice. 
But in between these two communities, there are those 
academic clinicians. They are the ones who understand 
the language of the basic scientists and they are the ones 
who know the demands of the profession, as reflected by 
practising clinicians. What these academic clinicians do 
is to use the methods of science to develop new tools 
and new paradigms that the practitioners would find 
most helpful. They also communicate the needs of these 
practitioners to the scientists. The academic clinicians 
thus play this great role of facilitators. To my mind, a 
CE scientist is like an academic clinician, a facilitator. 
His task is to look at the continuous advances that take 
place in basic sciences such as chemistry, biology, 
physics, etc. He would harness this knowledge to de¬ 
velop new tools, which hard-core chemical engineers 
would put to use. The richness of our chemical engineer¬ 
ing profession, therefore, depends very critically on the 
vitality of the CE scientists and also on the rich variety 
of skills, tools, etc., that they bring into the profession. 

1 will give my personal perceptions about the follow¬ 
ing issues. What is the emerging relationship between 
CES and adjacent disciplines? What driving force is 
shaping this relationship? How do we respond to the 
explosion of knowledge in adjacent sciences? What will 
be the new role of a CE scientist vis-a-vis chemical en¬ 
gineering and other disciplines of engineering and sci¬ 
ences? What new tools and techniques can we adopt 
from other disciplines and, in turn, what could we give 
to other disciplines? Danckwerts practically defines 
Chemical Engineering Science as ‘applying methods of 
science to distinctive chemical engineering problems’. Is 
this definition valid anymore? What should be the new 
definition? 
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A word about how I have organized my lecture may 
be in order. This is certainly not a lecture on ‘new fron¬ 
tiers in CES’, since these frontiers have been widely 
discussed and elaborately defined by the Amundson re¬ 
port^. I am also not getting involved in a discussion of 
the ‘core’ vs ‘frontiers’ issue, which has again been 
dealt with by some of our very best scholars and think¬ 
ers'^’^. I am also not speaking about the future of fields 
such as mass transfer, reaction engineering, applied 
thermodynamics and so on. Furthermore, although I 
want to deal with the issue of merging boundaries with 
other disciplines, I am not going to create distinct boxes 
such as CES-physics interface, CES-biology interface, 
etc. To me, the boundaries between other disciplines 
have already vanished. I will, therefore, deal with only 
some ‘generic issues’ that should be of concern to us. 

This lecture is admittedly a narrow view from a win¬ 
dow. I also have the inescapable personal bias, which 
might show through the examples and the illustrations 
that I have chosen to give, and also the recommenda¬ 
tions that I have dared to make despite my limitations. 
However, I thought it is worth putting these thoughts on 
record, since this is the time to do it. Tomorrow might 
be too late! 

Nonlinear dynamics - New interdisciplinary 
challenges 

Complexity and nonlinearity reside in much that a 
chemical engineer encounters. His ability to acquire new 
tools and knowledge by exploiting the contemporary 
advances in physics has undergone a sea change in re¬ 
cent years. A wide variety of features ranging from 
steady state to multiple steady states to oscillations to 
chaotic dynamics and spatiotemporal patterns^’^ have 
become more commonplace observations. The advent of 
increasingly sophisticated experimental tools to detect 
and analyse microscopic events, new methods of 
mathematical analysis and computational advances have 
further accelerated the development in this area. 

The discovery of dynamical chaos has opened up 
many exciting possibilities with wide-ranging implica¬ 
tions in natural sciences and engineering sciences, CES 
being no exception. The usefulness of chaos comes from 
the fact that it is a collection of many sets of orderly 
behaviour, none of which dominates under normal cir¬ 
cumstances. At first sight an engineer shies away from 
chaos, because he finds it unreliable, uncontrollable and, 
therefore, unwanted. However, the challenge for an en¬ 
gineer is to control chaos and make it manageable, ex¬ 
ploitable and, in fact, invaluable. 

We ought to recognize that the special problems en¬ 
countered in CES have to be viewed within a grand uni¬ 
versal framework. Indeed, forms of quantitative 
universality have been found to occur in chaos so that it 
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now seems that studies on a case-by-case basis may not 
really be necessary. Thus, for example, the routes to 
chaos by the system when a control parameter is varied 
follow specific mechanisms like period-doubling, in- 
termittency or crisis. In each of these cases the onset has 
a typical diagnostic measure. For instance, in the case of 
period-doubling bifurcation, the ratio of successive bi¬ 
furcation points tends to converge to a universal con¬ 
stant, now popularly referred to as the Feigenbaum 
number. The realization that the behaviour of compli¬ 
cated physical systems can be analysed on the basis of 
very simple nonlinear equations indeed suggests that the 
complexities of the real world may arise from underly¬ 
ing simple causes. Furthermore, for a system exhibiting 
chaotic dynamics, an important property is its sensitivity 
to its initial conditions. Even an infinitesimally small 
difference in specifying initial conditions accurately 
may lead to a catastrophic growth in the error. This 
means that one can make near-accurate short-term pre¬ 
dictions about the system behaviour but certainly not 
long-term. This has profound significance in many CE 
systems that we deal with. 

Multidimensionality, intermittency and coupling are 
conditions that are frequently met in many CE systems. 
Therefore, such systems become serious candidates for 
exhibiting chaotic behaviour. The subtleties* brought out 
by the chaos theory pervade a number of situations, cov¬ 
ering complex reactions in a CSTR, bubbling from a 
submerged orifice, mixing and so on. Let me illustrate 
the point further by giving some illustrations. 

Chemical systems provide excellent prototype systems 
for studying nonlinear behaviour, since they offer a va¬ 
riety of convenient settings ranging from the simple to 
the more complex^. In this context, an open, well-stirred 
system (CSTR) following nonlinear kinetics and involv¬ 
ing a few chemical species forms a good basis for the 
study of low-dimensional nonlinear dynamics and 
steady-state behaviour. Common examples of systems 
with nonlinear kinetics involve reaction mechanisms 
with autocatalytic or nonisothermal feedback features^. 
It is interesting that an early experimental observation of 
chaotic dynamics was reported by Schmitz et al}^ for 
the now famous Belousov-Zhabotinskii'oxidation reac¬ 
tion scheme. Continued theoretical and experimental 
investigations have revealed newer and newer nonlinear 
dynamical and bifurcation patterns. Attention continues 
to be given to analysing the behavioural patterns of sys¬ 
tems of interest to chemical engineers, say, for example 
a nonisothermal consecutive reaction A B —> C oc¬ 
curring in a CSTR^^’^^ 

Open systems operating far from equilibrium produce 
a very rich behaviour. Advances in modern instrumental 
methods such as photoelectron, field electron and field 
ion microscopy reveal the ensuing structures with higher 
and higher resolution power. Oscillatory, chaotic and 
spatiotemporal concentration patterns of the adsorbed 


species for carbon monoxide oxidation on platinum sur¬ 
faces for various types of catalysts, including supported 
wires and foils, are available^^. Specific domains of the 
catalysts show synchronization as a result of heat con¬ 
duction through the supporting material or even through 
the gas phase. Propagating reaction-diffusion fronts 
(diffusion coupling) also leads to such synchronization. 
The important keywords are, therefore, coupling and 
synchronization. 

Due to the coupling between complex kinetics and 
transport processes in CE systems, a wide range of dy¬ 
namic behaviours can be observed. Possibility of dy¬ 
namic pattern formation by coupling at a larger scale 
was demonstrated by Arce and Ramakrishna^"^. The dy¬ 
namic behaviour and the stability of such systems and its 
linkage to the understanding of formation and propaga¬ 
tion of long-range dynamic patterns (including travelling 
waves in reactors) is obviously a hot topic for study. 
True CE culture is entering into the field; the contri¬ 
butions by Fox and Villermaux^^ on the role of 
micromixing (a typical CE paradigm) in controlling the 
existence and nature of oscillatory patterns is a good 
example. 

The development and study of nonlinear systems has 
been confined to study of low-dimensional systems so 
far. But a CE scientist has to look far beyond this. He 
has to deal with systems involving time delays 
(something that an electrical engineer may not experi¬ 
ence in his systems) or those that are modelled by a set 
of partial differential equations. The time delay ele¬ 
ments, for instance, are inherent in many CE operations, 
such as in feedback loops of well-mixed processes. The 
effect of their presence in the observed dynamics of a 
nonlinear system can be quite dramatic and they require 
attention. 

Consider the classical problem of bubbling. We have 
been looking at this problem for decades. But suddenly 
a potentially new way of looking at it has emerged. 
Tritton and Egdell^^ found that bubbling from a sub¬ 
merged orifice is sometimes regular and sometimes ir¬ 
regular. They observed a period-doubling sequence 
leading to chaotic behaviour. Subsequently, intermit¬ 
tency of varying degrees and period-3 patterns were ob¬ 
served. Examples such as this suggest that such new 
tools can lead us to look at dispersion science in a very 
different way. 

Consider another classical problem of mixing. Recent 
experimental studies and the merging of kinematics with 
dynamical systems and chaos are providing a paradigm 
for analysing mixing from a universal viewpoint. This is 
as well, since there is a large spectrum of problems 
studied in various disciplines in which mixing assumes 
importance (Figure 1). A universal framework can be 
used for analysis in different disciplines, whether it is 
mixing in a screw extruder or mixing in the mantle of 
the earth^^. 
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Figure 1. Mixing phenomena studied in diverse disciplines. 


The real excitement lies in the potential of achieving 
laminar mixing of viscous fluids in a regime of deter¬ 
ministic chaos produced by intermittent change of initial 
conditions'^"^^ Here mixing results from a fundamental 
kinematic property. In such chaotic processes, mixing 
efficiency is not directly related to energy dissipation. 
The prospect of devising entirely new mixing devices 
based on these n^ principles is truly exciting. The re¬ 
cent work by Howes et is interesting from this an¬ 
gle. 

The examples I cited are typically those that are at the 
heart of chemical engineering. But let me move on and 
tell you about a more complex system, which combines 
the synergistic efforts from diverse disciplines being 
interpreted using the theory of chaos, which leads to 
new ways of taste detection. Let us consider membranes 
with biological activity. The central question concerns 
the interrelationship between the microscopic and mac¬ 
roscopic membrane properties. Properties such as the 
action potential, spontaneous firing and chaotic behav¬ 
iour can be viewed now from a system-dynamical view¬ 
point. Thus, for example, the mechanism of oscillatory 
electrical potential of dioleyl phosphate millipore filter 
membrane placed between two solutions of different 
electrolyte concentration can be related to the macro¬ 
scopic behaviour of interfaces generated due to chemi¬ 
cally driven surface tension effects^^. The system, when 
subjected to sinusoidal alternating current, synchronizes 


with the forcing frequency and also desynchronizes for 
changing initial conditions. Aperiodic behaviour in the 
form of chaos appears in the regime^"^. The appearance 
of chaos follows the route of quasiperiodicity and 
analysis of dynamic chaos enables us to use it as a sen¬ 
sor for detecting taste. The simple philosophy followed 
here is that the substances as received by biological 
membranes change the membrane potential, leading to 
sustained oscillation and spatiotemporal firing patterns 
of the neurons, which when transmitted to the cortex and 
the brain recognize the taste. It is thus possible to use an 
artificial lipid membrane to convert chemical informa¬ 
tion to electric currents and construct sensors that iden¬ 
tify the taste. The prowess of the synergy of diverse 
disciplines is at once obvious here. A CE scientist 
should simply relish the idea of exploring, analysing and 
exploiting analogous phenomena and enriching the pro¬ 
fession. 

Fractals is another concept that has excited the phys¬ 
ics community over the past two decades. Fractals are 
scale-invariant geometric objects with the property that 
when a small piece is magnified it resembles the whole 
object statistically. Many physical processes produce 
phenomena that show self-similarity over a wide range 
of scales. The methods of fractal geometry have been 
extensively used in diverse disciplines, ranging from 
atmospheric sciences to modelling of earthquakes and 
also in miniature systems in cell biology. Aspects of 
fractals in chemical engineering problems that we deal 
with, be they porous electrodes, catalytic surfaces, 
membranes and so on, have been dealt with very ele¬ 
gantly by Villermaux^. A lack of quantitative connection 
between the measured value of the fractal dimension and 
the underlying physics of the process has many times 
led to a scepticism about its meaningfulness. If one 
comes out with a fractal dimension after a lot of sweat 
and hard work, we often have someone saying, 
‘so what?’. Fractals are not merely physical objects but 
are strange attractors of the nonlinear systems, which 
make them all the more beautiful, while being 
all-pervading at the same time. The connection of physi¬ 
cal and mathematical fractals is, however, important, 
since it links the nonlinear system dynamics to fractal 
geometry. 

The methods of fractal geometry when applied to data 
obtained from mathematical model, while providing an 
insight into the behaviour of these nonlinear systems, 
are grossly inadequate for the measured experimental 
time series data. Also the presence of noise in the ex¬ 
perimental data seriously distorts the results. Clearly, 
there exists a need for efficient noise reduction methods 
for dynamically sensitive systems, which need to 
be tested possibly on model examples first and then on 
real experimental systems. As more CE scientists get 
attracted to fractals, these words of caution may be 
useful. 
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CE scientist as a molecular information 
engineer 

Molecular chemistry that a chemical engineer conven¬ 
tionally learns is that of a covalent bond. However, it is 
supramolecular chemistry that is holding the centrestage 
now. Supramolecular chemistry is the designed chemis- 
try of the intermolecular bond ’ , It deals with chemi¬ 
cal species that are held together and organized by 
means of intermolecular (noncovalent) binding interac¬ 
tions. The chemical, physical and biological features of 
these chemical species constitute the essence of this 
highly interdisciplinary field. It involves the organic 
synthetic techniques of receptor construction, metal- 
ion-ligand complexes involving coordination chemistry, 
studies of interactions involving physical chemistry and 
finally biological processes involving substrate binding 
and recognition. Its location at the intersection of 
chemistry, biology and physics makes it a unique one 
and it also offers great challenges to a CE scientist. 

Designing systems for storing information in the 
structural (and eventually temporal) features of mole¬ 
cules and supermolecules constitute the real essence of 
supramolecular science and engineering. Supramolecu¬ 
lar science deals with the process of molecular recogni¬ 
tion. The essence of molecular recognition is that the 
molecular information is stored in the interacting part¬ 
ners. Chemical ingenuity is used to design receptors 
possessing steric and electronic features. These are de¬ 
signed to be complementary to those of the bind¬ 
ing substrate. Further molecular manipulation provides 
a balance between the rigidity and the flexibility 
suitable for the function to be performed. Such subtle 
organization of molecular, structural and dynamical 
features forms the basis of molecular information engi^ 
neering. 

Why should a CE scientist get involved with this 
field? This is because molecular information engineer¬ 
ing will be finally concerned with the design of molecu¬ 
lar devices and of systems displaying higher forms of 
molecular and supramolecular behaviour such as self¬ 
organization, regulation, cooperativity, communication 
and replication. Let me explain this a little further. 

We know that an interplay between molecular self¬ 
organization and molecular recognition of individual 
constituents leads to the construction of natural supra¬ 
molecular systems. Such systems combine order and 
mobility. Their functioning depends on the organization. 
If CE scientists abandon the limits of their classical 
thinking, they can start conceiving the development of 
new materials, which simulate natural supramolecular 
systems, where their functioning will be governed by 
their organization. The connecting links between appar¬ 
ently separated disciplines of materials science and life 
science bringing in the central theme of supramolecular 
systems is demonstrated in Figure 2. 
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Figure 2. The connecting link between life science and materials 
science - the role of functional supramolecular systems. 



Figure 3. Chemionics as the chemistry of recognition-directed and 
self-organized photonic, electronic and ionic molecular and supra¬ 
molecular devices. 


But how do we enter this exciting field? The chemis¬ 
try of molecular signal generation, processing, transfer, 
conversion and detection is already being hotly pursued 
by innovative chemists. The job of a molecular infor¬ 
mation engineer, if I may use that term, will be simply to 
design, build and operate molecular devices, which will 
be structurally organized and functionally integrated 
chemical systems built into supramolecular architec¬ 
tures. The function performed by such molecular de¬ 
vices will be the result of the integration of the 
elementary acts performed by the components, which 
may be photoactive, electroactive or ionoactive, depend¬ 
ing upon whether they operate with photons, electrons 
or ions (See Figure 3). Strategies towards properties and 
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functions rather than towards structures will be the goal 
of a molecular information engineer. He will continu¬ 
ously seek to express a desired property in a molecule or 
a material, whatever be the composition and the struc¬ 
ture. 

What I have said so far sets out the general back¬ 
ground. But now let me give a specific example of how 
CE scientists can use molecular information engineering 
in polymers to solve some challenging unsolved prob¬ 
lems. I focus on the exciting idea of creating molecu- 
larly imprinted polymers. Molecular imprinting in 
polymers involves the idea of using a specific imprinting 
molecule to coordinate the assembly of synthetic mono¬ 
mers around a molecule of interest. The functional 
monomers are polymerized in the presence of a print 
molecule. The functionality in the print molecule inter¬ 
acting with the complementary functionality is found in 
the monomer units. A cocktail of functionalized mono¬ 
mers is ‘prearranged’ around the imprint molecule by 
noncovalent interactions, which could be ionic, hydro- 
phobic, hydrogen bonding, etc. After polymerization, 
the imprint molecule is removed from the polymer. This 
leaves a polymer with recognition sites that are com¬ 
plementary to the imprint species with regard to both 
shape and functionality. This site will constitute an 
‘induced molecular memory’ which will be capable of 



Figure 4. Schematic representation of molecular imprinting by a 
noncovalent approach of Moshaph^^ An amino acid derivative is 
used. Different stages in imprinting technique leading to a molecu- 
larly imprinted polymer (MIP) capable of baseline separation of 
racemic mixtures are shown. 
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Figure 5. The principles underlying conventional biosensor opera¬ 
tions and the possible role of MIPs in their function. 

selectively recognizing the imprint species. The polymer 
will have a macroporous structure which will allow an 
imprint molecule diffusion into and out of the polymer 
matrix. 

Molecularly imprinted polymers (MIPs) are exciting, 
since they have a fascinating range of applications. 
Figure 4 shows a schematic representation of molecular 
imprinting through a noncovalent approach using an 
amino acid derivative demonstrated by Mosbach^^. 
Here, after mixing the imprint species with functional 
monomer and crosslinker, polymerization is initiated 
and the print molecule extracted from the resultant 
polymer under acidic conditions. Such MIPs find im¬ 
mediate applications in the challenging task of separa¬ 
tion of racemic mixtures. Separation factors of between 
2 and 8 have been achieved. What is impressive is that 
the molecular memory of the MIPs is not lost despite 
their manifold use in racemic resolutions over a period 
of several months. 

This opens up an exciting new field of separation sci¬ 
ence for us in a challenging area such as chiral separa¬ 
tions, where so far traditional chiral stationary phases 
(CSPs) have been used. Tailor-making binding polymers 
for a given separation process without involving the 
‘trial and error approach’ inherent with different CSPs 
will be a big gain if we followed this strategy. The sci¬ 
ence-business connection is obvious here too. Please 
remember that of 500 or more optically active drugs 
presently in the market, about 90% are administered as 
racemic mixtures. Food and Drugs Administration 
regulations now require that for any new optically active 
drug, both enantiomers must be treated as separate sub¬ 
stances in pharmacokinetic and toxicological profiling. 
Molecular imprinting might be the way to permit enan- 
tiopolishing, i.e. the removal of small amounts of con¬ 
taminating optical isomers on a commercial scale. < 
Separation and purification of wide ranges of molecules 
by exploiting the stereospecificity and regiospecificity 
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promises enormous potential with applications in differ¬ 
entiation of isoenzymes, conformers or epitopes and so 
on. 

One can extend this molecular information engineer¬ 
ing further, since MIPs can also move into substrate- 
selective polymers as sensory components. The idea will 
be to substitute the bio part in an enzyme- or antibody- 
based sensor with catalytically active or ligand-specific 
polymers prepared from specific polymers imprints. 
These can then move towards more robust sensing ele¬ 
ment systems (Figure 5). 

In many cases no suitable biomolecule will be avail¬ 
able. It is here that molecular imprinting will have the 
greatest potential. It will be able to create the custom- 
tailored synthetic binding site for a given molecule. The 
possibility of ‘direct contact’ systems, where ‘molecular 
wires’ could be created linking the binding cavity di¬ 
rectly to a transducer, such as an electrode, to give rise 
to an instant signal upon binding follow naturally. A 
whole range of exciting possibilities will open up as 
soon as the real prowess of molecular information engi¬ 
neering is seen by CE scientists. 

CE scientists and living systems 

The fascination of chemical engineers for living systems 
dates back to several years. Whether it is transport phe¬ 
nomena^^ or reaction engineering^^ in living systems, CE 
scientists have brought elegant tools of sophisticated 
analysis to this field. Modern biotechnology, be it indus¬ 
trial, medical, environmental or some other, has always 
put a great demand on truly borderless behaviour be¬ 
tween diverse disciplines. For instance, medical bio¬ 
technology thrived only because of a close cooperation 
between biologists, biochemists, geneticists, immu¬ 
nologists, medical specialists, chemical engineers and so 
on. Challenges of implantable and extracorporeal de¬ 
vices that duplicate the function of mammalian organs 
or facilitate the prevention or treatment of diseases are 
being met only through borderless laboratories combin¬ 
ing several disciplines. Metabolic engineering and tissue 
engineering, in which CE scientists have got involved, 
require strong interdisciplinary teams. Search of novel 
biocompatible materials for prosthetic replacement and 
repair of both hard and soft mammalian tissue is also 
showing promising results only due to such synergy of 
action. Unresolved problems in industrial biotechnology 
of development of highly accurate, sensitive, and selec¬ 
tive sensing devices capable of measuring concentra¬ 
tions of bioactive substances and metabolic components 
in bioprocess streams and monitoring these parameters 
for computer control also require strong interdiscipli¬ 
nary teams. 

What chemical engineers have already achieved is 
something to be proud of. Significant contributions have 


been made in industrial biotransformation processes^®, 
the subject of last year’s Danckwerts memorial lecture. 
Chemical engineers had the lion’s share in the develop¬ 
ment of artificial kidney, pursued initially as a natural 
extension of their work on membranes. They were at the 
centrestage when insulin was produced on a large scale 
using recombinant DNA technique. Now they have 
moved a step further by developing hybrid pancreas. 
The idea is to take live pancreas cells and immobilize 
them in an inert matrix to be used as hybrid pancreas. In 
drug delivery systems, we are now talking of low flow 
pumps and smart membranes. In low flow pumps, mi¬ 
crocapsules are so produced that each releases its con¬ 
tents at a specified time. Smart membranes will sense 
the glucose level of the blood and release the required 
amount of insulin. Attempts are even being made to 
generate artificial red blood cells, which will not contain 
any living matter and yet perform the functions of the 
cells in great detail. 

In this context it is worth quoting from an editorial 
that was written by Frauenfelder and Berg^^ in connec¬ 
tion with a special issue of Physics Today that dealt ex¬ 
clusively with the emerging new relations between 
physics and biology. They said ‘interface between 
physics and biology ... is a cross-field endeavour to 
which physicists can make major contributions. But to 
do so, they need to learn enough biology to be able to 
talk with biologists and to distinguish problems that are 
central from those that are peripheral. Since much of 
biology is descriptive, the physicist has a strong advan¬ 
tage: It is much easier for a physicist to learn biology 
than for a biologist to learn physics’. 

Just replace the word ‘physicist’ with ‘CE scientist’ 
and read the above paragraph again. The idea is clear. 
CE scientists have already played a crucial role in 
bringing quantitation to biology^^. The tools and skills 
that we will use in future will also come from diverse 
disciplines again. My chemical engineering colleague in 
NCL, Bhaskar Kulkarni, recently wrote a paper^^ on the 
application of artificial neural networks for procaryotic 
transcription terminator predictor and it featured on the 
front cover of the journal FEES Letters. The interesting 
point here is that a chemical engineer has picked up a 
tool developed by electrical engineers and mathemati¬ 
cians and contributed to quantitation of a biological 
problem! 

CE scientists are making headway in developing more 
advanced methods. The growth of procaryotic cells has 
been predicted in a rigorous quantitative way - a far cry 
from our gross Monod and Michaelis-Menten equations. 
Such new models consider the formation of proteins 
from amino acids, RNA as well as DNA from nucleo¬ 
tides and cell wall membranes from lipids, not only for 
the parent cell but also for the plasmids contained in it. 
The distribution of plasmids as the cells multiply has 
also been predicted. 
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Figure 6. Historical trends in the development of catalysis. 


Let us, for a moment, look at enzymes, which the CE 
community is looking at as catalysts of the future. 
Figure 6 shows the way in which catalyst development 
has moved over the years. The chemical engineers have 
so far contributed to the development of production 
processes of commercial enzymes. They have tried to 
immobilize them and so on. However, once again if they 
become borderless then they can get involved in an even 
more exciting game, namely displacing the enzymes 
themselves. Indeed, designing catalysts ftmctioning in a 
manner similar to natural enzymes, i.e. creating syn- 
zymes, is emerging as an exciting challenge, as we can 
see from Figure 6. 

Enzyme catalysis involves binding of the reacting 
substrate in a perfectly fitting cavity or cleft of the en¬ 
zyme that contains functional groups in the correct 
stereochemistry for binding, catalysis, and group trans¬ 
fer. The idea of using zeolites as hosts has opened up 
the field of zeozymes. Use of molecularly imprinted 
polymers now offers interesting possibility for creating 
enzyme-like catalysts too. But as we become more and 
more borderless, we can start bringing in diverse ideas 
from different disciplines. A recent breakthrough^"^ is 
worth describing. 

Many attempts have so far been made to create a syn- 
zyme for the purpose of catalytic oxidation on lines of 
the enzyme cytochrome P-450. Heterogeneous mimics 
have been designed that use organometallic complexes 
encapsulated in the supercages of zeolites, which are 
the so-called zeozymes. However, these systems have 
no real mechanistic analogy with the enzymatic process, 
and the oxidation rates tend to be low. Parton et 
tackled this problem by developing a composite 
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Figure 7. Zeozyme in a polymer membrane providing a mimic of 
cytochrome P-450. 

catalytic system by incorporating iron phthalocyanine 
complexes encapsulated in crystals of zeolite Y, which 
were in turn embedded in a polydimethylsiloxane mem¬ 
brane (Figure 7). The polymer served three puiposes. It 
acted as a mimic of the phospholipid membrane in 
which cytochrome P-450 resides. It acted as an interface 
between the two immiscible phases. It avoided the need 
for solvents or phase transfer agents. The system oxi¬ 
dized alkanes at room temperature and showed amazing 
turnover. The premium here again was on creativity, 
daring and combining concepts from diverse disciplines 
in an uninhibited fashion! 

The way the field will move will be hard to predict by 
any logical and structural analysis. We already have 
examples of animals as bioreactors - take the case of 
transgenic cows producing human lactoferrin or trans¬ 
genic sheep producing a-1 antiti 7 psin. Modern biotech¬ 
nology is thus helping us to replace bioreactors by 
animals. On the other hand, modern polymer science is 
helping us replace animals by plastics! Let me explain 
this. 

Immunoassay techniques require antibodies produced 
from laboratory animals. How about making plastic an¬ 
tibodies? This is not a dream anymore. All that we need 
is an exploitation of molecular information engineering 
done on chosen polymers so that they vyill become anti¬ 
body mimics which will be comparable to biological 
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antibodies. It bas been shown^^ that ,m.olecular;ly im¬ 
printed polymers could be made which show strong 
binding and cross-relativity profiles very similar to anti¬ 
bodies. Now this opens up an enormous opportunity, 
since MlPs can be made against a great number of or¬ 
ganic molecules, for example, drugs, metabolites, hor- 
mohes and toxins, provided they have suitable 
interaction points. It is easy to see then the amazing 
synergistic effect of diverse disciplines merging to¬ 
gether. 

C.ES and nanotechnology 

Great expectations on nanosystems (1-100 nm) have 
been raised recently. Exciting pictures of nanoscopic 
machines that replicate, build crystalline rocket engines, 
repair cells and extend life spans have been painted^^’^^ 
and even new strategies of doing all this by mi- 
cromachining have been suggested. However, there is a 
problem here, since such nanomachines must themselves 
be put together by other nanomachinesJ Ideas of build¬ 
ing molecules by pushing together atoms by the tip of 
the scanning tunnelling microscope have also been sug¬ 
gested. We can only imagine how slow and cumbersome 
these processes will be. Solid-state physicists, materials 
scientists, and electrical engineers build nanostructures 
through techniques such as chemical vapour deposition, 
etc. However, fabrication of microstructures and devices 
requires increasingly substantial effort as they are ex¬ 
tended to the range below 100 nm. Then how can we 
proceed? 

While we are all struggling, biology abounds in 
nanostructures with dimensions of about 1-100 nm (ref 
38). Just consider the range of biological structures- 
from proteins to viruses to cellular organelles. The 
challenge is to make structures *of the size and complex¬ 
ity of biological structures, but without using biological 
catalysts or the information coded in genes. Nanotech¬ 
nology, therefore, requires new strategies and technolo¬ 
gies. 

Self-assembly is emerging as a new strategy in chemi¬ 
cal synthesis, with the potential of generating nonbi- 
ological structures with dimensions of 1—lOOnm. 
Structures in the upper part of this range dfisizes are 
presently inaccessible through the xhemical synthesis 
route and the ability to prepare them would open >a route 
to structures comparable in size (and perhaps comple¬ 
mentary in function) to those that can be prepared by 
microlithqgraphy -.and idiher techniques 'Of .microfabrica- 
tion. 

What .can -GE ::scientists lio iherC-? Gne .option is to look 
at the nature and see how ^ we can exploit the self- 
organized structures that it has'.already created. IThe sec¬ 
ond is to understand theprD.Gess of self-organization'and 
'.simulate iit syiithetic,dlly to create -new *:str.uctures. fBoth 
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:approac.hes require ingenuity but both are possible, :as I 

will show. 

Surface ,laye,r.s (:S-iayers) represent the outermost ceil 
wall c,om;pone,nt of .many eubacteria and archaebacteria. 
These S-layers' are arrays of protein or glycoprotein 
subunits that are linked by noncovalent interactions. 
Channels of 2-6 nm diameter exist in S-layer lattices. 
This beautiful S-layer material was isolated from highly 
thermophilic eubacteria, crosslinked with glutaraldehyde 
and then it was deposited on commercially available 
microfiltration membranes^^. The only function of the 
microfiltration membrane was to provide mechanical 
support. These membranes displayed unusually steep 
rejection curves. Such new types of UF membranes will 
have considerable potential in opening up new doors to 
ultrafiltration technology. 

Let us now turn to synthetic methodologies. Block co¬ 
polymers have particularly interesting .features with re¬ 
spect to equilibrium statistical mechanics, forming 
various phase-separated domain structures with 
nanometer periodicities, the so-called nanopatterns. Re¬ 
cently, a breakthrough was achieved"^^ in using the proc¬ 
ess of self-organization in block copolymers of 
polystyrene-polyparaphenylene. The films, of 10—30 pm 
thickness, were produced by evaporating solutions in 
carbon disulphide under the flow of a moist gas. Empty 
spherical cells about 0.2-10 pm in diameter appeared 
spontaneously in a beautiful hexagonal array. Such 
membranes might find application in controlled release 
of drugs or other bioactive species, or as materials with 
useful optical properties, moulds or scaffolding for 
forming ordered microstructures, and model substrates 
for surface science. What is remarkable is that the 
polymer architecture is able to induce a complex regular 
morphology at a scale two or three orders larger than the 
molecular scale. The mechanism of formation of this 
new regular morphology involves a combination of 
complicated thermodynamics and transport phenomena 
and provides an interesting challenge to CE scientists. 

Nanobiotechnology is emerging as an .exciting field. 
Fabricating organized biomolecular structures is a new 
challenge that is being met by bringing in diverse dis¬ 
ciplines. Genetic engineering will tailor protein’s 
makeup and also its function. Organic chemistry will 
provide new materials for anchoring and preserving the 
altered proteins. Electrical engineering will offer ways 
to detect signals from internal working of proteins. We 
can finally turn a small assembly of biomolecules into a 
eustom-designed molecular machine. 

Another exciting area is where proteins are being 
turned into nanoscale chemical processing plants. Pro¬ 
teins ean be lused as reaction vesseis for controUing the 
;particle :si 2 e .of other !materials. They -can Gage several 
compounds. *If..the .chemical .'affinity..ofthe .proteincan be 
changed, then the ^protein can E:e engineered to .fit the 
'mineralization 'product that .one wants Inside :it. "Such 
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caged particles will pass through the human body in an 
unrestricted way. They will be useful in diagnosing and 
treating diseases. It is clear that CE scientists can share 
the grand challenges of nanotechnology by joining 
hands with others working in protein engineering, or- 
ganometallic chemistry, semiconductor technology, etc. 

Entering new territories 

Venturing into new fields will be both exciting and re¬ 
warding for CE scientists. Nontraditional thinking, 
whether it is in terms of creative use of ultrasound, 
photoenergy, microwaves or some other means, will 
continuously give the CE scientists new challenges and 
new opportunities. Laboratory curiosities or chance ob¬ 
servations in other disciplines can be turned into major 
opportunities with winning technologies if we are both 
vigilant in watching other fields and daring. Let me take 
one specific example in detail, namely sonochemical 
reaction engineering. 

Chemists have shown over the years that application 
of ultrasound yields entirely different products from the 
same reactants, enhances the rates of the reactions phe¬ 
nomenally and even permits at very mild reaction con¬ 
ditions synthesis of products that can normally be done 
only under very high temperatures. Although catalogues 
of the use of ultrasound by chemists are available'^^ lit¬ 
tle or no work aimed at quantitative prediction of the 
effects of ultrasound on the course of chemical reactions 
has been carried out. Now sonochemical reaction engi¬ 
neering is beginning to emerge as an exciting area of 
research for CE scientists, since it combines so many 
novel elements of cavitation dynamics, transport phe¬ 
nomena and reaction engineering. 

The influence of ultrasound on chemical reactions is 
known to come from the cavitation phenomena. Very 
small bubbles of dissolved gases that are omnipresent in 
the liquid can grow in the rarefaction cycle of the sound 
wave and collapse rapidly and adiabatically during the 
compression cycle. The adiabatic compression generates 
very high temperatures and pressures in the bubble. Re¬ 
active intermediates are then bom, which can diffuse out 
and react with other reactants present in the surrounding 
liquid phase. Further, when a cavltating bubble col¬ 
lapses near a solid surface, it does so asymmetrically 
and generates microjets of high velocity. The resulting 
microjets can clean the solid surfaces. Such a cleaning 
action leads to reactivation of passivated catalytic sur¬ 
faces and also local heating of catalytic surfaces. This 
results in impressive enhancement of the rates of reac¬ 
tion. The high velocities generated can also decrease 
any diffusional resistance present and, once again, en¬ 
hance the rates of the reactions. 

The big question is how can sonochemistry be taken 
through the path of sonochemical reaction engineering 


to sonochemical technology? A body of engineering 
knowledge has still to be acquired before design of reac¬ 
tors or even scale-up can be achieved. The first paper on 
sonochemical reaction engineering, which provides a 
high level of predictive ability, appeared a few months 
ago"^^. It is interesting to see that a multidisciplinary 
team of chemical engineers, mechanical engineers and 
chemists worked together to provide insights into the 
fluid-dynamical phenomena as well as the reaction 
events. 

A lot more needs to be done in sonochemical reaction 
engineering. Capturing the dynamics of a cavitating 
bubble, postulating the rates of reactions occurring in 
the bubble that produce reactive intermediates, model¬ 
ling of convection created by microjets and acoustic 
streaming, investigation of pitting and its effects on 
creation of new surfaces, understanding the physics of 
the fusion of particles and the new catalytic chemistry 
are some of the interesting challenges in modelling. But 
an even bigger challenge is to make a sonochemical re¬ 
actor work in practice. New ideas on loop reactors are 
emerging"^^. Normal sonicators have the problem of ero¬ 
sion of the power-transmitting surfaces due to cavita¬ 
tion. How do we concentrate the power away from the 
transducer surfaces? The use of spherical vessels for 
batch reactors or hollow cylindrical-type transducers to 
position the power around the centre of the axis seems 
to be a possibility. However, only a close interaction 
with acoustic engineers, mechanical engineers, chemists, 
etc., can move this field further. 

The use of ultrasound is just one possibility. Interest¬ 
ing opportunities exist for the development of applica¬ 
tions of both electrochemistry and photochemistry. 
Unusual cross-disciplinary thinking is needed though. 
The concept of using electrical potentials impressed 
upon metallic or semiconductor catalysts to bias either 
the rate or pathway of a heterogeneous catalytic reaction 
to affect the reaction kinetics or product distribution is 
an unexplored area. Can we carry out electrochemical 
(i.e. electron insertion/withdrawal) processes at elec¬ 
trode surfaces in the proximity of immobilized enzyme 
systems as a means of conducting oxidative or reductive 
enzymatic transformations? This will do away with the 
necessity of cofactor reactants. Another interesting 
challenge is the simultaneous generation of electric 
power with production of useful organic intermediates 
by controlled catalytic oxidation or reduction at an 
electrochemical cell electrode. Such ‘bootstrap’ chemi¬ 
cal processes, which are energy- and raw-materials- 
conserving, will make the profession leap-frog. 

If we go really borderless, then we can think in terms 
of the combined-fields approach"^. We can generate 
additional driving forces in a process that works simul¬ 
taneously with the conventional driving force of the 
process. The additional forces may evolve from the 
application of external fields or body forces. Electric 
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Figure 8. Range of electrical enhanced-separation techniques. 


field, which is one possibility, has already been explored 
for enhanced-separation techniques (Figure 8), but my 
feeling is that we have only been scraping the surface so 
far and a lot of unconventional thinking has to go on 
here. 

Take, for instance, an imaginative use of the electrical 
field in the pulsing mode. We know"^^ that an electric 
pulse of intensity in kilovolts per centimeter and of du¬ 
ration in microseconds to milliseconds can cause a tem¬ 
porary loss of the semipermeability of cell membranes, 
thus leading to ion leakage, escape of metabolites, and 
increased uptake of drugs, molecular probes and DNA 
by cells. This phenomenon is referred to as 
‘electroporation’. Electroporation can find applications 
in insertion of proteins into cell membranes, improving 
drug delivery and hence effectiveness in chemotherapy 
of cancerous cells, activation of membrane transporters 
and enzymes, etc. Why not design very cheap disinfec¬ 
tion or water purification processes based on electropo¬ 
ration? 

Let us pursue the idea of pulsing and look at other 
possibilities. Consider membrane fouling during cross- 
flow microfiltration. We can imaginatively use electro¬ 
lytic membrane cleaning. Here again, intermittent elec¬ 
tric field pulses can be used to clean membranes without 
the interruption of the separation process. It has already 
been shown"^^ that this technique can improve the overall 
membrane permeation rates by a factor of up to 10 with 
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only a modest electrical energy requirement. Another 
technique, namely the in situ electrolytic membrane 
restoration, is very effective in restoring membrane 
water permeation rates under mild chemical conditions. 
Used in combination, these techniques have the potential 
of obviating the requirement of membrane backflushing 
and conventional chemical cleaning. 

Let me emphasize again that these examples are by no 
means exhaustive but are only typical of the opportuni¬ 
ties that exist. Photochemical and electrochemical reac¬ 
tion engineering have already matured. Sonochemical 
and microwave reaction engineering are emerging as 
new disciplines. Asimov’s orbital reaction engineering"*^ 
may be a long way away - but emergence of other fields 
will depend on our creativity and daring again. 

New look at old materials through seamless 
science 

With rapid advances in science, a CE scientist will have 
an opportunity to look at old materials and make them 
perform new functions. He may even convert them into 
smart materials with attributes of selectivity, sensitivity, 
shapability, self-recovery, self-repair, self-diagnosis, 
self-tuning and switchability. Use of some severe inter¬ 
disciplinary science is required here to make this hap¬ 
pen. For instance, ‘dumb’ water-swollen gels, which are 
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just used as passive supports, can be so transformed that 
they bend, walk and even mimic enzymes!. To show such 
an exciting range of possibilities, I will just choose three 
familiar materials, namely gels, zeolites and clays. 

Let me focus on gels first. Biological materials in the 
body are usually composed of soft' and wet' materials... 
This is in contrast with most industrial materials that we 
chemical engineers use. Take, for instance, metals, ce¬ 
ramics and plastics. These are dry/ and hard. Seldom do 
we use soft materials. But it is beginning to emerge now 
that ‘soft and wef materials can be important not only 
as biological materials that construct the body but also 
for displaying their functions. Designing mobile ma¬ 
chines using soft and wet materials, furnishing soft ma¬ 
terials so that they are able to make shape changes, or to 
generate tensile stresses that can lead to motility without 
the requirement of a rigid structure are challenges that 
will be met in the new world of seamless science. 

Let me discuss more specifically polymeric gels, 
which are swollen polymeric networks. They possess the 
cohesive properties of solids and the diffusive transport 
properties of liquids. The combination of elastic prop¬ 
erties and osmotic reactivity makes them very special. 
Gels are held in place by a hydrophilic lattice of long- 
chain molecules. The fragile balance between the elec¬ 
trostatic repulsion of the adjacent polymer strands and 
the osmotic pressure exerted by the ions in the solvent 
holds the key to the behaviour of gels. .Disrupting a gel’s 
charge distribution by altering its environment can trig¬ 
ger it to swell or shrink suddenSuch phase transi¬ 
tions can be exploited imaginatively. 

The thermodynamics of phase transitions, aspects of 
transport phenonieiia as well as the energy conversion ■ 
phenomena in these geis will be best understood by CE 
scientists. Indeed, the entry of CE scientists in this area 
is giving rise to the develo'pment of several systems of 
io'terest, including separation tedinoiogy^^’^^, sustained 
release systems^^ and so on. 

It 'is rather interestirig to notice the simultaneous gen¬ 
eration of ideas in s'uch fields that take place between 
different disciplines driving di'ffereiit applications using 
similar principles. Our research group recently used the 
pH sensitivity of the hydrogels for attaining time-. 
invariant diffusionai tiux 'tiirG'iigh bilayered membranes 
witli collapsible barriers^''. The novelty of the approach 
was that the bilayers were formed in situ and the diffu¬ 
sionai behaviour was inaRipulated at will depending on 
the external stimuli. The idea rested, however,, on mak¬ 
ing both surfaces of a gei slab collapsible. Our Japanese 
friends ‘ decided that they would collapse^ only one of' 
the surfaces of the gel. Their idea was to create a bend¬ 
ing motion (Figiire '9). By exploiting this asymmetric, 
collapse with the help of a racliet-type ‘gel looper’", they 
showed that a gel could ‘walk’ along a bar! As chemical 
engineers, it is easy to see that we were interested in 
controlling diffusion a,fid the Japanese were interested in 
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soft robots - but the phenomena exploited by us were 
exactly the same. 

In contrast to motors and hydrodynamic pumps, the 
motion of a polymeric gel de.monstrated by Osada et 
ai.^ is produced by the chemical free energy of the 
polymer network. Thereafter, electrical or thermal en¬ 
ergy is used to drive the direction and control the state' 
of the equilibrium. Thus, the chemomechanical gel 
driven by outside stimulus is able to exhibit ‘gentle’ and 
‘flexible’ action, .and its movement is more akin to that 
observed in a muscle than in the metallic machine sys¬ 
tems. The application of diemomechanical gel as an 
‘actuator’ for robots and other systems has special inter¬ 
est. The molecular machine that is' capable of biomi- 
metlc motility by using ge! will allow entry into a new 
world of movement where the system works siTi.oothly 
andjently without noise, heat evolution'and exhaus- 
tion^"'^’Applications might eventually include, 'die 
construction of devices that can be inserted into muscfe 
and even, emulate the nervous system. This tleld opens 
op so many new exciting vts'Cas for CE scieiiti.s,ts'.. 

Let us now move to zeolites, which were initially dis¬ 
covered as naturafiy occurring materials. Much zeolite- 
research and development with which chemiGal engi- 
neering sc!enti.sts a,re associated is still aimed at the 
traditional uses such as catalysts and adsorbents. How¬ 
ever, over the past few years we have seen zeolites 
emerge as advanced materials^^.. Indeed, zeolites as mi- 
croporous materials with nanometer dimension window, 
channel and cavi'ty architecture p'reseni; new oppo-rtuni- 
ties. The .key in assembling and maintaining controlled 
microstructure is to use solid host lattices tlia^ serve as 
templates within w'hkh a guest structure of nanometer 
architecture can be assenibled. This opens up ne-w' pos¬ 
sibilities, 

fake the fie.id of solar energy conversion. Here a sps- 
tially well-organized molecufar system^ is required that 
models photosynthetic mechanisms.. This will ena,ble 
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redox reactions to proceed efficiently along the desired 
paths. Other potential applications include zeolite elec¬ 
trodes and electron relays, zeolite batteries, zeolite fast- 
ion conductors, intrazeolite semiconductors, zeolite 
chemical sensors, zeolite imaging and data storage ma¬ 
terials, zeolite lasers and displays, as well as zeolite 
composites to form perm-selective membranes or thin 
films. 

The stage is set for rapid developments of zeolite- 
based electronic, optical, magnetic and dielectric mate¬ 
rials. Zeolite semiconductors may not be far away. The 
marked proton conductivity of certain acid zeolites may 
open up the ways to electrochromic zeolites. The emer¬ 
gence of acentric zeolites may lead to the design of 
zeolite piezoelectric devices. The molecule-sized pore 
and channel structure of zeolites could provide a novel 
medium in which to create ultrahigh resolution images 
and package and process information at high storage 
densities. The unidimensional channel architecture of 
certain zeolites may even permit the assembly of low¬ 
dimensional zeolite conductors and the control of energy 
transfer and energy migration in restricted dimensions. 
How do we overcome the present disadvantages of 
zeolites, namely pore plugging, poisoning, structural 
defects, the difficulties of growing large single crystals, 
and interfacing a zeolite device with the outside world? 
A CE scientist is well poised to take upon himself some 
of these challenges. But he must operate in the border¬ 
less way interacting with materials scientists, physicists, 
electronic engineers and so on. 

Let us look at another old material that we are so 
familiar with - namely, clays. There have been sugges¬ 
tions that clays may have served as templates for the 
first self-replicating systems on this planet^^. Indeed, 
clays have been considered as possible chemical mi¬ 
croreactors in the prebiotic synthesis. They may very 
well have served as Mow-tech’ precursors to the self- 
replicating biomolecules. Oligomers of glycine have 
been formed in the presence of clays subjected to cycles 
of wetting and drying simulating natural cycles. It has 
been demonstrated that energy due to mechanical stress 
could be stored within the lattice as trapped holes, and 
released in the form of additional acidic catalytic sites. 
Luminescence can be induced by dehydration of a clay 
and mechanical stress can translate into tribolumines- 
cence. In short, clays can store energy from the envi¬ 
ronment and release it in various forms. 

Is it not then possible to let our imagination run wild 
and aggressively move into this area? We can raise a 
number of questions. Can clays oligomerize simple 
molecules into biomolecules? Can the required dehy¬ 
dration reactions occur in an aqueous environment? Can 
clays protect their reaction products from photodecom¬ 
position under intense irradiation from sunlight? Can 
clays store energy and release it by transforming it into 
chemical energy to operate these condensation reac- 
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tions? Can clays distinguish stereoisomers to form cer¬ 
tain products selectively? The answers to most of these 
questions are positive. Can the CE scientist not move 
aggressively to exploit these materials? 

What I have tried to emphasize here is that innovation 
is the key to making mundane materials smart or adding 
enormous value to them.-However, the innovation will 
emerge only if we intermesh intimately with other adja¬ 
cent sciences. 

Acquiring new tools from other disciplines 

We must empower a CE scientist with sophisticated 
tools, both experimental and computational, for him to 
march ahead. The quest of a CE scientist to probe mo¬ 
lecular-level events and structure on the one hand and to 
gain access to the spatially resolved macroscopic proc¬ 
esses on the other will mean that he will be in constant 
search of new tools. Especially valuable are those tools 
which allow the measurement of the dynamics of the 
events (say during mixing) or allow in situ measure¬ 
ments during say a reaction-diffusion event on a work¬ 
ing catalyst. Once again these tools will be available 
elsewhere and the real ingenuity will lie in locating them 
and using them. Thus, tomography technologies are ex¬ 
tensively used in medical diagnostics. A thermal neu¬ 
tron-based Computerized Tomography (CT) system may 
be used conventionally for industrial diagnostics. It is up 
to the CE scientist to know the relevance and the worth 
of these tools and bring them into the profession. 

If we look around, we see that NMR spectroscopy and 
imaging, tomography, trajectography, image processing 
capability, etc., are serving as powerful aids for CE sci¬ 
entists, who are searching for more and more detailed 
information. Let us see how this is being achieved by 
taking a few specific examples. 

Tomography techniques used in the medical field 
cover a wide range of tomographic sensing techniques. 
These include nucleonic (X-ray, y-rays), optical, ultra¬ 
sonic and electrical methods. Some of these methods 
would have limitations for CE problems at hand. For 
instance, optical sensors are not useful in opaque sys¬ 
tems. Radiation-based sensors are slow, expensive and 
have safety constraints. However, the scope for the use 
of these techniques is enormous. Electrical capacitance 
tomography can be used for nonconducting systems. 
Electrical resistance tomography can be used for con¬ 
ducting systems. Optical tomography has already been 
used for imaging mixing process within agitated vessels. 

An eye for application of new tools will take us a long 
way. For instance, consider positron emission tomogra¬ 
phy (PET), an imaging technique widely developed for 
diagnostic medicine. It was imaginatively applied by 
chemical engineers to examine the problems of mixing 
of powders and gain some valuable new insights^^’^^. 
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Similarly consider a commonly used technique in indus¬ 
trial diagnostics, namely thermal-neutron-based CT 
system. It can be operated in a radiograph mode to ob¬ 
tain 2-D transmission images or in the real-time mode to 
image dynamic events. Both systems can be used in 
conjunction with computerized tomography for 3-D im¬ 
aging. Jasti and Fogler^^ used this technique imagina¬ 
tively recently in getting some important insights into 
porous media flow. 

Let us cite a specific example to illustrate the power 
of these techniques. Williams et exploited electrical 
impedance tomography to study mixing in stirred ves¬ 
sels. The batch mixing of a slug of brine tracer was 
mapped out. Simultaneous capture of video images of 
the tracer mixing provided a visual confirmation of the 
tomography reconstruction. The experimental acquisi¬ 
tion of fully 3-D concentration field information was 
particularly satisfying. Such work provides a powerful 
incentive to develop and implement fully 3-D models of 
the flow and mixing, since the details available now are 
precisely commensurate with the details that are capable 
of being provided by computational fluid dynamic 
(CFD) models. 

CE scientists getting involved in such endeavours 
must not be Just at the periphery but must also get in¬ 
volved in obtaining deeper insights into image recon¬ 
struction problems connected with spatial nonlinearities 
and also the utilization of 3-D data. Furthermore, after a 
while, it is also important that they move from the 
‘comfort zone’ of studying ‘clean model systems’ to 
‘real-life systems’ with these powerful tools. The idea is 
to solve the ‘problems that need to be solved’ rather 
than those that ‘can be solved’. 

Let us move on to NMR techniques now. Excellent 
reviews by Gladden^^’^^ show the great power of this 
tool in chemical engineering. NMR probes physical and 
chemical phenomena occurring over a vast range of both 
length and time scales. While NMR spectroscopy yields 
information on structure and dynamics at the molecular 
level, NMR imaging probes macroscopic phenomena 
suqh as structural heterogeneities within materials, fil¬ 
tration processes, concentration and velocity profiles, 
etc. Such studies enable additional insights into the 
physics of the problems and may even suggest new 
strategies. 

We ourselves have used NMR extensively over the 
past few years and found it to be a very versatile tool — 
for probing both microscopic as well as macroscopic 
events that take place during the swelling and dissolu- 
tion of polymers^"*^ as well as during the hydration of 
superabsorbing polymers^*. Let me just illustrate the 
point by giving an example. We looked ut the molecu¬ 
lar-level events while studying the dynamics of mobili¬ 
zation in swelling-dissolving polymers. We saw strange 
plateau appears in the averaged molecular mobility vs. 
time curves (Figure 10 a) as well as in fraction of 



Figure 10. a. Reciprocal olefinic proton line width reflects on the 
average mobility in a swelling-dissolving polyisoprene polymer. The 
non-monotonous increase of mobility with time is striking^^ b. Nor¬ 
malized signal area measured during dissolution of high molecular 
weight polystyrene reflects on the dissolved fraction of polystyrene 
in CDCI3 solvent. The plateau is striking and is influenced by disen¬ 
gagement dynamics^"*. 



Figure 11. Specific hydration of a superabsorbing polymer (with the 
structure shown) studied by high-resolution solid-state NMR by 
Rajamohan et Line narrowing at the carboxyl shows preferen¬ 
tial hydration at that site despite other hydrophilic groups present in 
the polymer. 
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polymer dissolved vs. time curves (Figure 10 A). These 
unexpected observations helped us understand the role 
of disengagement dynamics at the gel-fluid interface for 
the first time. We have even been able to examine 
specific hydration sites in superabsorbing polymers 
(Figure 11), showing how water mobilizes the carboxyls 
preferentially, first in preference to other hydrophilic 
groups. Thus, NMR is a powerful tool that gives impor¬ 
tant insights into both macroscopic and microscopic, 
phenomena. 

In the above example, although we studied molecular 
mobility of macromolecules, it was still averaged over 
the sample dimension. However, some recent spectacu¬ 
lar advances enable us to observe the dynamic events of 
reptation of a macromolecule even at a single-molecule 
level. 

Perkins et observed the tube-like motion of a 
single flexible DNA molecule by using fluorescence 
microscopy. Kas et reported direct observation of 
reptation obtained by video microscopy of fluorescent 
labelled filaments of actin in a solution. How such im¬ 
proved understanding of molecular processes of migra¬ 
tion and reorientation of DNA molecules undergoing 
conventional and pulsed field gel electrophoresis, as 
obtained by direct observations from a microscope and 
computer modelling studies, has helped in improving 
these sophisticated separation processes has been shown 
by Bustamante et alJ^. Advent of such studies at mo¬ 
lecular level will empower CE scientists to examine 
problems of interest to them with even greater rigour. 

Let us move from experimental tools to computing 
tools. CE scientists have not been found wanting in 
moving quickly and exploiting new advances, be they in 
artificial intelligence (AI) techniques or in parallel proc¬ 
essing, or in some other areas. They have not caught on 
to virtual reality as yet, but I am sure they ought to - 
and they will indeed do it soon. 

A recent AI application in chemical engineering is the 
use of artificial neural network (ANN). ANN is a nu¬ 
merical (not symbolic), empirical modelling tool that 
has received much attention recently^^. The ANN devel¬ 
opments began with computer modelling of the human 
brain with a view to emulate neuron interactions. The 
universal approximation characteristic of ANN makes 
them extremely useful for applications such as on-line 
fault diagnosis, process control, process modelling, 
process and product design, trend analysis, etc. The 
ground is now ripe for wide-ranging applications. The 
ability to adapt, learn from noisy, incomplete or incon¬ 
sistent data, better filtering capacity and true multiple- 
input-multiple-output nature make them indispensable 
in modern times. In most situations in real-world appli¬ 
cations, a chemical engineer would neither have a 
formal model nor complete experimental data and ANN 
can help him greatly. Besides serving as a numerical 
modelling tool in intelligent process manipulations, 

CURRENT SCIENCE, VOL. 69, NO. 4, 25 AUGUST 1995 


when combined with symbolic information processing, 
ANN supports the expert systems and the combination 
holds very significant technological promise. 

Uncertainties abound human endeavours and associ¬ 
ated information and data are often vague. Conventional 
techniques are, therefore, less useful when it comes to 
modelling and newer tools such as ANN provide some 
hope. The theory of chaos has already pointed out that 
apparently random behaviour may, in fact, be determi¬ 
nistic. The notion of fuzziness that prevails has 
prompted the development of fuzzy models and tools 
based on fuz^ set theory and logic, and applications in 
engineering such as reliability modelling, critical-path 
optimization and fuzzy logic controls are gaining 
ground. Future developments will, therefore, be clearly 
dominated by these new emerging tools. 

Seeking solutions through new seamless science 

Chemical engineers are expected to solve problems. 
Sometimes one finds a tendency to skirt around these 
and try and model them. Consider the problem of foul¬ 
ing in polymer membrane devices. Endless number of 
papers have modelled this phenomenon. But just model¬ 
ling fouling is being a ‘part of a problem’ and not a ‘part 
of a solution’. We really need to think creatively of 
ways and means by which fouling can be prevented. The 
solutions may require again the use of most severe in¬ 
terdisciplinary science. For instance, now that we know 
how to use molecular information engineering, why not 
develop a membrane with a molecularly imprinted 
polymer? May be a smart self-cleaning surface using 
2-D imprint with an attribute of an enzyme mimic might 
do the trick! Or why not use a piezoelectric polymer 
which enables generation of mild turbulence at the 
membrane surface for a continuous cleaning action? 
However, such solutions require CE scientists with bor¬ 
derless attitude, who will go beyond the traditional 
thinking and seek solutions from other fields, and this is 
the new generation of CE scientists we will have to 
create. • 

Let me speak from a personal experience on drag re¬ 
duction. Over 2000 papers have appeared on drag re¬ 
duction under turbulent-flow conditions in polymer 
solutions. But these papers have not helped us in resolv¬ 
ing the issue of the basic limitation of these polymers, 
which arises due to their poor shear stability in turbulent 
fields. Many of us in the chemical engineering com¬ 
munity have continued to model the degradation phe¬ 
nomenon. This modelling started in the seventies and 
continues even today in the nineties^^. But have we 
solved the basic problem of generating shear-stable 
drag-reducing polymers? The only way we can solve the 
problem is by moving from the quest of ‘new analysis’ 
to new ‘synthesis’. This new synthesis has to be again 
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based on an understanding of the molecular behaviour of 
these polymers under turbulent conditions, appreciation 
of the mechanochemishy of degradation emd then finally 
designing some new synthetic strategies by using good 
contemporary chemistry. 

We recently tried to make a modest effort towards this 
and achieved at least partial success. We used the 
knowledge of polmer chain breakage developed by 
polymer physicists . Then we performed the mechanis¬ 
tic analysis of a perfectly ‘zipped’ assembly of a fully 
extended bead rod chain model of macromolecules in an 
elongational flow^^. We showed that the enhanced sta¬ 
bility of such zipped structures was a result of the distri¬ 
bution (near the chain centre) of the drag tension into . 
the two parallel ‘zipped’ chains and reduction of the 
drag force due to the enhanced hydrodynamic shielding. 
This helped us in devising quantitative guidelines for the 
optimum design of shear-stable and effective drag re¬ 
ducers. But then we needed some ideas from chemistry 
to exploit this further. The final idea was to introduce 
some chemical moieties with interacting functionalities 
on the backbone of a polymer to bring in the association 
effect. We created a shear-stable drag reducer by using 
hydrogen bonding as a tool, which led to an interpoly¬ 
mer complex formed when dilute solutions of two poly¬ 
mers bearing complementary proton-accepting and 
proton-donating functional groups were mixed’*’” 
Zipped chains of the kind shown in Figure 12 were 
formed, with the ‘zips’ occurring due to hydrogen 
bonding. Such zipped molecules were far more shear- 
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Figure 12. Design of shear-stable polymers by using hydrogen- 
bonding-mediated copolymeric structures, proton acceptor 
(containing 4-vinyl pyridine) and proton donor chains (containing 
methacrylic acid) create the staggered structures, which provide 
enhanced drag reduction”. 
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Stable and also provided 2-6 times higher levels of drag 
reduction. 

The key point is that as CE scientists we had to take 
the clues from developments in polymer physics, per¬ 
form an analysis based on a molecular model and finally 
shift to chemical synthesis of hydrogen-bonding- 
mediated systems to arrive at more effective systems. 
Remaining borderless or not shifting from ‘analysis’ to 
‘synthesis’ would not have helped us to make progress. 
Of course, it is not that we claim that the problem of 
having shear-stable polymeric drag reducers is solved - 
but at least a modest beginning has been made. 

Creating the seamless chemical engineering 
science: Some concerns 

I have spoken on seamless chemical engineering sci¬ 
ence. I have referred to how the boundaries between 
different disciplines of sciences as well as engineering 
science are vanishing today. How do we make this 
boundaryless world work though? Let me now discuss 
some of my concerns in this respect. 

First of all we all live in a world of very high speciali¬ 
zation. This automatically implies that we are continu¬ 
ously erecting our own new boundaries, creating our 
own small clubs and generating our own special lan¬ 
guage and jargon all the time. However, boundaryless- 
ness implies interconnectedness. There itself lies the 
contradiction! How do we take care of these contradic¬ 
tions? 

Another problem is that of dealing with adjacent sci¬ 
ences, where new mergers are continuously taking place 
and new territories are being continuously built. How do 
we deal with a moving target? What happens, for in¬ 
stance, when chemistry itself starts merging its bounda¬ 
ries with other disciplines, such as biology, in a 
profound way? Let me explain my worries by giving a 
specific example of the way chemists are trying to meet 
the challenge of generating and identifying biologically 
active compounds for pharmaceutical developments. 
Here, ideally, one would like to have access to an infi¬ 
nite source of compounds, encompassing the entire 
realm of structural and conformational space, that could 
be screened rapidly for individual molecules with de¬ 
sired biological properties. Chemists have now moved to 
combinatorial methods in biology and chemistry, which 
are powerful methods for generating molecular diversity 
(Figure 13). One approach, light-directed chemical 
synthesis, combines semiconductor-based photolithog¬ 
raphy technologies with solid-phase organic chemistry 
to synthesize large arrays of molecules with potential 
biological activity. A CE scientist is then confounded 
with the prospect of dealing with a phenomenon of rap¬ 
idly emerging area, where boundaries between several 
adjacent disciplines have vanished. How does he cope 
with this challenge? 
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Figure 13. The principle of combinatorial chemistry, which com¬ 
bines diverse skills and technologies. 


Then there is the problem of the language and the 
cultural barriers between different disciplines. Learning 
the language from another discipline and also teaching 
the language of CES to another discipline is not an easy 
job. Only those CE scientists who have dared to learn 
other skills and languages from adjacent disciplines will 
eventually make a mark. It also seems to me that inter¬ 
disciplinary scientists will have to be great communica¬ 
tors too. They will have to constantly exchange 
information in a ‘jargonless’ way and also pass on their 
infectious enthusiasm by communicating well. 

A CE scientist picks up tools and ideas generated in 
adjacent sciences and begins to publish papers in 
hardcore leading journals in chemical engineering. 
However, the elegance of the new tools or the sophisti¬ 
cation of the new language may be mistaken iox novelty 
and the problem solved may indeed be a trivial one. 
Many times a new tool from adjacent science, just be¬ 
cause of its glamour value, may be applied to a trivial 
CE problem, which may not require that sophistication 
at all. This is misuse of tools and should be guarded 
against. 

What are the forums for the presentation of results of 
research in interdisciplinary fields? Not many, I am 
afraid. More and more specialized clubs are mushroom¬ 
ing with little or no interaction between them. I saw 
someone make a suggestion that in a CES symposium 
dealing with an interface problem with other sciences, 
we should invite some scientists who may be able to 
give an alternative viewpoint. However, he was 
promptly turned down. Have we become too parochial? 
Will we be able to make progress if we continue this 
way? 

We have another problem of peer recognition for 
those who work in interdisciplinary areas. As someone 
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involved with the election of the Fellows of the National 
Academy of Science and National Academy of Engi¬ 
neering, I have found that engineers and scientists who 
are working on borders or trying to fuse these borders 
end up in difficulty in seeking recognition. Invariably, 
they fall between stools. Thus, somebody working in 
biomedical electronics does not get considered in either 
medical sciences or engineering sciences committees. 
Where does he go then? This is truly demotivating. The 
academies will have to recognize this problem and 
evolve special ways of solving these problems. 

Many chemical engineering departments have recog¬ 
nized today the importance of having basic scientists 
with training and research experience from non-CE ar¬ 
eas, be they in natural sciences or other branches of en¬ 
gineering. Thus, a chemical engineering department 
might employ an NMR specialist or a solid-state chem¬ 
ist. Sometimes the cultural and language barriers posed 
before these new entrants create great difficulties. A 
long time passes before they are accepted as part of the 
family. While speaking to some of them, it became clear 
to me that they also face difficulties on acceptance in 
academies or professional bodies. For instance, a 
physicist specializing in NMR in a chemical engineering 
department and applying NMR for solving problems of 
interest to chemical engineers does not get accepted as a 
Fellow of the Institute of Physics. At the same time the 
concerned Institute of Chemical Engineers also turns 
him down because it looks at his basic qualifications and 
finds that he is a non-chemical engineer! What a penalty 
to pay for working on borderline areas! Should not our 
professional bodies reexamine this and take new and 
bold approaches? 

Then there is the question of how far does an engi¬ 
neering scientist go. There are some shining examples in 
our profession. Mark Davis from Virginia Polytechnic 
was educated as a traditional chemical pngineer. He did 
his PhD in kinetics and mathematical modelling. He 
wrote a book on numerical methods for chemical engi¬ 
neers. Then he contributed to the synthesis of zeolite A 
containing a transition metal. He exploited the use of 
ESR in the study of zeolites. Finally, he succeeded in 
synthesizing zeolite VPI-5, the first 18-ring opening 
crystal, which sparked off a renaissance in zeolite syn¬ 
thesis! A CE scientist is so well endowed due to his 
training that, if he dares to learn, he can conquer many 
territories. Extending this theme, I have reconsidered 
(Figure 14) the molecular heterogeneous hexagon con¬ 
ceptualized by van Santen^*. It is clear that CE scientists 
will invade this hexagon in years to come with telling 
results! 

With the boundaries between engineering science and 
science themselves merging, some basic conflicts are 
likely to arise. What is the role of an engineer and what 
is the role of a scientist? To my mind, a scientist 
‘explores’, whereas an engineer ‘exploits’. I looked for a 
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Figure 14. Molecular heterogeneous hexagon model due to van 
Santen’*. Note the entry of CE scientists into this hexagon. 

good definition of a scientist. I found one provided by 
Sir Peter Medawar. He says: ‘A scientist is one, who 
weighs the earth and ascertains the temperature of the 
sun. He destroys matter and invents new forms of matter 
and one day he will invent new forms of life.’ Then I 
looked for a definition of an engineer and found one 
given by Eric Laithwaite. He built on Sir Peter 
Medawar’s definition and said: ‘An engineer is one who 
uses the earth and tries to capture the sun’s energy more 
effectively. He controls the rate of destruction of matter 
and tries to find alternative sources of energy and new 
materials. He invents new shapes of matter and strives to 
improve the quality of life in whatever form he finds it.’ 
The basic goals of exploration and exploitation could 
not have been spelt out more clearly. 

And that is precisely the problem that I am more con¬ 
cerned with. How does a CE scientist ensure that rather 
than getting possessed by the new tool that he has 
picked up and rather than spending all his research ca¬ 
reer on sharpening and refining this tool, does he bring 
benefit to the profession by using this tool in problem 
solving? Let me illustrate this point by going back to my 
early remarks about nonlinear dynamics and CES~ 
physics interface. 

Coupling between different nonlinear systems to bring 
about synchronization of states holds significant promise 
for future technology developments. Already, a few ex¬ 
amples of the use of these concepts have emerged. Con¬ 


sider the spectacular success in enhancing the power of 
lasers by coupling them under chaotic conditions. In 
spite of the scores of papers on deterministic chaos, why 
is it that the CE scientists have not directed their atten¬ 
tion to using this powerful technique to bring in similar 
spectacular results by, say, coupling chemical reactors? 
Here one is almost reminded of an inventor who end¬ 
lessly refines his models but shies away from making a 
start for the fear that the real thing will not fly! 

The challenges of the future will have to be met 
through both continuity and change, CES will extend 
itself, on the one hand, to the molecular focus of mi¬ 
croscale processing and, on the other, to macroscale 
integration of processes and systems. Enormous flexi¬ 
bility and bewildering breadth have been the corner¬ 
stones of CES. However, the demand for enhanced 
flexibility in our approaches will be even higher in the 
coming years. The role of a CE scientist in this regard 
will be most crucial. He will have to be both very daring 
and innovative. In order to search for new tools and 
ideas, he may have to travel to the depths of the seas, 
climb new heights of the mountains, or he may have to 
go deep into the forests. If he does not dare to learn 
from other disciplines, then he will not be able to bring 
these jewels - these new ideas. The experience is that 
whenever this has happened, the results have been re¬ 
warding. Beckett et al?^ borrowed the ‘cold extrusion’ 
idea from plastics and successfully applied it for the 
first time to milk chocolate, which is always melt- 
processed. This has opened up now endless possibilities 
of using plastics-processing techniques in chocolate 
processing. A CE scientist must not only dare to learn 
but he must also learn to dare. 

Continuous improvements are fine - but discontinui¬ 
ties in knowledge create new technologies and that 
would not happen unless he dares. And most crucially, 
unless a CE scientist is himself ‘boundaryless’ and be¬ 
lieves in seamless CES, all this will not happen. 

Let us again remind ourselves that the word ‘engineer’ 
comes from the French word ‘ingenieur’, which literally 
means ‘an ingenious one’. To my mind, our ingenuity of 
exploring the new tools of knowledge from adjacent 
disciplines is going to be the key to our success. Finally, 

I would like to repeat the inspiring inscription on the 
Lamme Medal of The Institute of Electrical and Elec¬ 
tronics Engineers, USA, which simply says: ‘The engi¬ 
neer views hopefully the hitherto unattainable.’ I firmly 
believe that it is in this new seamless world of chemical 
engineering science that the CE scientists will not only 
‘view’ the unattainable but also ‘attain’ the unattainable. 
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Many different neuroactive substances known as 
neurotransmitters, which are involved in signal 
transduction, bind to specific membrane receptors in 
the vertebrate central nervous system. Of particular 
interest are the similarities shared by the nicotinic 
acetylcholine receptor, y-aminobutyric acid receptor 
and inhibitory glycine receptor with respect to their 
pentameric structure, their neurotransmitter binding 
pockets, and colocalization with gephyrin. All three 
receptors undergo phosphorylation catalysed by pro¬ 
tein kinases A and C. The biochemical defects in re¬ 
lation to these receptors result in the clinical 
manifestation of c ertain human disorders. __ 

Recent studies have indicated that the agonist binding 
pockets of the excitatory nicotinic acetylcholine recep¬ 
tor (nAChR), the inhibitory y-amino butyric acid recep¬ 
tor subtype A (GABAaR) and the inhibitory neuronal 
glycine receptor (GlyR) are formed from conserved 
amino acid positions in the extracellular domains of the 
ligand-binding subunits. Alignment of the subunit se¬ 
quences of these three receptors shows that a motif of 
aromatic side-chains equivalent to positions 159-161 of 
GlyR al subunit is highly conserved at the homologous 
positions of the ligand-binding GABAaR and nAChR 
proteins (Figure 1). 

It has been demonstrated that the exchange of the 
aromatic residues at positions 159 and 161 of GlyR gen¬ 
erates receptors that are preferentially gated by agonists 
with longer carbon chains, such as p-alanine, taurine or 
y-amino butyric acid (GABA). Moreover, it was shown 
that the replacement of phenyl alanine at position 159 
by a tyrosine residue was sufficient to convert the GlyR 
into GABA-responsive protein'. 

Another feature indicating a close relationship be¬ 
tween nAChR, GABAaR and GlyR is the colocalization 
of gephyrin, a peripheral membrane protein, with GlyR-, 
nAChR- and GABAAR-containing areas of brain. Fur¬ 
ther, experimental results indicate that determinants of 
subunit assembly are in part located at homologous 
positions in these three ligand-gated ion channel pro- 
teins^"^. 

The main objective of the following sections is to dis¬ 
cuss the biochemistry of the ligand-gated ion channels 


(with emphasis laid on nAChR, GABAaR and GlyR), 
their modulation by phosphorylation and the defects 
underlying specific human disorders in relation ^to these 
receptors. 

The biochemistry of ligand-gated ion channels 

Ligand-gated ion channels constitute one of the two 
major classes of neurotransmitter receptors^. These are 
multimeric protein complexes; they serve to transduce 
the extracellular signals to the cell interior by acting, as 
their namR suggests, as ion channels. The binding of 
their respective ligands induces the opening of these 
channels, which are then rendered permeable to specific 
ions. They are then said to convert the chemical signal 
(ligand binding) released from one cell into an electrical 
signal (hyperpolarization or depolarization) that propa¬ 
gates along the target cell membrane. Thus, they provide 
for rapid dialogue between cells of the central nervous 
system. (This class is exemplified by the excitatory 
nAChR, the inhibitory GlyR, the inhibitory GABAaR, 
etc.). 

To date six families of ligand-gated ion channel recep¬ 
tors that mediate information in brain and neuromuscu¬ 
lar junction have been characterized at the level of their 
amino acid sequences^’”^. They are: (i) the excitatory 
nAChRs of neuromuscular and neuronal origin, which 
conduct cations; (ii) the excitatory neuronal kainate-type 
glutamate-activated channels, which conduct cations; 
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Figure 1. Alignment of partial GlyR, GABAaR and nAChR subunit 
sequences. The regions homologous to amino acids 154-166 of the 
GlyRl subunit are shown; amino acids homologous to residues 159- 
161 of the GlyRa subunit are boxed, (Based on ref 1) 
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Figure 2 . Schematic model of the topology of an idealized ligand-gated 
ion channel, a, Pontameric subunit structure viewed through an angle to 
the plane of the membrane, Schematic model representing the arrange¬ 
ment of the transmembrane domains, namely Mi, Mi, M 3 and M 4 
(depicted as smaller circles) within each subunit (the larger circles) 
around the central ion channel (based on ref 8 ). e, Membrane topology of 
an individual subunit containing transmenibrane domains M1-M4, 
viewed through the plane of the membrane. The hatched rectangle indi¬ 
cates the region of the subunit that contains the phosphorylation sites for 
various protein kinases. (Based on ref 56) 
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(iii) the excitatory neuronal serotonin receptor ( 5 -HT 3 
receptor), which also conducts cations; (iv) the inhibi¬ 
tory neuronal GlyR^ which conducts chloride; (v) the 
inhibitory neuronal GABAaR, which also conducts 
chloride; and (vi) the sarcoplasmic reticulum ryanodine 
receptor, which conducts calcium. 

These ligand-gated ion channel neurotransmitter re¬ 
ceptors are pentameric complexes of subunits which are 
integral membrane proteins arranged around a central 
aqueous pore (Figure 2a, b}^. In a given receptor, these 
subunits reveal a high degree of sequence homology^. 
The sequence identity extends to other classes of recep¬ 
tors too. The hydropathy profiles displayed by the 
subunits of different families of these receptors are 
similar, suggesting that all possess a common trans- 
membrane folding^*'*. They are, therefore, said to form 
a superfamily of ligand-gated ion chann^s. 

The minimal model for transmembrane organization 
of the subunits, which was proposed for Torpedo 
nAChR subunits** ’®, has been extended to all members 
of the superfamily*. It consists of 

(a) a hydrophilic N-terminal domain oriented towards 
the synaptic cleft and carrying the glycosylated moieties, 

(b) a compact hydrophobic region subdivided into 
three uncharged segments long enough to span the 
membranes and referred to as Mj, M2 and M3, 

(c) a hydrophilic domain oriented towards the cytosol, 
which carries the consensus site for phosphorylation, 
and 

(d) a short carboxy terminal hydrophobic transmem¬ 
brane segment denoted as M4. 

In this minimal model both the N- and C-terminals are 
oriented towards the synaptic cleft (Figure 2c)®. How¬ 
ever, this view has recently been challenged for gluta¬ 
mate receptor*’. 

The extracellular domain of each of the receptor 
subunits forms a cylindrical vestibule which extends 
above the membrane plane. The agonist binding do¬ 
mains are located on the N-terminal domain and the cy¬ 
lindrical vestibule forms the ion channel, which lies 
along the axis of pseudosymmetry of the molecule®. Ac¬ 
cordingly, the agonist site and the ion channel are to¬ 
pographically distinct. Hence, indirect or allosteric 
interactions account for the opening of the ion channels 
by their respective ligands**. 

Directed mutagenesis of the receptor subunits coupled 
with their transient expression in Xenopus oocytes has 
suggested that among the four hydrophobic putative 
membrane-spanning regions, namely Mi, M2, M3 and 
M4, primarily M2 and then Mi and M3 are most critical, 
and M 4 is the least required for ion conductance*. There¬ 
fore, each of the subunits contributes its M 2 region to 
line the inner wall of the ion channel®"®. Superimposed 
rings of charged residues bordering the M 2 regions of 
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Figure 3. The arrangement of the M 2 segments of two subunits as 
transmembrane helices, wherein the superimposed rings of amino 
acids line the lumen of the ion channel. The channel is framed by 
rings of negatively charged amino acids at both the ends; these are 
called the inner ring and the intermediate ring at the cytosolic end, 
and the outer ring at the synaptic cleft end. At a low divalent ion 
concentration, removal of negative charges at these positions reduces 
both the inward and the outward currents. The other rings (from 
N- to C-terminal end) of the M 2 segments are: threonine ring, serine 
ring, equatorial leucine ring, valine ring and outer leucine ring. 
(Based on ref. 9) 


the receptor have been shown to determine the conduc¬ 
tivity of the ion channel (Figure 3). In all the subunits, 
charged amino acids are present at both ends of M 2 . 

In fact, high channel conductance of nAChR for 
cations is due in part to the negatively charged vesti¬ 
bule. The expected net negative charge within the vesti¬ 
bule is in excess of 10 negative charges, comprised of 
31 negative and 21 positive groups. This excess nega¬ 
tive charge density results in the repulsion of anions and 
concentration of cations in the channel mouth^^. 

Significant in this regard is the fact that, GABAaR 
and GlyR, which conduct chloride ions (anions), have 
excess positive charge of about the same amount in their 
vestibular region. This suggests that charged vestibules 
may be a general mechanism of enhancing cation or an¬ 
ion selectivity^. 
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The nAChR has a subunit stoichiometry of a 2 py 8 in 
the neuromuscular junction^^, whereas it is just a 2 p 3 in 
the central nervous system and autonomic ganglia^^ 

The subunit stoichiometry of GlyR which mediates syn¬ 
aptic inhibition in brain stem and spinal cord areas of the 
central nervous system (CNS) has been established^® to be 
O 63 P 2 , but which of the six a, four p, three y, one 5 and one 
p subunits comprise the GABAaR which mediates synaptic 
inhibition in other areas of the CNS is unclear as yet^. 

GlyR (ref. 23) and GABAaR (ref. 24) have been puri¬ 
fied, and the amino acid sequence of their subunits and 
their functional expression studied^®“^^. Their subunits 
show sequence homology with each other to such an 
extent that the mutation of only two amino acids of the 
subunit of the GlyR renders it responsive to GABA^’^^. 
These subunits have significant homology with the 
nAChR subunits also, further stressing the fact that all 
three receptors have a close relationship 

The combination of ion channels expressed by a neu¬ 
ron is responsible for its unique electrical properties like 
excitability and ability to propagate action potentials. 
The permeability of these ion channels to their respec¬ 
tive ions, in addition to being regulated by membrane 
potential (in voltage-gated ion channels) and neuro¬ 
transmitters (in ligand-gated ion channels), is also al¬ 
tered by protein phosphorylation^^. 

Protein phosphorylation 

Four decades since the first report implicating it in gly¬ 
cogen metabolism, protein phosphorylation has now 
come about to be acknowledged as the most common 
posttranslational modification involved in the regulation 
of protein functions. 

Protein phosphorylation is regarded as the fundamen¬ 
tal event in most cellular processes, and especially so in 
signal transduction^^’^^. Signals impinging on cells have 
their effects amplified and disseminated by a network of 
protein phosphorylation and dephosphorylation systems; 
the enzymes catalysing these reactions are further sub¬ 
ject to control via cascades of phosphorylation and 
dephosphorylation reactions. Phosphorylation has also 
been shown to mediate many actions of the second mes¬ 
sengers. Most extracellular signals including hormones, 
growth factors, neurotransmitters, electric potential and 
components of extracellular matrix alter the state of 
phosphorylation of intracellular proteins. These extra¬ 
cellular signals modify the activities of kinases and/or 
phosphatases either directly (e.g. receptors with kinase 
activity) or via cascades of enzymatic reactions 
(e.g. receptors-G-proteins-enzyme-second-messenger- 
protein-kinase) (Figure 4)^^. Such cascades involving 
second messenger and protein kinase systems display a 
number of properties which allow amplification, inte¬ 
gration, convergence and modulation of multiple and 
simultaneous internal and external signals. 
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Figure 4. Schematic representation of some pathways by which 
extracellular signals alter protein phosphorylation in neurons. G in 
the figure indicates G (guanine nucleotide binding) protein. 


Moreover, since the properties of many enzymatic 
components of signal transduction pathways are them¬ 
selves altered by phosphorylation, the responsiveness of 
a cell to extracellular signal depends in part on the ex¬ 
tent to which its proteins are phosphorylated. In other 
words, the cell keeps track of its recent history, encoded 
in its pattern of protein phosphorylation. Thus, protein 
phosphorylation allows not only the transduction of ex¬ 
tracellular signals into the biochemical reactions inside 
the cells, but also the computation of several extracellu¬ 
lar signals and their integration oyer time. It is, there¬ 
fore, not surprising that most of the protein kinases and 
phosphatases are highly expressed in neurons, which are 
cells specialized in information processings^. 

Many proteins that are involved in synaptic function 
have been shown to be phosphorylated. These include 
proteins which play a role in neurotransmitter synthesis 
and release, voltage-gated ion channels, ligand-gated ion 
channels and G-protein-linked neurotransmitter recep¬ 
tors. The ion channels are a particularly appropriate tar¬ 
get for the modulation of synaptic transmission by 
protein phosphorylation, since they are central to the 
process of signal transduction across the postsynaptic 
membrane^’^^. 


Phosphorylation of the ligand-gated ion channels 

Nicotinic acetylcholine receptor phosphorylation 

Phosphorylation of nAChR has been extensively studied 
and documented^®’^^ One of the characteristics recorded 
for nAChR- is its desensitization. In the continued pres¬ 
ence of the agonist, the receptor rapidly fluctuates be¬ 
tween conducting and nonconducting states for several 
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hundred milliseconds and then enters a nonconducting, 
no-longer responsive desensitized state. 

A comparison of the properties of the phosphorylated 
and nonphosphorylated nAChR shows that the rate of 
desensitization is enhanced in phosphorylated nAChR^^ 
whereas the channel conductance and the mean channel 
open time are not altered. Protein kinase activators like 
cyclic adenosine monophosphate (cAMP) analogues and 
phorbol esters are also recorded to enhance the rate of 
desensitization of nAChRs in different cell lines^^”^^. 

Tyrosine phosphorylation of nAChR is known to oc¬ 
cur subsequent to innervation of muscle during devel¬ 
opment and is abolished by denervation. These findings 
establish the role of the neuron in regulating nAChR 
tyrosine phosphorylation^. 

Extracellular signals that are potential regulators of 
protein tyrosine phosphorylation have been investigated 
for their effect on* the phosphorylation of nAChR. Agrin 
and basic fibroblast grovTh factor (bFGF) are the two 
well-documented examples. Agrin is known to induce 
tyrosine phosphorylation of nAChR in cultured myo- 
tubes^^ and the bFGF receptor is known to be a tyrosine 
kinase^^. Whereas agrin mediates the nerve-induced ag¬ 
gregation of nAChR beneath the nerve terminals*, bFGF 
bound to latex beads induces nAChR cluster formation 
in the Xenopus myoblast, at the bead myoblast contact 
point. 

Drugs which inhibit tyrosine phosphorylation block 
both agrin-induced and bFGF-induced nAChR cluster¬ 
ing^*, Thus, tyrosine phosphorylation of nAChR most 
probably alters its interaction with the cytoskeleton in 
such a way as to cause the receptor immobilization, 
which results in accumulation of the receptor aggregates 
at the synaptic sites. 

Phosphorylation of nAChR by calcium-diacylglycerol- 
regulated protein kinase or protein kinase C (PKC) in 
cultured chick myotubes results in the dispersal of 
nAChR aggregates and dephosphorylation promotes 
aggregation of the receptor. Diagonally opposite results 
are observed when phosphorylation due to cAMP- 
dependent protein kinase or protein kinase A (PKA) is 
activated^^. 

All these facts suggest that phosphorylation, apart 
from enhancing the rate of desensitization of nAChR, 
also plays a vital role in its assembly and aggregation 
during synaptogenesis. 

Recently, the autoregulation of phosphorylation of 
nAChR has been reported. This reveals a novel signal 
transduction pathway whereby the nAChR may regulate 
its own functional activity through jphosphorylation'^*^. 


GABA receptor phosphorylation 

The evidence for direct modulation of GABA receptor 
function by phosphorylation is compelling. A basal-level 
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phosphoryiation appears necessary to maintain 
GABAaR function'*^ Further, kinases activated in re¬ 
sponse to intracellular second messengers have been 
shown to regulate GABAaR, resulting in a variety of 
functional effects, sometimes contradictory"^^"^. 

In different systems, for instance, PKA. activation can 
potentiate, inhibit or have no effect on the amplitude of 
the GABA-elicited currents"^^. 

Phosphorylation due to PKC has been shown to de¬ 
crease the current amplitude of some, but not all, GABA 
receptors. 

These differential effects may be due to indirect ef¬ 
fects of phosphorylation of other regulatory proteins; of 
equal importance is the fact that the functional proper¬ 
ties of a given GABA receptor depend on the subunit 
composition. Different combinations of these subunits 
render the receptor responsive to different agonists and 
to a varied extent to the same agonist/antagonist^’^^. 

Ethanol, man’s most widely used and oldest psy¬ 
choactive drug, acts by inducing the opening of 
GABAaR chloride ion channel. Recently, it has been 
reported that the alternatively spliced intracellular seg¬ 
ment of the subunit (namely, 72 ^, which has an eight 
amino acid insert), is required for the ethanol sensitivity 
in some GABA receptors. It is interesting to note that 
this intracellular segment contains a consensus PKC 
phosphorylation site"^. Hence, it is possible that phos¬ 
phorylation is involved in regulating receptor modula¬ 
tion at the ethanol-sensitive site. 

Thus, in addition to their direct effects, intracellular 
phosphorylation events may also regulate GABA recep¬ 
tor more indirectly through effects on other modulatory 
sites. 

Glycine receptor phosphorylation 

GlyR can be phosphorylated both in vitro and in vivo, in 
response to PKA or PKC activators'^^. In Xenopus oo¬ 
cytes PKC activators decrease glycine-induced currents 
while PKA modulators increase the response to glycine. 
Although such data do not provide evidence for the ac¬ 
tual phosphoryiation of glycine receptor channels in the 
oocytes, the results obtained in intact spinal cord cells 
are consistent with a direct effect of phosphorylation in 
receptor function. 

Given the variety of neurotransmitters, neuropeptides 
and growth factors known to regulate the intracellular 
activities of these two protein kinases, the fact that they 
modulate GlyR gives rise to intriguing possibilities, es¬ 
pecially in the glycinergic neurotransmission in the spi¬ 
nal cord"^^. The dual mechanism of regulation by PKA 
and PKC modulators provides a sensitive instrument for 
the integrated modulation of the receptor by other extra¬ 
cellular messengers acting on the same neuron. This 
includes the previous, simultaneous or subsequent acti¬ 


vation of a variety of G-protein-coupled receptors 
known to cause changes in cAMP or diacyl glycerol 
levels, which would further lead to changes in the sub¬ 
sequent neuronal response to glycine. 

GlyR phosphorylation may prove to be a common 
mechanism by which the inhibitory action of glycine is 
regulated. This possibility is appealing, especially in 
case of pain transmission neurons. Two neurotransmit¬ 
ters, namely 5-hydroxytryptamine and noradrenaline, 
have important roles in the control of pain transmission 
at medulla and spinal levels. They are also known to 
alter the cAMP levels in target cells through their spe¬ 
cific receptors. Thus, their observed effects may be me¬ 
diated through the cAMP-dependent potentiation of 
inhibitory glycinergic transmission. Therefore, although 
further investigation is necessary, GlyR phosphorylation 
represents an attractive mechanism for the supraspinal 
regulation of some spinal cord processes. The integra¬ 
tion of such cross-talking mechanisms of the neuronal 
membrane level accounts for transient and long-term 
changes in the efficacy of synaptic transmission, thus 
contributmg to synaptic plasticity. 

The defects underlying human disorders related to 
the neuroreceptors nAChR, GABAaR and GlyR 

nAChR 

Myasthenia gravis (MG) is a neuromuscular disorder 
characterized by weakness and fatigability of skeletal 
muscles. The underlying defect is a decrease in the 
number of available nAChRs at the neuromuscular junc¬ 
tions, due to an antibody-mediated autoimmune attack. 
Anti-nAChR antibodies cause accelerated destruction 
and the functional impairment of nAChR and failure of 
neuromuscular transmission. These antibodies act by 
three distinct mechanisms: 

1. nAChR may be degraded at an accelerated rate by a 
mechanism involving crosslinking of the receptors. 

2. The site in nAChR that normally binds acetyl cho¬ 
line may be blocked by the antibodies. 

3. The postsynaptic muscle membrane may be dam¬ 
aged by the antibody in collaboration with the comple¬ 
ment. 

Thymus plays a role in the process of manifestation of 
autoimmunity. Muscle-like cells within the thymus, 
called myoid cells, bear nAChR-like protein on their 
surface. This acetylcholine-receptor-like protein is a 
glycoprotein, binds a-bungarotoxin irreversibly and has 
strong structural similarities with muscle nAChR. Its 
molecular weight, isoelectric point and amino acid com¬ 
position are all very similar to those of nAChR found in 
mammalian muscle and the fish electroplax. This protein 
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most probably serves as^ the source of auto^antigeu and 
triggers the- autoimmune' reaction within the thymus 

GABAaK 

Epilepsies are a group of disorders characterized by 
chronic, recurrent: paroxysmal changes in the neurologi¬ 
cal function caused by abnormalities in the electrical 
activity in the brain.,, Each episode- of neurological dys¬ 
function is ealled a seizure. Seizures, may be convulsive 
when they are accompanied by motor manifestations or 
other changes in neurological function^^. 

Current thinking awards GA,BAergic mechanisms a 
central role- in the pathogenesis and treatment of epi¬ 
lepsy., The strongest evidence for a role of GABA in 
epilepsy is the fact that the pharmacological enhance- 
memt of GABAergic function produces antiepileptic ef¬ 
fect Several anticonvulsant' drugs, including 
barbiturates and benzodiazepines, enhance GABA ac¬ 
tion at its primary sites, namely .the GABA- 
benzodiazepine chloride ion channel complex^^. 

GABA agonists: are predominantly inhibitory and an¬ 
tiepileptic, whereas GABA antagonists produce sei¬ 
zures. Experimental agents that inhibit the breakdown of 
GABA are also predominantly antiepileptic. 

Additional confirmation of the importance of GA,BA 
in epilepsy comes from analysis of neurotransmitter 
markers from animal mode,ls of acquired a'ud genetic 
epilepsy. Pathological analysis of brain tissue from epi- 
ieptic patients using positron emission tomography ind,i- 
cates either abnormalities in or the loss of GABA/ 
benzodiazepine receptors^'l 

GhR 

Reduced glycinergic inh,ibitio!i caused by subconvulsive 
.3iTyc,hniii,e, poison-iiig results in muscular hypertonia, 
he^ghceried reflex 'e:xc’itability and, an exaggerated re¬ 
sponse to sensory stimuii. These symptoms are simitar 
to ficse of the a!j,tosoma,l dominant neuroiogical d,isor- 
ier cZiied st3:,rtle disease,, a,lso known as hyperekplexia 
cr kok's disease. This disorder is characterized by a 
n'.arked muscular liypertonia in infancy, and an exag¬ 
gerated startle response to unexpected sensory stimuli 
persistent in aduliaood. Sudden jerking of limbs, or oc- 
casiooafy o-f trunk i3i,uscles, is, observed; sudden noise 
e.r touch'may cause the subject to jump or to fling an, 
extremity:. 

More recen-tly, point mutations in the gene encoding 
the siibupJt of the glycine receptor have been identified 
in startle disease pedigrees. These mutations map to 
arginine 271 located at the extracellular margin of the 
ci^nnel-lioing M 2 region. In startle pedigrees the ar¬ 
ginine 271 is replaced by an uncharged amino acid 
leucine or glutamine^'^.. 


Site-directed: mutagenesis of the GlyR c,DNA, coupled, 
with their expression in mammalian, 293 ceils and their 
further studies^ using patch clamp technique have led to 
the discovery that the startle disease'mutations cause no 
major- alterations in. ion permeation through- GlyR, bu't, 
rather dramatically reduce the receptor's: agonist sensi¬ 
tivity. This, finding, in additio-n to explaining the startle 
disease phenotype, identifies an unexpected structural 
determinant of the GlyR function. 

This apart, analysis of other startle disease mutations 
may provide further important insights into, the mecha¬ 
nisms of activation of the ligand-gated ion, channel re¬ 
ceptor superfamily. 

Interestingly, startle response (abnormally e,n:hanced 
startle response- to acoustic stimuli) is also observed as, 
one of-the manifestations in the calcium calmodulin 
kinase 11 (CaMkil) mutant mice developed, by Silva 
et ai^^. The startle response is not observed in the wild- 
type mice, which have intact CaMKIL Whether there is 
any relationship between the startle response d'ue to de¬ 
fective GlyR and that due to the absence of -CaMKII, 
and if yes, the question as. to-- what is, its nature, has to be 
addressed in future. 
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On the usefulness of quantum chemical bond 
order as a local reaction path indicator: 

The case study of a model carbonyl 
addition reaction^ 
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The idea of using quantum chemical bond order 
(BO) as a local reaction path indicator proposed 
earlier with reference to ABC BCA type of iso¬ 
merization processes is explored further with refer¬ 
ence to model carbonyl addition reactions, e.g. 
H 2 CO + H-Cl ^ H 2 CCI-OH and H2C0H'^ + H- 
Cl CICH 2 OH + H**". In each case the reaction is 
viewed as a superposition of elementary chemical 
events, some representing bond making and some 
bond breaking processes, respectively. Altogether 
four bonds are involved in the model. The active 
bond order profile in each case is marked by a sharp 
inflexion signalling the onset of a critical process, viz. 
bond breaking or bond making. An extended bond 
energy bond order description of the addition of HCl 
to the >C=0 moiety is suggested and tested numeri¬ 
cally. The semilocal description is seen to model the 
approximate reaction path well and predict the ac¬ 
tive portion of the transition state structure fairly 
successfully. The local RP modelling is also seen to 
predict changeover in the mechanism of the reaction 
when conditions are altered by protonating the car- 
bonyl group. The origin of the observed BO inflex¬ 
ions is sought to be correlated with Fermi 
correlation. 


Chemical reactions involve breaking and making of 
bonds. These processes take place gradually along a 
certain path, the so-called reaction path (RP). The usual 
indicator of this path is energy and the abstraction of RP 
in theory is a curving, parabolic potential energy chan¬ 
nel stretching from the reactants to the product valley on 
the potential energy surface (PES). The top of the path 
defines the so-called saddle point, the activation barrier 
and the structure of the associated transition state. 
Energy is, however, a global parameter of the 
entire system while intuitive visualization of a 
chemical reaction in terms of breaking and making of 


tBased on a lecture delivered by SPB in the 1993 mid-year meeting 
of the Indian Academy of Sciences, Bangalore. 
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specific bonds relies on a more iocaT description. An 
essential ingredient of this pictTire is the assumption that 
the bonds being broken or formed are the ‘active’ or 
‘important’ bonds while the other bonds are more or less 
‘spectator like’ or ‘passive’ and do not play any decisive 
role in shaping at least the gross or dominant features of 
the RP. 

In the recent years a number of reports dealing with 
the existence of inflexion points in reactive valence or 
bond order (BO) profiles have appearedIt has also 
been conjectured that such an inflexion point in BO 
profile may even coincide with or be close to the saddle 
point on the reaction path"^’ The present communica¬ 
tion explores the utility of these concepts further with 
the specific case of a prototypical carbonyl addition re¬ 
action which can be described in terms of a four-bond 
process. It is also shown that by isolating the active 
bonds and making use of the appropriate bond order 
conservation conditions, an extended bond energy bond 
order (EBEBO) description of the active portion of the 
transition state geometry can be arrived at and the 
minimum energy reaction path (MERP) constructed. 
Although the discussion that follows concerns a reaction 
in particular, the observations are quite general or fur¬ 
ther generalizable. It enhances the scope of applicability 
of the local description to much more^ complex systems. 

Carbonyl addition reaction 

Addition of nucleophiles to carbonyl centres is a very 
fundamental process in organochemical and biochemical 
reactions. Common examples include hydrolysis of es¬ 
ters and amides, aldol condensation and numerous reac¬ 
tions of prganometallic reagents and ylides^“^. Analysis 
of experimental results on these reactions has led to the 
following Bac^ mechanism for these processes 

X 0 “ 

X + ^C=0 ^ \ -^ Products 
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Results of gas phase experiments have shown that esters 
undergo competitive proton transfer, eliminations ^and 
reactions in favour of Bag' processes’ . This Bag 
mechanism has also been found to be operative for the 
gas phase additions to acyl halides . Analysis of the 
kinetic results has led to the conclusion that the reac¬ 
tions in the gas phase feature a douMe-well potential 
surface with the tetrahedral species as a transition state 
and ion-dipole complexes as minima. Using crystallo¬ 
graphic data for various nucleophilic groups interacting 
with different carbonyl centres, Burgi and Dunitz were 
able to propose likely pathways for the approach of the 
nucleophile. Using SCF-LCAO-MO calculations on 
the model addition reaction of hydride ion to formalde¬ 
hyde, the same authors found no energy maxima in the 
potential energy profile. In a recent ab initio study on 
the addition of hydroxide ion to formaldehyde, Madura 
and Jorgensen’^, using a basis set containing diffuse 
functions, found a small local maxima in the energy 
profile of the reaction. Bayly and Grein further con¬ 
firmed that the reaction profiles for these addition reac¬ 
tions might be described adequately by adding diffuse 
functions to the basis set. 

With this background in view, our purpose in the pre¬ 
sent communication has been to explore the possibility 
of (a) describing a simple carbonyl addition reaction 
quantitatively in tenns of a rather local concept like 
variation of bond order, (b) constructing an extended 
bond energy bond order (semilocal) description of a 
process involving four active bonds, (c) using the local 
picture for predicting changeover in reaction mecha¬ 
nism, if any, when reaction conditions are altered, and 
(d) checking the validity of a regional or local hardness 
extremization principle proposed recently. The specific 
definition of bond order we choose to employ is due to 
Mayer’’. The advantage of this quantity lies in its rela¬ 
tive insensitivity to changes in the size of the basis set 
employed’*. Irrespective of whether one is working in an 
ab initio or a semiempirical framework, the computed 
bond order index, which is a bond multiplicity index, 
turns out to be close to 1 for a single bond, 2 for a dou¬ 
ble bond, and so on. However, the minor method or ba¬ 
sis dependence can be tackled by using renormalized 
BOs (see later). We have employed the standard AMI 
method of Dewar and Thiel'® with the hope of extend¬ 
ing the present study, if useful, to reactions of different 
types involving much larger systems. 

Method 

The potential energy surface (PBS) for the gas phase 
reactions studied in this paper has been computed by the 
standard AMI Fletcher-Powell technique. For each 
point on the PES complete optimization of all geometri¬ 
cal parameters has been carried out. Bond orders have 
been calculated for each pair of atoms for all the rele¬ 


vant points on the RP. The generalized bond order (%x) 
between a pair of atoms (X and F) is given by” 

fieX v&Y v&Y 

0 ) 

where the one-electron densiU matrix (p) m AG basis 
has been partitioned into D and D®. D is the part of the 
one-electron density due to the core or the doubly oc¬ 
cupied orbitals and D® represents that due to singly oc¬ 
cupied orbitals. At the AMI or MNDO level of 
approximation, S = 1 and for closed shell systems 
D® = 0, leading to corresponding simplifications in the 
expression for Bxy which now becomes identical with 
Wiberg’s bond order^°. 

Results and discussion 

Addition of HCl to H 2 CO in the gas phase: a local ver¬ 
sus global description 

The gas phase reaction between formaldehyde and hy¬ 
drogen chloride may be schematically represented as 
follows; 

>C=0 + HCl =^=^TS =^=^H — C — OH 

H Cl 

We have explored two different pathways (schemes A 
and B in Figure l) for the reaction, each passing through 
a separate transition state [TS(A)/TS(B)]. In scheme A, 
the HCl molecule has been assumed to approach the 
carbonyl group laterally, leading to a four-centered 
transition state [TS(A)] as in Figure 1. In scheme B, the 
HCl molecule is assumed to approach the nucleophilic 
centre in a plane perpendicular to the plane containing 
the >C=0 group, leading to a transition state [TS(B)il as 
in Figure 1. In both the cases the reaction coordinate 
(RC) involves a predominant participation of the effec¬ 
tive C..C1 and 0..H distances. However, scheme B turns 
out to be inappropriate as it fails to lead to any well- 
defined TS or to product. In schente A, on the other 
hand, we find that the reaction proceeds through a well- 
defined TS characterized by the structure [TS(A)] 
shown in Figure 1. This TS has been located by varying 
the >C..C1 and O..H distances (r, and rF) in a preset grid 
while all other geometrical parameters for each pair of 
values of r\ and ro have been fully optimized by the 
Fletcher-Rowell technique. 

The energy profile along the reaction path is depicted 
in Figure 2 a. The location of the TS corresponds to ;a 
value of the path coordinate (PC) = 0.76. At 

this point on the RP, ri (=/'c, .gi) = 2.19 A, 
(=|'o..h)= 1-34 A, rc. o=l-30A and rH..a= L63A 
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Figure 1. Reaction schemes (A and B) for the addition of HCl to H 2 CO and optimized transition state geome¬ 
try [TS(A)] for the lateral approach of HCl to the formaldehyde molecule. 


(see Figure 1). Since the reaction scheme involves 
breaking of the H-Ci and p(C-O) bonds, respectively, 
and formation of a C . . Cl and an O..H bond, we desig¬ 
nate them as ‘active bonds’. A local model of the reac¬ 
tion should, therefore, be able to describe the process 
mainly in terms of quantities related to these four bonds 
only. 

Figures 2 b and c display variations in H-Cl and 0-~H 
bond orders, respectively, as they change along RP, 
while Figure 3 a exhibits variations in the p bond order 
of the C-~0 bond as a function of the path coordinate. 
Variation in C-Cl bond order along the RP is also 
shown in the same figure (Figure 3 b). It is clearly seen 
that each of the H~C1, C-Cl, C-O and 0-H BO profiles 
reveals the occurrence of a definite and rather sharp 
point of inflexion. The C~C1 separation at the corre¬ 
sponding BO inflexion point is 2.19 A, the H~C1 length 
is 1.63 A , the C-0 length is 1.30 A and the 0-H sepa¬ 
ration is 1.34 A. If we compare these lengths with the 
bond length in the TS obtained by energy optimization 

CURRENT SCIENCE, VOL. 69, NO. 4, 25 AUGUST 1995 


route (i.e. by adopting a scheme of global RP analysis), 
we find that H-Cl, C-Cl, C~0 and 0-H bond lengths at 
the corresponding inflexion points match rather nicely 
with the corresponding bond lengths already found for 
the TS structure located on the given energy hypersur- 
face. 

It may be noted that the reaction in scheme A involves 
participation of four atoms (C, O, Cl and H). It would be 
of interest, therefore, to examine whether the total 
bonding capacity of the ‘active atoms’ is conserved 
along the MEP. We have, therefore, plotted the sum of 
the computed bond orders of the p(C-O), C-Cl, 0-H 
and H-Cl bond (Figure 3 c) of the four relevant atoms 
along the RP. It is interesting to note that the so-called 
principle'of bond order conservation (PBOC) advocated 
by Lendvay^ appears to remain only approximately valid 
in this particular reaction in regions appreciably away 
from the critical region surrounding the saddle point. 
Around the saddle point, the active BO sum is not con¬ 
served. On the other hand, it passes through a minimum. 
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Figure 2. a. Energy profile in gas phase for formaldehyde +HC1 
reaction (scheme A): b, HCl bond order profile; c, O..H bond order 
profile along the RP. 

It has recently been shown that this behaviour of the 
active BO sum could amount to a local or regional soft¬ 
ness or hardness extremization principle^^ The saddle 
point, and the inflexion points in the BO profiles of the 
reaction under consideration occur almost at the same 
value of the path coordinate, viz PC = 0.76. The BO 
profiles of Figure 2 and 3, therefore, tend to suggest that 
the H-Cl, 7i:(C-"0), C-Cl and 0-H bonds are each asso¬ 
ciated with a critical process occurring in the course of 
the reaction. They are then the active bonds. It would be 
worthwhile, therefore, to map the corresponding energy 



Figure 3. The BO profiles of: a, the FI (C-0) bond and b, the C-Cl 
bond along the reaction path for the gas phase addition of HCl to 
H 2 CO. c. The extent of validity of the active BO sum conservation is 
shown for the carbonyl addition reaction. 






. 






Figure 4. Energy contour as a function of O..H and C..C1 bond 
lengths for the formaldehyde +HC1 reaction in the gas phase and the 
three-dimensional plot of the interaction energy. The transition state 
(x) on the reaction path (marked by the dotted line). 


changes on the plane defined by the bond lengths of a 
pair of the active bonds, say C-Cl and 0~H bonds. We 
have studied the reactive P^S in three dimensions (two 
of these are the C-Cl (rO and O-H (ra) bond lengths) 
and mapped its contour on the (ri, ri) plane. The energy 
map in two dimensions and the plot in three dimensions 
are displayed in Figure 4. The ‘reaction path’ has been 
marked on the contour map by a dotted line and the 
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Figure 5. Schematic representation of: a, lateral and b, orthogonal 
approach of HCl to the protonated formaldehyde. 
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location of the TS by a cross (x) which corresponds to q 
ri = 2.19 A and r 2 = 1.34 A. These values match well pQ 
with those obtained from the points of inflexion on the 
BO profiles. The gas phase reaction is exoenergic by a 
small amount (5.34 kcal/mol) and the activation barrier 
turns out be « 48.0 kcal/mol. 



Gas phase addition of HCl to H 2 COH^: local de¬ 
scription of mechanistic changeover 

How would protonation of formaldehyde affect the 
course of addition of HCl to the carbonyl group? One 
can anticipate a drastic change in Ae mechanism since 
the addition of a proton would (i) severely distort the k 
electron distribution within the carbonyl moiety and (ii) 
create positive charge density on all atoms in the mole- g 
cule. As expected, our calculations reveal the inappro- ^ 
priateness of the lateral approach, which fails to initiate 
the reaction (Figure 5 a). Initial search showed that the ^ 
HCl molecule would prefer to approach the protonated ® 
>C=0 group in a plane orthogonal to the plane contain¬ 
ing the carbonyl group (Figure 5 a) with the Cl end 
pointing towards the carbonyl carbon atom. Figures 6 a 

Figure 6. a, C~C1 bond order profile as a function of C..CI bond 
distance; b, H~C1 BO profile as a function of H-Cl distance; c, sum 
of C-Cl and H-CI BOs along the RP in the' HCl + HaCOH^ 
reaction. 
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and b present the H-Cl and C-Cl bond order profiles 
along the reaction path. These BO profiles, the active 
BO profiles, once again enable us to have a local de¬ 
scription of the reaction in terms of elementary chemical 
events. It is interesting to note that the inflexion point in 
the BO profile of the H-Cl bond corresponds to an H-Cl 
distance of 2.75 A when the C-Cl distance iS about 
2.25 A. This C-Cl distance is much too large for any 
significant extent of C-Cl bond formation to have taken 
place. The inflexion point on the BO profile of the C-Cl 
bond itself, however, occurs only at a much shorter C— 
Cl length (rc-ci = 2.08 A) indicating that the C-Cl bond 
formation takes place much later. In other words, the 
breaking of the H-Cl bond does not synchronize with 
the formation of the C-Cl bond. Obviously, this tends to 
suggest that the sum of H-Cl and C-Cl BOs is not con¬ 
served, a feature that is clearly seen to be true from 
Figure 6 c. 

One can contemplate, therefore, that the mechanism of 
addition of HCl to HzCOH"" could be fundamentally dif¬ 
ferent from the mechanism established for the addition 
of HCl to unprotonated H 2 CO. If the two asynchronous 
inflexion points, one rather early and the other late, ob¬ 
served in the H-Cl and C-Cl BO profiles, respectively, 
can be assumed to be associated with the physical proc¬ 
ess of bond breaking or making, one would be tempted to 
think that the addition of HCl to HaCOH"^ must be: a^two- 
step process. The H-Cl bond breaks first producing H* and 
Cr, the latter then attacking the carbon atom of the >C=0- 
H^ group with the formation of chloromethanol. The entire 
process may be schematically represented as follows: 

H2CO + H^ HaCOH^ 

HCl -4 H'" -I- cr, 

Cr + HaCOH^^ClCHaOH. 

The inflexion that occurs in the C-Cl BO profile as Cl 
attacks HaCOH"^ is not very sharp, indicating that the 
associated energy profile also would be relatively fea¬ 
tureless. Figure 7 a shows the energy profile for the first 
step when HCl approaches the carbonyl carbon atom of 
the protonated formaldehyde in an orthogonal plane. A 
small h um p appears followed by a monotonic decrease 
in the total energy. The location of the hump corre¬ 
sponds to /"c-ci “ 2.20 A and th-ci = 2.80 A, so that it 
may be taken to correspond to the breaking of the 
H-Cl bond, essentially corroborating what has already 
been revealed clearly by the bond order profiles. Fig¬ 
ure 7 b represents energy profile for the second step of 
the reaction, in which chloride anion produced in the 
first step attacks the carbon atom of the HaCOH^ moiety 
and formation of C—Cl bond of the product 
chloromethanol takes place. This step has been simu¬ 
lated by first determining the minimum-energy ground 
state geometry of HaCOH^ and bringing in a chloride 
ion (Cr) from a large distance. The net charge of the 


<D 


u 

a 


o 
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Figure 7. a. Energy profile for the orthogonal approach of HCl to the 
protonated formaldehyde. The RC essentially represents the H-Cl 
bond length, b. Energy profile for the orthogonal approach of Cl' ion 
to the carbonyl carbon of protonated formaldehyde. The RC essen¬ 
tially represents the C-Cl bond length. 

combined system has been kept zero and the entire sys¬ 
tem has been allowed to relax at each C-Cl distance. 
The energy decreases monotonically as chloromethanol 
is formed, without encountering any activation barrier. The 
first step, viz. the breaking up of HCl into H"^ and Cl must, 
therefore, be the rate-determining step in the addition of 
HCl' to HaCOH"^. Relevant kinetic data are, however, un¬ 
available to confirm this scenario experimentally. Similar 
behaviour has been noted for the addition of H—X 
(A'= Cl, Br, CN, etc.) to the >C=0 moiety, in general. The 
details will be presented elsewhere. 

A BEBO description of the TS in the carbonyl ad¬ 
dition reactions 

One wonders at this point whether some kind of energy- 
based description of the carbonyl addition reaction is 
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feasible within the local model. In other* words, how 
could we transcribe the local picture in terms of the BO 
profiles of active bonds into a semilocal energy-based 
picture? A possible recipe that immediately comes to 
mind is the BEBO model of Johnston and Parr^^’^ 
which has been extensively used fairly successfully in 
studying atom transfer reactions^^"^^ of the type 
A + BC AB + C. These reactions basically involve 
the active bond and the BEBO theory works well. In the 
present case, however, the basic model needs to be ex¬ 
tended. Considering the four active bonds, viz. H-Cl, 
C-Cl, 7 i(C“ 0 ) and 0-H, and the corresponding bond 
orders, the sum of which is constrained to remain con¬ 
served along the reaction path, we have the following 
BEBO function for monitoring the energy changes dur¬ 
ing the reaction. 

V = ”T)§ci'^HC 1 “■ ^CCl^CCl ” ^n(CO)K(CO) ^ ^oh'^oh* 

In short-hand notation, we may write (with 

^CC\ == 1^2 » ^S(CO) = ^3 ^OH = 


V = -£)?nf - D^nl - - DS«| 

(2) 

where 


«i + na + «3 + «4 = 2 ; 

(3) 


p, q, r and s are, parameters and in general, is the 
energy of the A~B bond of unit order. Using the active 
BO sum conservation constraint (3) to eliminate n 4 , we 
have 

V = ~£)f/if - - 03/13 - d 5 {2 - (/ij - 1-/22 (4) 

As the TS, we have 

5/1, ~5/22 “5/13 

This leads us to a set of three coupled, non-linear equa¬ 
tions: 

-p Z),^/if''^ *+■ 5 {2 - (/I, -f /I 2 + / 23 )}*^'"^ = 0, 

-q + 5 D4O {2 - («1 + «2 + «3)}'-' = 0, (6) 

-r D^nl-^ + s {2 - (n, + «2 + « 3 )}"-* = 0, 

and the BO conservation condition, which demands that 
/ 2 l /22 + /I 3 + = 2 . 

For p = <7 = r = S' = 2 , the equations in ( 6 ) are linear and 

can be solved together with /24 = 2 - (/ii -i- /12 + For 

other values of p, q, r, s equations ( 6 ) are to be solved 
iteratively. We have adopted a steepest descent (ascent) 
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Table 1. Comparison of the active bond lengths in the TS of the gas 
phase reaction H 2 CO + HC1-* CICH 2 OH computed by the EBEBO 
model and the AMI method 


Method 


/“HCI (A) 

reel (A) 

roH (A) 

reo (A) 


p=zq=r=s 

1.470 

1.907 

1.120 

1.318 


=2 





EBEBO 

P^q=r=s 

=3 

1.470 

1.930 

1.162 

1.321 


p=iq=:r=s 

1.465 

1.935 

1.156 

1.323 

AMI 

M 

1.493 

2.000 

1.211 

1.346 


type of technique to solve the equations in ( 6 ) for 
p, r, However, the TS BOs are found to be only 
weakly dependent on the p, q, r, s values. Our experi¬ 
ence so far indicates that p = ^ = r = s’ = 2 is a good 
choice. The BO values obtained by solving equations 
( 6 ) provide an approximate estimatS of the active Bos in 
the TS. Using Pauling’s bond length bond order rela¬ 
tionship, rjB = - <^AB nAB, the active bond lengths 

in the TS can also be calculated. The active bond 
lengths in the TS computed by our EBEBO recipe for 
(i) pzzqz=r = s=^2, (ii) p = q = r = s = 3, (iii) 
p = ^ = r = .s = 4are reported in Table 1 along with their 
corresponding values obtained from TS BOs predicted 
by the global energy-based analysis of the RP at the 
AMI level of approximation (standard bond energy data 
have been used). We must mention here that Pauling’s 
relation assumes tliat r^B corresponds to the length of the 
A-B bond with BO = 1. However, frequently, the MO cal¬ 
culations predict equilibrium BOs of the A-B bonds that 
are different from 1. In such cases, one can use a renormal¬ 
ized Pauling bond length bond order relation: 

^AB - ^AB ^^(^AB ^ ^^AB )> 

where /ij^^is the computed bond order at the equilibrium 
intemuclear separation {r%). The most important point 
to note is that it is the rate of change of BOs of different 
active bonds along the RP that dominantly determines 
where the critical point is going to be located. The abso¬ 
lute values of BOs are thus unimportant, rendering 
renormalized BOs useful and effective. Attempts have 
been made to improve the bond length bond order rela¬ 
tion further by making dependent on the value of 
Agmon’s proposal to take 
bfrl, invariably leads to further improvement. But in 
the present study, we have not used renormalized 
Pauling’s relation or Agmons’s improvement on it. 
When this is done, the agreement between extended 
BEBO and AMI results could improve further. The val¬ 
ues predicted by the EBEBO model do not fare too 
badly compared to values obtained from standard en¬ 
ergy-based reaction path analysis. The V function of 
equation ( 2 ) can be used to generate energy surface or 
contour maps either in the BO space or in the intemu- 
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clear distance space. They are very much like the one de¬ 
scribed already and are, therefore, not reproduced here. 

The origin of BO inflexions 

We have already seen that only a few bonds are charac¬ 
terized by inflexions in their BO profiles along a given 
reaction path. That is, a reaction system appears to dis¬ 
criminate between two sets of BO variables, viz,, the 
active and the inactive ones. The active BO variables 
are characterized by sharp inflexions along the reaction 
path. Why does it happen? It is clear that the BO inflex¬ 
ions occur over a rather short range. It will not be too 
speculative to assume, therefore, that forces responsible 
for the observed behaviour of the active BO profiles 
during a reaction must be changing rapidly over a rather 
short range. A clue to the nature of these forces may be 
hidden in the statistical interpretation of BO. 

The chemical bond between a pair of atoms has been 
traditionally interpreted in terms of a build-up of elec¬ 
tron density in the region (the bond region) between the 
two atoms. Customarily, therefore, the first-order den¬ 
sity p] or quantities related to or obtainable from p\ 
have been used for describing chemical bonds. A de¬ 
scription based on pi cannot, however, reflect the 
‘electron pair’ character of the most commonly encoun¬ 
tered bonds. The second-order density matrix (P 2 ) is a 
more natural and logical candidate for analysing chemi¬ 
cal bonds. The bond order index used by us is due to 
Mayerand has been shown to be related to the nor¬ 
malization of the diatomic exchange part of the second- 
order reduced electron density (p 2 ). For a single deter¬ 
minant representable state, p 2 is factorizable and the 
bond order can then be expressed in terms of pi. For 
such a state it has been shown^^ that 

^AB = -2 {{qAh )-(4a) ih >}. (7) 

where and qg are the LCAO atomic charge density 
operators for the atoms A and B, respectively, q^ and 
qjj are defined by 

fl€A ■ 

( 8 ) 

= S 

veB 

where and 0“ are the ‘creation’ and the corresponding 
‘true-annihilation’ operators corresponding to the spin or- 
bital on atom .4. xl and <i>y are defined accordingly for 
atom B. These operators satisfy the following relation: 

iX^ ^fiV (9) 

It can be shown that the right-hand side of equation (7) 
is related to the density-density correlation function 
Cab, defined as 


^AB ~ A “ A )) (^B ~'(^B )))> (10) 

which immediately leads to the identification 

^AB-~^^AB, ( 11 ) 

Now, qA'~{^A) measures the fluctuations of electron 
density on atom A and qj^ -‘{qs) ^1^® same on atom B. 
Cab in equation ( 10 ), therefore, represents the correla¬ 
tion between the fluctuations of the local electron den¬ 
sities on atoms A and B, The BO between two atoms A 
and B (Bab) which we are monitoring is, therefore, twice 
Cab (with sign reversed) and measures the correlation 
between these localized charge fluctuations. The force 
responsible for this correlation could be Fermi correla¬ 
tion only, as Coulomb correlation is absent in single 
determinant description of a state. At this stage a com¬ 
ment on the range of Fermi correlation would be in or¬ 
der, It has been shown by Cooper and Paunder^^ that the 
range of Fermi correlation appears to be somewhat 
longer than that of Coulomb correlation, contradicting 
observations made earlier by Boyd and Coulson^® and 
also by Benesch and Smith^^ However, the definition of 
Fermi correlation used by Cooper and Paunder is differ¬ 
ent. But even in the study made by Cooper and Paunder, 
the maximum and the most rapid change in Fermi corre¬ 
lation occurs over a rather short range and so Fermi cor¬ 
relation would abruptly decrease as a bond is stretched 
beyond the effective range of correlation as the system 
moves along a given RP. If two atoms are brought closer 
by such a motion, new correlations develop between 
charge fluctuations on the atoms involved and we may 
note an equally abrupt growth of a particular BO. It may 
be possible to propose another model to explain the ob¬ 
served behaviour of the active BO profiles based on 
orbital crossings and Walsh diagrams. But we have pre¬ 
ferred to adhere to the explanation based on Fermi cor¬ 
relation in order to be consistent with the statistical 
interpretation, of BO. 

Conclusions 

Study of quantum chemical BO profiles may be quite 
helpful in visualizing the course of a chemical reaction. 
The BO inflexions provide us with a local view of a re¬ 
action involving the breaking and making of a number 
of bonds. We have been able to demonstrate the viabil¬ 
ity of an EBEBO description of a reaction involving up 
to a maximum of four active bonds. This brings quite a 
large variety of reactions under the ambit of our EBEBO 
model. They include (i) addition to >C=C<, (ii) ABC o 
BCA isomerization, (iii) cyclopropyL ^ allyl'^rearr- 
angement, (iv) reverse 1,3 dipole addition in tetra-aza 
cyclopentadienes, (v) intramolecular proton transfer in 
formamidene, (vi) 1,3 H shift, (vii) Cope rearrangement, 
etc. Many more reactions are being studied to assess the 
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overall applicability of the local model in studying 
chemical reactions. 
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High-temperature tolerance of Petunia and 
Nicotiana pollen 
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High-temperature tolerance of the pollen of Petunia 
hybrida L. and Nicotiana syivestris L. was investi¬ 
gated by treating dry pollen to temperatures of up to 
75°C for 6-48 h and by studying their viability (by 
fiuorochromatic reaction (FCR) test), vigour (by a 
semi-vivo method), and their ability to set fruits and 
seeds. In Petunia, temperatures of up to 60°C 
for 48 h did not affect pollen viability, vigour 
and their fruit- and seed-setting ability. A tempera¬ 
ture of 75°C for 24 h reduced pollen viability and 
vigour, but fruit- and seed-setting ability existed. 


However, a 75°C exposure for 48 h proved lethal 
for Petunia pollen. In Nicotiana, pollen exposed to 
temperatures of up to 75°C for 6-12 h were able to 
set seed. With a longer exposure the majority of pol¬ 
len were FCR-positive, but they were unable to set 
seed. These results show that pollen grains of Petunia 
and Nicotiana can withstand exposures of tempera¬ 
tures as high as 7S°C and retain pollen function. 
This study also indicates that FCR test may not re¬ 
flect true viability in pollen subjected to extreme 
stresses. 


’For correspondence. 
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In general, the activity of most metabolizing cells and 
tissues is best maintained within a moderate temperature 
range. Extreme low or high temperatures are detrimental 
to the activity or survival of most cells. Many plant cells 
respond to heat stress by the synthesis of heat shock 
proteins^ However, desiccated systems such as seeds 
can withstand a high degree of temperature ranged Pol¬ 
len grains are also desiccated systems and show many 
physiological similarities to seeds^. The tolerance of 
pollen grains to low temperatures is well documented in 
studies on their storage under low and ultralow tempera- 
tures'*’^ In contrast, much less is known of the high- 
temperature tolerance of pollen grains. 

Earlier studies on high-temperature stress of pollen 
were restricted to examining the viability or in vitro 
germinability of treated pollen^’^. However, the effects 
of high temperatures on pollen function, i.e. pollen vig¬ 
our and the ability of stressed pollen to induce fruit and 
seed set were not examined. Elsewhere, we have shown 
that Brassica juncea exposed to 75®C for 24 h 

failed to germinate on the stigma and were unable to 
induce seed set^. 

In this paper we report on the viability, vigour and 
fruit- and seed-setting ability of Petunia hybrida and 
Nicotiana sylvestris pollen subjected to high tempera¬ 
tures of 45~75°C. 

Materials and methods 

Plants of?, hybrida L. grown under field conditions and 
of N. sylvestris L. grown under glasshouse conditions 
were used for investigations. Pollen grains from freshly 
dehisced anthers were uniformly spread on microslides, 
kept in dry Petri plates, and exposed to different tem¬ 
peratures: laboratory (22 ± 2°G), 45 ± 2°C, 60 ± 2C° 
and 75 ± 2°C, for various durations. After the treatment, 
pollen samples were tested for viability, vigour and their 
ability to set fruits and seeds. 

Pollen viability was assessed by the fluorochromatic 
reaction (FCR) test as described by Heslop-Harrison and 
Heslop-Harrison^. Pollen grains were either used di¬ 
rectly after the treatment or after prehydration of 30 min 
under high humidity by placing the samples in Petri 
plates lined with moist filter paper. Each treatment was 
repeated at least two times with two replicates each 
time. For each replicate at least 300 pollen grains were 
scored for the FCR test. Test of significance was per¬ 
formed by the group comparison test'®. 

Pollen vigour was tested by the semi-vivo method"’'^ 
Flower buds were emasculated before anthesis and pol¬ 
linated on the day of anthesis with pollen exposed to 
different temperatures. Three hours after pollination, 
1.0 cm of the style along with the stigma was cut with a 
sharp blade, and the cut end implanted in the pollen 
germination medium (sucrose 10% +boric acid 
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100 mg/1 + calcium nitrate 300 mg/1 + 0.8% agar) set in 
Petri plates. The cut ends of styles were observed under 
a stereomicroscope at regular intervals to record the 
time of pollen tube emergence and the number of tubes 
emerged. In one experiment, pollen tubes emerging from 
cut ends of styles were stained with DAPI (4',6- 
diamidino-2-phenylindole), a j3 NA fluorochrome'^, to 
examine the division of the generative cell. 

In vivo pollen germination and pollen tube growth was 
checked in pistils after 3-48 h of pollination. Pistils 
were fixed in FAA (formaliniglacial acetic acid: 70% 
ethanol; 5:5:90 v/v) for 24 h, cleared in 4N NaOH 
overnight, and mounted in a drop of 0.005% decolour¬ 
ized aniline blue (Gurr) (in 0.05 M Na 2 HP 04 at pH 8.2). 
Pollen tube growth was examined in a Zeiss/Nikon fluo¬ 
rescent microscope. 

Moisture loss in pollen grains was determined in 
100 mg pollen samples. Pollen grains were placed in 
preweighed aluminium cups, and the samples maintained 
at different temperature conditions. After 24 and 48 h, 
pollen grains were weighed and the loss in weight was 
recorded as the loss of moisture content. 

Pollen grains from all treatments were used for polli¬ 
nation of emasculated and bagged flowers to determine 
their ability to set fruit and seed. The flowers were re¬ 
bagged after pollination. The mature fruits were har¬ 
vested and the fruit size (diameter), weight of seeds per 
fruit, and the weight of 100 seeds of each treatment were 
recorded. 

Results 

Petunia hybrida 
Moisture loss 

There was no detectable loss of water in pollen samples 
maintained under laboratory conditions for 24 or 48 h, 
in comparison to fresh pollen (control). However, pollen 
exposed to 45 or 60°C temperature for 24 or 48 h re¬ 
sulted in approximately 5% water loss. An exposure of 
75°C for 24 or 48 h caused an 8% water loss in pollen, 
and there was no further loss in pollen exposed for 48 h. 

Pollen viability 

Pollen viability was expressed as percentage FCR re¬ 
sponse. Exposures of 60°C for 24 h (Figure la) and 
45°C for 48 h (Figure 1 b) reduced the FCR values in 
comparison to fresh pollen (control) or lab conditions. 
However, 30 min prehydration of pollen restored the 
FCR score to the control level. Temperatures of 75°C 
for 24 h (Figure 1 a) and 60°C for 48 h (Figure 1 6) re¬ 
duced significantly the percentage FCR response, and 
prehydration at these temperatures was not effective in 
restoring the FCR score. Pollen grains exposed to 75°C 
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Figure 1. FCR response of P. hybrida pollen treated for 24 h (a) and 
48 h (b) at different temperatures tested directly and after 30 min of 
prehydration. The values indicated by (**) are significantly different 
from the control (fresh pollen) at P < 0.01 level. 

for 48 h failed to show the typical FCR fluorescence 
(Figure 1 b)\ they mostly showed dull fluorescence, al¬ 
though strong background fluorescence was observed in 
the medium. 

Pollen vigour 

The vigour of pollen grains, i.e. the time taken by pollen 
tube to travel through the style, was analysed using the 
semi-vivo method. The mean number of pollen tubes 
that emerged from the cut end of pistil varied depending 
on the temperature and duration of the treatment. In 
pollen exposed to 75°C for 24 h there was a marked de¬ 
lay in pollen tube emergence; no pollen tubes emerged 
for 20 h, there was some emergence by 24 h, and by 
48 h the number of tubes emerged was less than one-half 
of that in the other treatments (Figure 2 a). In pollen 
grains exposed to 60°C for 48 h, there was reduction in 
the number of tubes emerging during the first 
20 h; however, by 24 h the number was comparable 
to the control (Figure 2 b). There was no pollen tube 
emergence in pollen grains exposed to 75°C for 48 h 
(Figure 2 b). 

Pollen tubes that emerged from styles were stained 
with DAPI to check the presence of sperm cells. In the 
control as well as in the treatments where pollen tubes 
emerged, two sperm cells were observed. 

Pollen tube growth studies performed in vivo were in 
agreement with those of the semi-vivo method. The 
pistils pollinated with control pollen and with pollen 
treated for up to 60°C for 24 h showed high germination 
in 3 h, and a large number of pollen tubes reached the 
ovary in 24 h. However, pistils pollinated with pollen 
exposed to 75°C for 24 h showed very few germinating 
pollen in 3 h, and by 48 h only a few pollen tubes had 
reached the ovary. Pollen tubes of 75°C-treated pollen 
had a thick wall and the tube growth was not uniform 
compared to other treatments. 
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Figure 2. Mean number of pollen tubes ot P. hybrida emerging from 
semi-vivo implanted pistils pollinated with pollen exposed to differ¬ 
ent temperatures for 24 h {a) and 48 h {b), and incubated for 16- 
48 h. Pollen tube number was counted up to 100; it was not possible 
to count accurately beyond 100. 

Fruit- and seed-setting ability 

The fruit- and seed-setting ability of high-temperature- 
treated pollen showed that pollen grains treated for up to 
60°C for 24 or 48 h were as effective (90% fruit set) as 
fresh pollen. Also, the size (diameter) of fruits was not 
affected in these treatments (Figure 3 a). Pollen exposed 
to 75°C for 24 h were also effective in inducing fruit set 
although fruit-set was observed in only 70% of polli¬ 
nated pistils, and the fruit size was also reduced (Figure 
3 a). The weight of seeds produced in a fruit was, inter¬ 
estingly, more in 45°C (both 24 and 48 h treatments) 
and in 60°C for 24 h, in comparison to the control 
(Figure 3 b), but it was reduced in the 75°C treatment 
(Figure 3 b). There was no difference in the weight of 
100 seeds produced in most treatments. However, in 
75°C (24 h) treatment, there was an increase in the 
weight of 100 seeds (Figure 3 c). 

In one experiment 45 and 60°C treatments were ex¬ 
tended to 5 days. There was no apparent effect on the 
fruit- and seed-setting ability of 45°C-treated pollen. 
However, the 60°C treatment reduced both the fruit size 
and the seed weight per fruit. 

Nicotiana sylvestris 

Preliminary experiments with N. sylvestris pollen 
showed that high temperatures of up to 60°C for 48 h 
had no adverse effect on pollen function. Therefore, 
studies on Nicotiana were largely confined to 75°C 
treatments for 6-48 h. » 

The pollen viability tests showed that over 50% of 
pollen exposed to 75°C for 24 h, were FCR-positive, in 
comparison to approximately 20% for Petunia. Expo¬ 
sures longer than 24 h were, however, lethal to Nico¬ 
tiana pollen. 

Pollen vigour tests by the semi-vivo method showed 
that in control more than 100 pollen tubes emerged in 
20 h. In contrast, pollen exposed to 75°C for 12 h took 
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temperature treatment (°C) 

Figure 3. Fruit and seed characteristics obtained after pollination 
with pollen samples of P. hybrida exposed to different temperatures 
for 24 and 48 h: {a) fruit diameter; {b) average weight of seeds per 
fruit; and (c) average weight of 100 seeds. (*) and (**) are signifi¬ 
cant at P < 0.05 and P < 0.01 probability level, respectively, as com¬ 
pared to control (fresh pollen). 


48-50 h for tube emergence and in those treated for 24 h 
there was no tube emergence even by 50 h. Fluorescence 
studies of pistils 50 h after pollination with pollen 
treated to 75for 24 h revealed germination of only 
50-100 pollen grains on the stigma. Of these, only about 
20-30 tubes entered the style and 5-10 tubes ap¬ 
proached the cut ends of the style. 

Fruit and seed sets were obtained with pollen 
treated at 75°C for 6 h and were comparable to the con¬ 
trol (fresh pollen). However, pollen treated for 12 h 
yielded fruits in only 60% of pollinated flowers and the 
size of fruits and the number of seeds per fruit were 
markedly reduced (data not given). Pollen samples ex¬ 
posed to 75°C for 24 and 48 h failed to set fruit and 
seed. 


The results presented here have shown that pollen grains 
of Petunia hybrida and Nicotiana sylvestris are able to 
withstand a high temperature stress of up to 75°C, albeit 
for short periods, and retain not only the viability but 
also the ability to set fruits and seeds. However, the 
15°C treatment reduces pollen vigour; treated pollen 
take much longer time to germinate and for the pollen 
tubes to reach the ovary. The reduction in the size of 
fhiits and weight of seeds/firuit by 75°C (24 h) treatment 
in Petunia may be attributed to the fewer number of 
pollen tubes reaching the ovary before the ovules lose 
receptivity. However, there was a small increase in the 
weight of 100 seeds for this treatment. This may be ex¬ 
plained on the basis of reduced competition among the 
fertilized ovules for nutrients. 

FCR test is generally considered as the best available 
method to assess pollen viability (ability to effect fer¬ 
tilization) Our earlier studies^^ on pollen subjected 
to moderate stresses highlighted the limitation of the 
FCR test in assessing pollen vigour although it did re¬ 
flect viability. Our studies on heat-treated pollen of 
Brassica^ indicated that the extent of retention of fluo¬ 
rescence may give a better indication of pollen function 
than initial fluorescence. Present studies clearly show 
that the FCR test does not necessarily reflect true vi¬ 
ability or vigour in pollen subjected to extreme stresses. 
Over 50% of Nicotiana pollen treated at 75°C for 24 h, 
were FCR-positive, but failed to effect fertilization. The 
pistils pollinated with such pollen showed germination 
of only 50-100 pollen on the stigma and growth of only 
5-10 tubes in the style even after 50 h of pollination. 
Thus, the result of the FCR test on stressed pollen needs 
to be used with caution. 

Previous studies on high-temperature tolerance of 
pollen were limited to a few taxa and were confined 
largely to in vitro germination tests. Pollen of lily, apple 
and rose showed^ 50% germinability when exposed to 
70°C for 4-8 h. A small proportion of Eucalyptus rho- 
dantha pollen retained^ in vitro germinability after ex¬ 
posure to 70°C for 24 h. 

Our earlier studies on B, juncea^ showed that expo¬ 
sure of pollen to 60°C for up to 24 h did not affect pol¬ 
len viability and their ability to set fruits and seeds. 
However, pollen exposure to 75°C even for 4h failed to 
germinate either in vitro or in vivo. The pollen of lily, 
apple and rose^. Eucalyptus^, and Petunia and Nicotiana 
(present studies) are all two-celled pollen systems, and 
seem to be more tolerant to high-temperature stress than 
the pollen of B. Juncea^, a three-celled system. Although 
high-temperature tolerance of no other three-celled pol¬ 
len system, to our knowledge, has been investigated, this 
difference is in line with a range of other physiological 
differences between two- and three-celled pollen sys- 
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Heat tolerance of E. rhodantha pollen has been sug¬ 
gested to be an adaptation to the harsh semi-arid condi¬ 
tions prevailing in the natural habitat of the species 
(Western Australia), in which pollen grains are likely to 
remain exposed to prolonged heat and desiccation be¬ 
fore pollination*^. The authors suggested that similar heat 
tolerance is likely to be present in other species adapted 
for the same type of harsh environment as of E. rhodan¬ 
tha, The present investigation on Petunia and Nicotiana, 
and the earlier studies on lily, apple and rose^, the spe¬ 
cies which grow under moderate or temperate condi¬ 
tions, have shown that high-temperature tolerance in all 
these species is comparable, to that of E rhodantha. 
Thus, pollen grains in general and two-celled pollen -in 
particular shown high-temperature tolerance, which is 
likely to be related to low moisture level present in most 
of the pollen systems. Small differences in the degree of 
tolerance between species may reflect the differences in 
the ability of the pollen protoplasts and membranes to 
withstand extreme desiccation associated with high tem¬ 
peratures. 

Studies on pollen grains of some of the cereals such as 
wheat and.maize also show that a low moisture level is 
an essential requirement for high-temperature tolerance. 
Pollen of cereal§, unlike the pollen of a majority of taxa, 
are shed under more hydrated conditions'^; such pollen 
lose their ability to effect fertilization even under 
moderately high temperature stress of 40°C for 4 h 
(ref 21). 

Extensive studies have been carried out on the toler¬ 
ance of actively metabolizing organisms at supraoptimal 
temperatures^’^^. Evidence indicates that the accumula¬ 
tion of metabolites such as proline and betain may pro¬ 
vide thermal protection to several enzymes^^. It. is 
suggested that proline might stabilize protein configura¬ 
tion by maintaining hydration shells around the mole^ 
cules. Pollen grains in general are rich in proline^ In 
Petunia pollen, free proline accounts for 2.6% of dry 
weight^"^. Zhang and Croes^^ reported that proline pro¬ 
tected germination and metabolic function of Lilium 
pollen from unfavourably high and low temperatures. 
Further studies are, however, needed to understand the 
biochemical basis of thermotolerance in pollen grains. It 
has been shown that some heat shock proteins are ex¬ 
pressed in developing seeds^^ and pollen grains^^. These 
may also play a role in heat tolerance of desiccated pol¬ 
len grains. 
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Enhanced giant magnetoresistance 

in magnetic/nonmagnetic 

Lai -xMnOs _ s oxide multilayers 

S. Sundar Manoharan, K. M. Satyalakshmi*, 

V. Prasad^, S. V. Subramanyam^ aod M. S. Hegde^ 

Solid State and Structural Chemistry Unit, ^Department of Metal¬ 
lurgy, ^Di^partment of Physics, Indian Institute of Science, Bangalore 
560 012, India 

Over 80% negative giant magnetoresistance (GMR) 
is observed in the self doped Lao.7Mn3>5 oxide thin 
film in a magnetic field of 6 Tesla at 225 K. 
LaojMna ^ s (magnetic)/Lao. 8 sMn 03 (nonmagnetic) 
oxide multilayers showed a higher GMR effect up to 
89% at 225 K compared to the single Lao. 7 Mn 3„5 
oxide films. The results demonstrate that the large 
GMR observed in the doped manganates is inherent 
to the oxide material whereas the enhanced GMR to 
the extent of 6-10% in the multilayers compared to 
the parent magnetic film is due to the coupling of 
magnetoresistance in the parallel magnetic oxide lay- 
ers separated by nonmagnetic oxide layers as in 
(Fe/Cr);, multilayer metal film. 

Giant magnetoresistance (GMR) is defined by the ratio 
(R//-Ro)/Ro, where Rh and Rq are the resistances in 
presence and absence of a magnetic field. GMR effect 
was first observed in the single crystals of 
Lao.62Pbo.38Mn03^ Over 50% negative GMR was re¬ 
ported by Baibich et al? in (Fe/Cr)^ magnetic/ 
nonmagnetic metal multilayers. Presently, there is a tre¬ 
mendous interest in the study of GMR effect because, 
large variation in the resistance in the presence and ab¬ 
sence of a magnetic field can have direct application as 
the ‘readhead’ for magnetic recording systems. Obser¬ 
vation of over 50% GMR in the epitaxial thin films of 
Lao.67Bao.33Mn03 oxide thin films^ at 300 K triggered 
the interest on this subject, Lai_:cM;cMn 03 (M = Ca, Sr, 
Pb)"^ thin films showed large GMR effects. 

LaMnOs is an antiferromagnetic oxide possessing or¬ 
thorhombic structure. It is possible to synthesize lantha¬ 
num deficient Lai_;cMn 03 with 18-20% Mn ions in the 
4+ state. These compounds crystallize in a rhombohe- 
dral structure and exhibit a paramagnetic to ferromag¬ 
netic transition, coupled with insulator to metal 
transition, when samples are cooled below 300 K. We 
have recently observed over 80% GMR in 5% Ag-doped 
LaojMnOs^^thin films at 220 K. 

Although large GMR effect is observed in the doped 
manganates, it is not yet clear whether the mechanism of 
GMR operating in these oxide films is the same as in the 
(Fe/Cr)„ multilayer metal films. In order to gain further 


^For correspondence. 


insight into the mechanism of GMR we considered it 
worthwhile to fabricate Lao.TMnOs _ 5 (magnetic)/ 
Lao.gsMnOs-^ (nonmagnetic) oxide multilayers since 
they are structurally compatible. We report, in this pa¬ 
per, the first fabrication of magnetic/nonmagnetic oxide 
multilayers by pulsed laser deposition and show an en¬ 
hanced GMR effect in the oxide multilayers compared 
to the parent LaojMnOs _ s magnetic oxide thin films. 

Bulk samples of nominal composition LaojMnOs.^ 
and Lao.gfMnOs _ § were prepared by heating stoi¬ 
chiometric amounts of La 203 and MnCOs at 1050°C in 
air. These oxides in bulk did show ferromagnetic transi¬ 
tion at 220 and 240 K, respectively. However, when the 
films of these materials were made by pulsed laser 
deposition, they did not show metallic transition. The 
discrepancy in the properties of the bulk solid and the 
thin films was attributed to oxygen deficiency. In order 
to overcome the oxygen out-diffusion in the thin films, 
5% Ag20 was added to the Lao.TMnOs _ s which was used 
as the laser target. Silver is known to enhance epitaxial 
growth of YBa 2 Cu 307_5 films in addition to bringing in 
extra oxygen during pulsed laser deposition^. Ag ion is 
not known to substitute for any ion in Lai_xMn 03 . The 
films grown with 5% Ag20 showed metallic conductiv¬ 
ity below 220 K. Films made out of Lao.gsMnOs _ ^ pellet 
(without addition of Ag 20 ) showed a semiconducting 
behaviour which is employed as the nonmagnetic oxide 
layer in this study. 

Thin films of LaojMnOs _ 5 with 5% Ag 20 (Ag-MNO) 
and Lao.gsMnOs _ s (LMO) without Ag 20 were deposited 
separately on LaA 103 (1 0 0 ) substrate by pulsed laser 
deposition at 720°C in 300 mtorr O 2 . Superlattices of 
(Ag-LMO/LMO) 2 o were also deposited on LaAlOs 
(10 0) substrate. Ag-LMO and LMO were deposited 
alternatively using a multitarget holder with 60 and 12 
laser pulses, respectively, at a (KrF 248 nm) laser pulse 
energy density of 2 J/cm^. From the thicknesses of Ag- 
LMO and LMO films prepared separately, estimated 
layer thicknesses in the multilayer are 100 A and 20 A, 
respectively, for Ag-LMO and LMO. X-ray diffraction 
pattern of the multilayer film given in Figure 1 shows 
highly textured growth in (1 0 0) direction on LaAlOs 
with pseudocubic a = 3.88 A agreeing well with the ob¬ 
served a parameter of the bulk Lai -;cMn 03 _ 5 . Ag-LMO 
as well as LMO films also showed a similar oriented 
growth. Superlattice reflections were not seen in the 
form of satellite peaks adjacent to (1 0 0 ) or (2 0 0 ) re¬ 
flections of LMO possibly because La^"^ and oxygen de¬ 
fects are randomly distributed. 

Resistivity measured by four point probe method at 
zero field for a 2500 A thick epitaxial film of Ag-LMO, 
LMO and (Ag-LMO/LMO) 2 o multilayer are shown in 
Figure 2. Sharp change in the slope is observed in the p 
vs T curve, for the Ag-LMO and the multilayer films. 
The LMO film showed a semiconducting behaviour. 
Room temperature resistivity of Ag-LMO and LMO 
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Figure 1. X-ray diffraction pattern of (Ag-Lao, 7 Mn 03 _, 
Lao H 5 Mn 03 .Oao multilayer thin film. 



Figure 2. Resistivity vs temperature plots of (A) Ag-Lao. 7 Mn 03 -, 
(B) Lao.gsMnOa _ s and (C) (Ag-Lao. 7 Mn 03 - j/Lao.gjMnOa - ^>20 multi¬ 
layer films on LaAlOa (100). 


films were in the range of 60-70 mQ cm. Metal to insu¬ 
lator transition temperature, Tc in the multilayer film is 
about 235 K and that in the single Ag- Lao. 7 Mn 03 _, 
film is 225 K. The higher resistivity of the multilayer 
film above 220 K can be accounted for in terms of addi¬ 
tion of resistances of the Ag-Lao, 7 Mn 03 _, and 
Lao.gjMn 03 _, films in series. Below the transition tem¬ 
perature the metallic resistivity of Ag-LMO dominates 
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Figure 3. Variation of magnetoresistance AR/Ro as a function of 
magnetic field at 225 K for (A) Ag-Lao. 7 Mn 03 . j film with H per¬ 
pendicular to the film; (B). (Ag-Lao.TMnOs. j/Lao.sjMnOa.(C) 
Film in B parallel to the field H. Inset shows variation in GMR with 
temperature at 6 T for Ag-LMO film (□) and multilayer film (■) 


and resistivity of the film is essentially a parallel combi¬ 
nation of the two oxide layers. 

In Figure 3 are shown the percentage AR/Rq vs mag¬ 
netic field, plots for the parent Ag-LMO (A) and (Ag- 
LMO/LMO) 2 o (B) multilayer films at 225 K. The meas¬ 
urements were made with H parallel and perpendicular 
to the film surface. In the case of the parent Ag-LMO 
film, about 80% GMR is obtained at 6T and there was 
no difference in the GMR values whether H was parallel 
or perpendicular to the film surface. A similar isotropic 
GMR effect is reported in all the doped lanthanum man- 
ganate films^”^. An enhanced GMR effect is observed in 
the (Ag-LMO/LMO) 2 o film by about 6-10% compared 
to the parent Ag-LMO. Further, when the H was parallel 
to the surface, GMR value was higher by 3% compared 
to when H was perpendicular (curve C). Anisotropic 
GMR effect was observed in the case of (Fe/Cr)„ metal¬ 
lic multilayer film as well. In the inset, GMR vs T plots 
for the parent and multilayer films measured at 6 T 
parallel to the film surface is shown demonstrating the 
enhanced GMR effect in the multilayer films. 

The pseudocubic cell of doped manganates in general 
consists of Mn 02 magnetic layers separated by a non¬ 
magnetic La-0 or La(M)-0 (M = divalent ion) oxide 
layers. As the temperature is decreased, ferromagnetic 
order sets in the Mn02 layer due to Zener double ex¬ 
change mechanism of electron transfer in ,the Mn^'^'-O- 
Mn'*'^ chains in all the three directions and resistivity 
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decreases^’Alternatively, when a magnetic field is 
applied externally at a given temperature, ferromagnetic 
order is induced in the Mn 02 layers leading to a de¬ 
crease in resistance. In the self doped Lao. 7 Mn 03 _i, the 
pronounced GMR effect is attributed to La^'*’ and 
vacancies which form the scattering centers for the con¬ 
ducting electrons, thereby increasing the resistivity. 
Applied magnetic field seems to provide sufficient acti¬ 
vation energy for the alignment of spins to overcome the 
additional scattering of conducting electrons. 

In the case of multilayer, we propose that there are 
two factors contributing to the total GMR. The first one 
is the decrease in the resistances of individual magnetic 
oxide layers as in the single Ag-LMO film. This value is 
about 80% at 6T. The second factor is the parallel 
combination of resistances of the individual magnetic 
oxide layers separated by the non-magnetic spacer layer. 
This is about 8-10% thus giving 89% GMR at 6T in the 
(Ag-LMO/LMO) 2 o- The secondary contribution seems 
to arise from the spin dependent scattering of the con¬ 
duction electrons at the interface between the ferromag¬ 
netic oxide and the nonmagnetic oxide. The order of 
magnitude of the secondary contribution to the total 
GMR is about 8-10% which is about the same as that of 
magnetic/nonmagnetic metal multilayers such as 
(Co/Cu),. 

In conclusion, we have shown for the first time, a su¬ 
perlattice sequence of magnetic/nonmagnetic oxide 
multilayer, mimicking the (Fe/Cr)„ superlattices, show¬ 
ing an enhanced GMR compared to the GMR observed 


in the parent magnetic oxide thin films. We have also 
shown an anisotropic behaviour in the multilayer oxide 
films compared to an isotropic behaviour in lanthanum 
manganate thin films, 
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Physiobiochemical aspects of 
development of hardseededness in 
Albizia lebbek 
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HNB Garhwal University, Srinagar Garhwal 246 174, India 

Seeds of Albizia lebbek exhibit dormancy due to hard 
seeded coat. Seed development was studied in this 
species to determine whether the induction of hard¬ 
seededness precedes or succeeds the attainment of 
physiological maturity and also whether the hard¬ 
seededness is an inherent character of the seed or 
can be escaped by harvesting seeds before its induc¬ 
tion. The seeds attained physiological maturity at 
approximately 230 DAA accompanied by acquisition 
of germinability. This phase was characterized by 
rapid accumulation of starch, soluble carbohydrates, 
proteins and chlorophyll. The onset of'hardseeded¬ 
ness followed, proceeding gradually until 270 DAA 
and then increased rapidly. While the soluble carbo- 
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hydrates and chlorophyll contents declined during 
this period, the starch and proteins showed an in¬ 
crease. Hardseededness in these seeds seems to be 
their inherent character as it not only occurred in 
seeds attached to the parent plant but also in seeds in 
storage, although considerably delayed in the latter 
case. 

Delayed germination of seeds due to hard seed coats is 
a comnion characteristic. of many leguminous seeds. 
Albizia lebbek (L.) Willd. is one such multipurpose tree 
species in which hardseededness poses a practical 
problem for germination of its seeds. The occurrence of 
hardseededness in some seeds indicates that the prevail¬ 
ing environment during seed development plays a sig¬ 
nificant role in developing a hard seed coat^"^. However, 
information is lacking on the germinability and perform¬ 
ance of seeds harvested prior to induction of haiidseed- 
edness. Thus, the present investigation was undertaken 
to determine whetW seeds attain germinability before 
the induction of hardseededness, and if so, whether 
hardseededness could be escaped by harvesting seeds 
before its induction. 
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Table 1. The physiobiochemical changes and germination in the seeds of A. lebbek during development (Mean ± SE) 


Stage 

(DAA) 

Pod fr 

Wt (g) 

Seed wt. (mg) 

Seed 

Chi a+b Sol.sug Starch Sol. prot. 

Percentage germination after storage (months)* 

Fresh 

Dry 

MC 

mg/g fresh weight) 


0 

1 

2 

3 

4 

5 

M, (150) 

7.28 

39.39 

7.58 

80.92 

0.163 

32.52 

10.33 

53.99 









±1.38 

±0.27 

±0.17 

± 0.001 

±0.08 

±0.005 

±1.53 







M 2 (170) 

7.25 

154.81 

32.87 

78.79 

0.154 

39.80 

23.46 

76.05 









±4.45 

±0.94 

±0.18 

± 0.002 

±1.42 

± 0.21 

4:1.43 







M 3 (190) 

8.37 

231.99 

68.72 

70.39 

0.143 

33.42 

115.81 

127.66 

80.00 








±5.05 

±1.78 

±0.37 

± 0.01 

± 0.68 

± 3.43 

±1.17 







M 4 ( 210 ) 

6.42 

272.86 

93.13 

65.91 

0.283 

39.28 

195.71 

177.77 

100.00 








±12.74 

±4.76 

±0.31 

±0.004 

±0.38 

±13.01 

±1.18 







M 5 (230) 

3.85 

177.01 

89.50 

49.37 

0.032 

75.39 

191.93 

241.67 

94.67 

85.00 

81.67 

88.33 

75.00 

10.00 



±5.12 

±2.59 

±0.81 

± 0.002 

±9.33 

±13.62 

±6.35 







M 6 (250) 

3.89 

134.38 

80.76 

39.75 

0.081 

55.17 

125.87 

255.24 

87.00 

77.33 

ND 

_ 

_ 

_ 



±3.27 

±2.44 

±1.78 

± 0.002 

±5.19 

±16.40 

±1.15 







Mt (270) 

3.57 

112.59 

82.91 

26.22 

0.027 

56.81 

163.94 

288.81 

85.33 

81.33 

65.33 

60.00 

60.00 

21.66 



±1.87 

±1.91 

±0.67 

±0.0003 

±3.09 

±4.80 

±9.49 







Mh (290) 

3.67 

111.09 

85.79 

22.81 

0.029 

50.63 

174.60 

355.55 

65.00 

55.00 

35.00 

13.33 

8.33 

0.00 



±1.29 

±1.53 

± 0.68 

± 0.001 

± 1.68 

±5.82 

±1.16 







My (310) 

2.95 

117.18 

99.96 

14.80 

0.030 

58.96 

210.01 

339.01 

0.00 

0.00 

11.67 

10.00 

10.00 

10.00 



±2.84 

±3.27 

±0.98 

±0.0005 

±3.79 

±12.50 

±24.25 








DAA - Days after anthesis. 

ND - Not determined due to accidental loss of seeds. 

* - These data represent percentage germination without any treatment. After hot water treatment the germination ranged from 90 to 100%. 


The study was undertaken in two subsequent years 
1991-1992 and 1992-1993. Careful monitoring of pod 
and seed development was done beginning at the full- 
bloom stage and commencing 150 days after anthesis 
(DAA) when seeds were still minute in size but yet eas¬ 
ily separable from the pod. The observations on the de¬ 
velopment of pod and seeds of A. lebbek revealed that 
development of seeds was delayed until pods had at¬ 
tained almost full growth, after which seeds began to 
develop rapidly. It required 150 days from anthesis for 
pods to reach this stage. Thus, pods of A. lebbek were 
collected from a natural stand at Srinagar Garhwal 
(550 m altitude) at 20-day intervals beginning 150 DAA 
and continuing until 310 DAA when pods reached a dry 
stage and started shedding. Stages were identified as 
Ml, M 2 , M 3 310 DAA. Following each harvest, ten ran¬ 
domly chosen pods were analysed for their weight, size 
and colour. Fifty pods were dissected to liberate their 
seeds, which were mixed together and analysed for their 
weight, moisture content, biochemical analyses, germi¬ 
nation and storability. 

The moisture content of ten randomly chosen seeds 
was determined by drying them at 80®C for 48 h in an 
electric oven, after first determining their fresh weight, 
and calculating by the formulae given by Evans^ For 
germination, seeds were kept in three sets, each set 
containing 50 seeds, on the top of Whatman no. 1 filter 
paper in Petri dishes of 9 cm diameter and moistened 
daily with distilled water. Petri dishes were placed at 
room temperature, which varied between 17 and 24°C 
during the course of study. Daily observations were 


made for monitoring the germination (radical emer¬ 
gence) up to 30 days after sowing. To test the germin- 
ability of hard seeds, the seeds were soaked in hot water 
before placing them for germination. To study the 
changes in composition during maturation, the contents 
of chlorophyll, soluble sugars, starch and soluble pro¬ 
teins in freshly harvested seeds were determined. For 
chlorophyll determination Holm’s^ method, for carbo¬ 
hydrates the Anthrone method^ and for soluble protein 
estimation the method given by Lowry et al^ were used. 

As mentioned above, development of seed was de¬ 
layed until pods attained almost full growth, which took 
150 days after anthesis. Pod growth continued for an 
additional 40 days (M 3 stage) and subsequently ceased, 
after which the fresh weight of pods started declining 
(Table 1). In contrast, the fresh weight and dry weight of 
seeds increased progressively for 60 days until 
210 DAA (M4 stage), and subsequently a significant 
decline in seed fresh weight was recorded, which 
reached less than 50% of its maximum fresh weight at 
the time of seed shedding. However, after reaching a 
maximum on 210 DAA, the dry weight decreased 
slightly, which was not statistically significant except in 
the last stage. The moisture content of the seed started 
declining 170 DAA, first slowly and then very rapidly. 
Moisture content declined to 50% at 230 DAA, finally 
reaching 14.8% on 310 DAA. Maximum pod length and 
breadth were attained between 170 and 190 DAA; there¬ 
after, while the length remained static, the breadth dis¬ 
played gradual attenuation. The pod, however, exhibited 
a series of colour changes from green up to 230 DAA, 
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Table 2. Coefficient of correlation between various parameters 
studied during seed development in A. lebbek (n- 10 in each case) 



Days after anthesis 

Seed dry weight 

Starch 

0.792**** 

0.969***** 

Sugar 

0.650** 

0.624* 

Protein 

0.985***** 

0.822**** 


Levels of significance. 

p = 0A*,p = 0.05**, p = 0.0l****,p = 0.001*****. 


then greenish yellow between 230 and 270 DAA, and 
finally a dark yellow. 

The chlorophyll content was 0.283 mg g~^ until 
210 DAA. Thereafter, it declined to 0.030 mg g'^ fr. wt 
at the time of pod shedding. Contrary to this, the soluble 
sugar content, starch and soluble proteins increased 
during seed development. Statistical analysis of the data 
shows a positive and highly significant correlation in 
biochemical constituents and seed development 
(Table 2). While a decrease was observed for carbohy¬ 
drates at the maximum seed weight stage, soluble pro¬ 
tein content continued to increase until the second last 
stage. During this period of seed development, a re¬ 
markable increase in all biochemical constituents was 
recorded during the early phase, i.e. between 150 and 
230 DAA. It was during this period that seed attained 
maximum fresh and dry weight. Starch, soluble carbo¬ 
hydrates and soluble proteins all had a positive correla¬ 
tion with seed dry weight, which was highly significant 
in the case of starch (p = 0 . 001 ) and proteins (p = 0 . 01 ), 
indicating that these are the major contributors for the 
seed dry weight. The increasing trend of soluble sugars, 
starch and soluble proteins during seed maturation 
showed the relationship between the synthesis of ni¬ 
trogenous compounds, i.e., proteins, during maturation 
(important in the formation of organelles, cytosol and 
membranes) and the metabolites that participate in vital 
processes in the seeds, as reported by Chamma et al^. 

The developing seeds attained germinability around 
190 DAA as 80% germination was obtained in seeds at 
this stage without exhibiting any hardseededness. By 
210 DAA all seeds had acquired the ability to germinate 
as 100 % germination was recorded at this stage 
(Table 1 ). This was the stage when the mean dry weight 
of the seed was also maximum. Physiological maturity 
in angiosperms has generally been designated as com¬ 
pletion of organic accumulation within the seed as re¬ 
flected by no further increase in its dry weight^’ Thus, 
in the present study it seems that seeds of A. lebbek at¬ 
tained physiological maturity around 210 DAA, because 
seed dry weight was maximum and germination was 
100 %, but the ability to germinate even prior to this 
stage indicates that acquisition of germinability pre¬ 
ceded attainment of physiological maturity in this case, 
as increase in seed dry weight between M 3 and M 4 
stages was statistically significant. However, this is not 
an exception, as in some other legumes also the seeds 
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developed the ability to germinate even prior to the at¬ 
tainment of maximum dry weight^ ^ Subsequent to 
210 DAA, a gradual decline in percentage germination 
was recorded which was remarkable during the final 
stage between 290 and 310 DAA, when a 65% decline 
was recorded in the germinability of seeds and thus the 
seeds seemed to have attained complete hardseededness 
at this stage as no germination was recorded without 
scarification. Thus, there is a clearcit indication that 
hardseededness in A. lebbek is induced after attainment 
of physiological maturity, characterized by maximum 
seed dry weight, the M 4 stage. In spite of the onset of 
hardseededness after the M 4 stage, a high percentage of 
seeds still exhibited germination ranging from 95 % at 
M 5 stage to 85% at M 7 stage without any scarification. 
This may be due to the slow progress in development of 
hardseededness during this period; therefore, seeds can 
be harvested at these stages. 

Seeds harvested at M 4 stage could not be stored viably 
but those from subsequent stages not only stored well 
but also exhibited an interesting pattern of germination 
during storage. Seeds stored at room temperature for 
five months and tested for their germinability at monthly 
intervals showed a gradual decline in their percentage of 
germination with their age in storage, not because of the 
loss of viability but due to development of hardseeded¬ 
ness, which was evidenced by their germination after hot 
water treatment. This decline in germination was faster 
in the seeds harvested at advanced stages (e.g. Mg or M 7 
stage) than at an early stage (M 5 stage), as evident by 
the data in Table 1. After four months in storage, while 
percentage germination declined only by 20 % as com¬ 
pared to freshly harvested seeds at M 5 stage, in case of 
M 7 and Mg stages the decline was 30 and 87%. By six 
months all seeds in storage had developed hardseeded¬ 
ness and none germinated without scarification. Thus, 
hardseededness seems to be an inherent character of 
these seeds and is not related to its attachment with the 
parent plant as the process of development of hardseed¬ 
edness continued even after the seed had been detached 
from the plant and kept in storage. Adams and Rinne^^ 
have also reported for Glycine max that the maturation 
is an inherent function of the seed, the completion of 
which does not depend on the association of the seed 
with the parent plant. Interestingly, here the develop¬ 
ment of hardseededness was faster when the seeds were 
attached to plant than in storage. 

The evaluation of parameters that allow the visual 
identification of physiological maturity or some infof- 
mation that contributes significantly to decisions con¬ 
cerning harvest of the seeds is another very important 
aspect of seed development studies. In many hardwoods, 
cone/fruit colour was investigated as a workable indica¬ 
tor for maturation, e.g. in five species of Ouercus^^' A 
series of investigations^ carried out in many agricultural 
crops, e.g. com, sorghum, oat, soybean, etc., revealed 
that the formation of the black layer in corn and sor- 
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ghum and the changing colour of the fruits and seeds in 
other species allowed an accurate identification of the 
physiological maturity of seeds. According to results 
obtained here, on the basis of pod colour changes in A. 
lebbek it can be concluded that the colour of the pods 
was closely related to the maximum physiological qual¬ 
ity of seeds as they started changing colour from green 
to yellow around 230 DAA, when seeds had attained 
physiological maturity. Thus, the time when green pods 
are not found on the plant any longer can be used to 
characterize the physiological maturity of seeds, and 
pods can be collected at this stage. Thus, the overall 
results obtained here indicate that development of hard¬ 
seededness in seeds of A. lebbek succeeds the attainment 
of physiological maturity, and it is an inherent character 
of the seed which can, however, be delayed to some ex¬ 
tent by harvesting the seeds immediately after matura¬ 
tion. The colour of the pods served as a workable 
indicator of maturation. 
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Fractal description of seismicity of 
India and inferences regarding 
earthquake hazard 
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Earthquakes have the quality of fractal structure in 
their spatial disposition, time sequencing, and magni¬ 
tude distribution. We analyse the seismicity of India 
in terms of its spatial fractal structure in various 
seismic source zones. It is found that the fractal di¬ 
mensions range between 0.894 and 1.574, indicating 
that at most the earthquake associated fractures are 
approaching a two-dimensional space. The low frac¬ 
tal dimension is suggestive of the presence of asperi¬ 
ties and barriers of significant sizes in the respective 
source zones. Using a fractal model the average 
earthquake slip in primary faults is estimated to be 
about 3.5 cm/yr in the Himalaya. This gives an aver¬ 
age return period of great earthquake of about 285 
years. Considering that no great earthquake has 
occurred in the seismic gaps in the Himalaya for at 
least 200 years, these gaps are ripe for a future great 
earthquake to occur within the next hundred years. 
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The earthquakes represent the outcome of complex 
geomechanical processes having dire consequences for 
the society. The earth is in an overall steady state of 
strain, which for most part is caused by plate motions. 
This is released from time to time in the form of catas¬ 
trophic motion over faults in the crust, resulting in 
earthquakes, the structure of the crust is highly inho¬ 
mogeneous. On a microscale there are crystal defects, 
cleavages, dislocations, grain boundaries, etc., while on 
the other end of the scale, i.e. macroscale, by virtue of 
repeated fracturing and the different shapes of fractures 
a high degree of heterogeneity of the crust has evolved. 
The strain field accordingly is also quite heterogeneous. 
On account of such complexity of the medium, precise 
prediction of the occurrence of earthquakes in terms of 
their location, magnitude and time of occurrence is not 
feasible. Therefore, the earthquakes are describable by 
statistical means. 

Mandelbrot^ observed that many natural phenomena 
possess self-similarity at many different scales. He u^ed 
the term ‘fractal’ to describe such phenomena. For ex¬ 
ample, an assemblage of objects with differing sizes and 
irregular shapes is a fractal set if the number of objects 
in it with a specified size has a power law dependence 
on size. The scaling parameter is called the fractal di¬ 
mension D. The geometry of the fracture surface of 
rocks is a fractal^’ . The natural rock fracture process is 
a fi-actal. Earthquakes are associated with fractals by 
virtue of the accompanying fracturing of rocks. A fractal 
distribution is scale-invariant. In such a set the com¬ 
plexity of the part is as great as that of the whole. A 
fractal function such as a curve or a surface is not dif- 
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ferentiable and, thus, no local rule can be deduced to 
generate the function. However, inferences can be drawn 
about the whole from observations of the phenomenon 
on any scale; this is the basis of a holistic approach for 
studying fractal systems^. In comparison, in an ordinary 
system, howsoever complex it may be as a whole, the 
basic elements are believed to be simple, which is the 
basis of a reductionist approach. 

Earthquakes possess fractal structure with respect to 
time, space and magnitude. The Gutenberg-Richter re¬ 
lation for frequency vs magnitude is a power law. Simi¬ 
larly, the aftershock decay follows another power law 
involving tim^"^. The two-point spatial correlation func¬ 
tion for earthquake epicentres also displays a power law 
structure^"^. 

Aki* proposed that fractal dimension is correlated 
with the b value of the Gutenberg-Richter relation. The 
fractal dimension could be interpreted in terms of the 
nature of crustal deformations accompanying slips on 
faults, which may be governed by the sizes and spatial 
distributions of a sperities or barriers in the crust^. 
King^® and Turcotte^^ have used Aki’s model to interpret 
the crustal deformation due to slips on fractal fault sys¬ 
tems. However, Hirata^^ has found that for Japan this 
idea is not satisfactory. 

In this paper we use Aki’s* model to determine the 
fractal dimension of seismicity in various source zones 
in the Indian region and make comparative inferences 
regarding fault segmentation, asperity-barrier relation¬ 
ships and consequences for seismic hazard estimation. 
We further use Turcotte’s^^ formalism to estimate the 
fraction of slip taking place on the main fault, the 
rest being accommodated on a smaller fault system. 
Thus, we estimate the strain rate and make prognostica¬ 
tions about the average return periods of largest earth¬ 
quakes. 

The Gutenberg-Richter frequency magnitude relation 
is given by 

\ogN {m> M)^ a-bM, (1) 

where N is the cumulative number of earthquakes in a 
time window in an area having magnitudes m greater 
than Af, a and b are parameters of correlation. This rela¬ 
tion allows us to estimate the average return period of a 
future earthquake of a given magnitude, and is, there¬ 
fore, the basis of preparing probabilistic seismic hazard 
maps^^. 

The Gutenberg-Richter relation represents a power 
law distribution of magnitudes. Since magnitudes are 
related to the fault size involved in the earthquake gen¬ 
eration, a power law relation for the faults causing 
earthquakes may be inferred^. 

Another power law relation has been obtained be¬ 
tween the magnitude M (surface wave) and the moment 
Mo of an earthquake*"^: 

log Mo = d-cM, (2) 
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where c and d are parameters of correlation. 

Let both L and / represent linear dimensions. Assum¬ 
ing that the distribution of the earthquake sizes is self¬ 
similar and, therefore, the seismic moment Mq is pro¬ 
portional to (volume), Aki^ has shown that a relation, 
between the cumulative number of faults Nil > L) and I, 
of the following type may be obtained: 

logA(/>I) = e-(3Mc)logI, (3) 

where e is a constant. 

The power law relation discussed above characterizes 
the earthquake process. It is appropriate to examine it 
with the analytical framework for fractals. The para¬ 
meter characterizing a fractal set is its fractal dimen¬ 
sion D. 

Let Nyt be the number of fragments with characteristic 
linear dimension r„ in a fractal set; then a power law of 
the type given below exists for the set*^: 

Nt, (4) 

where / is a constant of proportionality and D is the 
fractal dimension. D lies between Dj (topological) and 
Z)e (Euclidean) and may be a fractional number. 

Comparing (3) and (4) the fractal dimension for the 
earthquake process is 3blc. An average value of c is 
estimated to be 1.5 (ref 13). Thus, on an average, 
D = 2b, 

The value of b in. various seismogenic zones of the 
earth has been found to range between about 0.5 and 
1.5. Thus, the corresponding fractal dimension can 
range between 1 and 3. A value close to 3- implies that, 
earthquake fractures are filling up a volume of the crust, 
a value close to 2 suggests that it is a plane that is being 
filled up and a value close to 1 means that line sources 
are predominant*. 

Slip over faults distributed over a region form a major 
mode of crustal deformation. At the major plate 
boundaries this slip is driven by relative velocity be¬ 
tween the plates. Of the total slip a fraction occurs over 
the primary fault system causing the largest (and also 
smaller) earthquakes and the rest on the secondary fault 
system**. An estimate of the proportion of the slip oc¬ 
curring over the primary faults can permit a better esti¬ 
mation of the return periods of the largest earthquakes. 

Representing symmetric slip at triple junctions by 
rhombic plates that together form a regular hexagon, 
King*** showed that for fractal distribution of such faults 
the corresponding earthquakes follow the Gutenberg- 
Richter relation. Using this concept of fractal matrix of 
faults Turcotte** represents the slip over an extended 
fault by superposition of slips over the primary fault and 
that on a fractal distribution of self-similar system of 
smaller faults. For such a scheme, the following relation 
for the ratio of the slip over the primary fault to the total 
slip over the fault system (i.e. due to the relative motion 
of the plates with respect to each other) is given: 
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Figure 1. The seismic source zones of Indian region (after Khattri et al. 
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5p/j= (5) 

where Sp is the slip on the primary fault, ^ the total slip 
and D the fractal dimension. For D = 3 all the slip oc¬ 
curs on smaller faults, whereas on the other end, for the 
limiting case of D = 0, nearly 88% of the slip occurs on 
the primary faults. The slip that occurs on a fractal sys¬ 
tem of subfaults contributes to gradual processes like 
fold formation and other similar crustal deformations. 

The seismicity of the Indian region has been examined 
in detail by Khattri et al}^. They identified earthquake 
source regions on the basis of quasi-homogeneity of 
seismotectonic processes in the respective source re¬ 
gions (Figure 1). The seismicity catalogue was examined 
and compensated for incompleteness, and the b values 
were estimated. In some source zones, those in Peninsu¬ 
lar India, the seismicity data were not adequate for an 
independent and reliable estimate of the b values to be 
made. For such source zones respective data sets were 
combined and an estimate of the b values was made. The 
estimates of the b values and the corresponding D values 
are shown in Table 1. 

We note that the fractal dimensions for various source 
zones range between 0.894 for the Shillong region and 
1.574 for the Peninsular region. 

The fractal dimensions estimated above indicate that 
the fractures in the various source zones are filling up 
either linear regions (low fractal dimensions of ~1) or 
nearly two-dimensional surfaces (fractal dimension of 
~ 1.5). None of the source zones has a volume distribu¬ 
tion of sources. 

The largest b value of 0.787 is estimated for the 
source zones of Peninsular India, for which, as men¬ 
tioned above, the earthquake catalogues were combined. 
The compositing of the catalogues of earthquakes for 
various source zones, possibly having different geody¬ 
namic processes, may have a biasing effect towards 
higher estimates for the b value, as we find in the pres¬ 
ent analysis. This could be a reason why we get a b 
value estimate of nearly 1 for the global catalogue of 
earthquakes. In this light the estimates of D for source 
zones in the Peninsular region are not reliable. 

The low b value and the corresponding low fractal 
dimensionality obtained for the Shillong region (zone 
10) is noteworthy and indicates that there is a tendency 
for few faults with large attendant earthquakes on them. 
This may be interpreted to be indicative of a relative 
lack of fracturing and attendant weaker zones in the re¬ 
gion. In other words, the region is characterized by the 
presence of large asperities or barriers which are rela¬ 
tively unfractured and strong. Similarly, the low fractal 
dimensionalities of source zone 6 in the Andaman re¬ 
gion and 18 in the Sulaiman-Kirthar region imply the 
presence of significant asperities or barriers. 

The Himalaya (source region 12) and the source zone 
14 to the north have fractal dimensions of 1.514 and 
1.226, respectively. This suggests that the fracture 


Table 1. The b and D values for the seismic source zones 


Source zone 

b value 

D value 

Region 

1-5 

0.787 

1.574 

Peninsula 

6 

0.533 

1.066 

Andaman 

7 

0.678 

1.356 

Andaman 

8,9 

0.580 

1.160 

Andaman, Arakan 

10 

0.447 

0.894 

Shillong 

11 

0.787 

1.574 

Bengal Basin 

12 

0.757 

1.514 

Himalaya 

14 

0.613 

1.226 

Trans Himalaya 

15 

0.787 

1.574 

Himalaya foredeep 

16 

0.581 

1.162 

Sulaiman 

17 

0.787 

1.574 

Sulaiman foredeep 

18 

0.485 

0.970 

Sulaiman-Kirthar 

19 

0.581 

1.161 

Kirthar-Makran 

20,21 

0.787 

1.574 

Himalaya foredeep 

22 

0.787 

1.574 

Peninsula 

23 

0.543 

1.086 

Tibet 

24 

0.561 

1.122 

Hindukush 


distributions are tending to fill a two-dimensional (2-D) 
space. 

The other source zones are characterized by fractal 
fracture distributions ranging in between the two end 
types discussed above. 

Following Hirata^^ we calculated the 2-D fractal di¬ 
mension Di using the correlation integral C(r) defined 
with respect to the spatial distribution of epicentres. It is 
defined by 

C(r) = [2/{A(A^-l)}]W(7?<r), (6) 

where N{R < r) is the number of pairs of epicentres with 
a mutual distance R smaller than r. N is taken to be 865 
events. The value obtained is 0.275. Now D (in Aki’s 
definition) is the volume dimension (3-D). Thus, 

D = D2+ 1, 

from which we obtain a value of 1.275 for D. The value 
obtained from the b value is 1.514. The two estimates 
are reasonably close. As noted above, it was not so in 
the case of the Japanese earthquakes^^. Thus, we con¬ 
sider that the present analysis is valid. 

We next consider the estimation of the slip on the 
primary fault in the Himalayan collision zone. The con¬ 
vergence rate between India and Asia is estimated to be 
5.5 cm/yr. Of this a fraction is released on the primary 
fault and the rest on the fractal distribution of subfaults. 
The primary fault is considered to be the basement 
thrust^^, on which the largest earthquakes occur. This is 
a north-dipping surface constituting a megathrust ex¬ 
tending along the Himalaya for about 2400 km and 
having an average width of approximately 80 km. It is 
desirable to estimate the fraction of the total conver¬ 
gence rate released over this fault, as that would enable 
one to estimate the average return period of great dam¬ 
aging earthquakes. In the present analysis the source 
zones 12 and 14 are considered to be the main players in 
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Figure 2. The larger earthquakes of Himalaya. The rupture zones of the great earthquakes are shown by hatured areas. The outlines of the 
sections of the seismic gaps that may rupture in a single earthquake are marked by dashed lines. It is possible that the central seismic gap may 
rupture in a single great earthquake^®. 1: Delhi; 2: Lucknow; 3: Patna; 4: Calcutta; 5: Lahore; BB: Bundelkhand massif; DF: Dauki fault; DHR: 
Delhi-Hardwar ridge; GB: Gandak basin; HFT: Himalaya frontal thrust; MF: Moradabad fault; MRF: Madhupur fault; MBT: main boundary 
thrust; MCT; main central thrust; MSF: Monghyr-Saharsa ridge; NSL: Narmada Son lineament; NT: Naga thrust; PF: Patna fault; SB: Sarda 
basin (after Khattri^'). 


releasing the strain. Further, the?-source zone 14 com¬ 
prises of only the fractal sub faults, the primary fault 
being confined to the source zone 12. Since the fractal 
dimensions in the two source zones are quite close, we 
take the value for the same from source zone 12. Using 
this value in equation (5) we obtain a value for slip rate 
Sp on the basement thrust to be approximately 3.5 cm/yr. 
The remaining slip is released on the smaller fractally 
distributed subfaults. Thus, on an average, for a magni¬ 
tude 8+ earthquake involving 10 m of slip a time inter¬ 
val of 285 years will be required. The average slip rate 
for underthrusting is estimated to be of the order of 1.0- 
2.5 cm/yr (ref. 17) from moments of large earthquakes 
and geological evidence, 1.5-2.2 cm/yr (ref. 18) from 
GPS measurements in Nepal section of the Himalaya, 
and 7 ±4 cm/yr (ref 19) from geodetic measurements 
using levelling. All these estimates are of the same order 
of magnitude, with the estimate for the slip rate obtained 
here being somewhat higher. If part, say, one-third, of 
the slip on primary faults is taken up in source zone 14, 
then the estimate obtained here will be almost totally 
congruent with the other estimates. We note that while 
the geological estimate is an average over several mil¬ 
lion years, the estimate from GPS data is instantaneous. 
One of the two estimates derived from earthquake data 
is based on a period of most recent, about a couple of 
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hundred years, data and magnitudes ranging from 
smaller to largest earthquakes, while the other one is 
derived on the basis of great earthquakes only. The es¬ 
timate from levelling data refer to a period of a few dec¬ 
ades. The consistency of estimates derived by such a 
diversity of databases as well as concepts serves to in¬ 
still a measure of confidence in the estimated value. 

The Himalayan plate boundary has experienced four 
great earthquakes (A/>8) in 1897, 1905, 1934 and 
1950, which ruptured and relieved accumulated strains 
over about 200-300 km long sections (Figure 2). These 
earthquakes have left sections of the plate boundary 
where the accumulated strains have not been relieved for 
at least 200 years; these sections form the seismic 
gaps’^^^. The large earthquakes in the Himalaya are re¬ 
corded from 1803 onwards and a total of 15 with magni¬ 
tudes (estimated from damage reports for earthquakes in the 
previous century) between 7.0 and 7.6 have occurred. Of 
these, two are aftershocks of the great 1950 Assam earth¬ 
quake and one of the great 1905 Kangra earthquake. One of 
magnitude 7.6 occurred in 1866 in the rupture zone of the 
subsequent great 1934 Bihar-Nepal earthquake. Four 
events, in 1923, 1930, 1959 and 1960 have occurred in the 
rupture zone of the great Assam earthquake of 1897 and 
may be considered to be its aftershocks. One event has 
occurred in 1943 in the Assam gap. 

365 




RESEARCH COMMUNICATIONS 


An 800 km long central seismic gap exists between 
the rupture zones of the Kangra and the Bihar earth¬ 
quakes. It is possibly divided by transverse geological 
structures into three sectors. The first lies between the 
Delhi-Hardwar ridge (eastern margin of the 1905 
Kangra rupture zone) and the Moradabad fault, the next 
is between the Moradabad fault and the Bundelkhand 
massif promontory, and the third one is between the 
promontory and the Patna fault. The first sector has had 
earthquakes in 1803 and 1991. One event occurred in 
line with the Moradabad fault, another event occurred in 
1866 in a region aligned with the Patna fault. The aver¬ 
age slip in a M - 7 earthquake is of the order of 1-2 m. 
This has been released over faults having relatively 
small areas, in various parts of the central sector, 
through such earthquakes since 1803. The cumulative 
fault area (overall M ~1 earthquakes) is estimated to be 
merely about 4500 km^. On the other hand, the seismic 
gap has. accumulated a slip of at least 5-7 m over an 
area of 48,000 km^ (length of about 800 km). This slip 
accumulation would be much more in case the last great 
earthquake in the gap occurred 300 or more years ago. 
Thus, this and similarly the Assam gap have very high 
potential for giving rise to great earthquakes in the not 
too distant a future (within about 100 years); depending 
on hbw far back in time the last great earthquake rup¬ 
tured these seismic gaps, the next one may be advanced 
in time accordingly. In this connection it may be noted 
that the earliest report of a damaging earthquake in 
northwest Himalaya appeared in 1669 and in Nepal 
Himalaya in 1833 (Af=7.6). Thus, we may reasonably 
conclude that an earlier great earthquake in the Hima¬ 
laya has occurred prior to the 18th century. This already 
gives at least 300 years of strain accumulation. 

The seismic zone of the Himalaya has a fractal dimen¬ 
sion lying between 1 and 2, and may be taken to behave 
approximately as a planer zone. On the other hand, the 
Shillong massif region has a fractal dimension of less 
than 1. Thus, this region is relatively dominated by the 
presence of asperities and/or barriers. 

The results of the present study supply confirmatory 
evidence supporting the conclusions arrived at by earlier 
studies' ^ that the seismic gaps in the Himalaya have 
considerably increased potential for the great earth¬ 
quakes to occur within the next 100 years or so. 

Therefore, there is an urgent need to recognize the 
above findings regarding the lurking earthquake disas¬ 
ters. The public and government opinions need to be 
mobilized for a well-planned effort for- intensive 


earthquake studies in the Himalaya, which at present are 
at a very rudimentary plane. Also there is an urgent need 
for mounting on a war footing a systematic earthquake 
hazard mitigation plan to ameliorate the disastrous con¬ 
sequences from future earthquakes. 
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Beyond the Quantum Paradox. Lazar 
S. Mayants. Taylor and Francis, Lon¬ 
don. 1994. pp. xi + 105. Price: £9.95, 


Among the numerous attempts, of late, 
to develop a correct point of view in 
respect of quantum mechanics, this 
book claims to offer a rather straight¬ 
forward solution. In doing so some will 
say it goes a bit too far as, for example, 
in postulating the existence of emons, 
i.e. ‘concrete’ electromagnetic quanta 
with nonzero mass, even though such 
ideas have been suggested by others in 
the past from time to time. To take the 
last issue first, the case for nonzero 
mass for the quanta of electromagnetic 
fields is taken to be based on the formu¬ 
lae ‘ 

Px = mcPx, E = mc^, m = 
(l<;7-‘<ooX 

SO that if /Wo = 0, then /w = 0 even if 
T]~^ oo when I, and if /w = 0 then 
both Px and E are identically zero. For a 
nonzero electromagnetic field to exist, 
mo and m must also be nonzero. One 
may rightly express one’s worries here 
about trying to extract meaning out of 
expressions like 0 x oo, or 0/0, etc. 

The above is, however, only one of 
the conclusions to which the author is 
led to, in view of what he calls his 
principal principle, which is that in 
dealing with statements involving prob¬ 
abilities and statistics, one should never 
confuse the ‘concrete’ object for the 
abstract object. The simplest way to 
explain this by the author is to take the 
case of balls of different colours in a 
bag. When we talk, he says, of ‘a ball in 
the bag’, this is an abstract object which 
theoretically can possess any one of 
those different colours, but when we 
pick a concrete ball out of the bag it has 
one definite colour only. Statements 
of probabilities are always about ab¬ 
stract objects, whereas statistical ex¬ 
periments are always done with concrete 
objects. 

Regarding Schrodinger equation, he 
says, it refers to the situation when the 
expectation value of the Hamiltonian of 
the system coincides with the expecta¬ 
tion value of the energy of the particle, 
the wavefunction serving merely as an 
auxiliary mathematical device for calcu¬ 
lating probabilities. 

As an illustration of his views, May¬ 
ants proceeds to demolish the various 


quantum-mechanical paradoxes, like 
Schrddinger’s cat paradox or the EPR- 
Bohm paradox, etc., by simply using his 
principal principle. In doing this he 
attempts to emphasize the role of classi¬ 
cal concepts even though he does 
recognize the peculiar role of the super¬ 
position principle in calculating quan¬ 
tum-mechanical probabilities. About the 
Schrodinger’s cat paradox, for example, 
he says that the ‘concrete’ cat has only 
one of the two possible values ‘dead’ or 
‘alive’, of the property ‘state of being’, 
whereas an abstract cat does not exist in 
reality at all. The double-slit experiment 
is a Gedanken experiment, claims May¬ 
ants, because in an actual experiment 
the separation between slits should only 
be of the order of a few wavelengths. 
Bell’s theorem, claims the author, has 
impeccable mathematics, but its prem¬ 
ises are wrong. Bell’s theorem is not 
followed in practice because spin values 
for the same concrete particle for differ¬ 
ent axes are not permissible. The only 
thing Bell-like arguments can prove, 
claims the author, is that quantum 
physics is incompatible not so much 
with realism as simply with determin¬ 
ism, which, in any case, being a prob¬ 
ability-based theory, is as opposed to a 
nonprobability-based theory like non- 
statistical classical mechanics. 

Mayants argues that the situation in 
the EPR paradox is the result of the law 
of conservation of momentum and his 
principal principle, and that there is no 
action-at-a-distance, no ‘knowing’ of 
the result of measurement on one parti¬ 
cle by the other. He, in fact, denies any 
connection between the Bell- 
inequalities-related experiments and the 
concrete mechanical system of the EPR, 
which latter belongs, he claims, to clas¬ 
sical mechanics. Regarding Bohm’s 
experiment, he says that it is meaning¬ 
less to talk of simultaneous values of 
spin for different axes for a concrete 
system. Assuming conservation of angu¬ 
lar momentum and his principal princi¬ 
ple, the experimental outcome of 
Bohm’s experiments is explainable, he 
claims, without further ado. Similarly, 
assuming Malus’es law, the principal 
principle and what is termed as the law 
of conservation of polarization, the ex¬ 
periments of Aspect et al} are al?o 
sought to be explained, and it is claimed 
that there remains no paradox. In deal¬ 
ing with Wheeler’s delayed-choice ex¬ 
periment, says the author, the outcome 
is determined by the last-moment 
choice, and not by the delay, as the con- 
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Crete photons can be thought of as being 
emitted by two different sources, and 
interference-like effects then arise be¬ 
cause of cross terms occurrin'g when 
squaring the total wavefunction in get¬ 
ting the probabilities. 

In contrast to the claims made by 
Mayants regarding the observance or 
otherwise of inequalities due to Bell (as 
also, by implication, due to Clauser— 
Horne, and others), Pitowsky^, for in¬ 
stance, goes on to show convincingly 
that quantum frequencies often violate 
the facet inequalities of the correlation 
polytopes. Indeed, Pitowsky claims that 
violations of the above inequalities by 
quantum frequencies pose a major 
problem to all schools of classical prob¬ 
ability. Much earlier, Strauss'* had 
shown that the algebra of projectors in 
Hilbert space is only partially Boolean 
if complementarity in the Copenhagen 
sense was to be maintained. Even 
though experiments testing Bell ine¬ 
qualities have more than reaffirmed 
quantum-mechanical peculiarities, in¬ 
cluding nonlocalities, Mayants would 
have none of this. Like Einstein at one 
time, he would, as stated above, deny 
even the very existence of uncertainty 
relations if interpreted in terms of 
measurement as done by Heisenberg. 
The author feels strongly that Heisen¬ 
berg’s uncertainty principle deals with 
abstract quantities and that, therefore, 
Heisenberg’s original interpretation in 
terms of experiments with concrete ob¬ 
jects was wrong. The free particle and 
the harmonic oscillator cases, he says, 
violate the principle Ap • Ax > fi/2, be¬ 
cause for the free particle, for instance, 
p = constant implies Ap = 0, giving 
Ap • Ax = 0 and not till. 

The author does not think it proper to 
so much as even mention either the de¬ 
terministic or the stochastic hidden- 
variable theories, or the many-worlds or 
many-minds interpretations of quantum 
mechanics nor does he think it fit even 
to mention or discuss such important 
topics as the reduction of the wavefunc¬ 
tion, while rejecting nonlocality off¬ 
hand. The result is that there are strong 
statements in the book without the pro¬ 
vision of adequate justifications. 

One is tempted to think that Mayants’ 
plunge for a ‘concrete’ ontology, and 
semblance of an attendant realism may 
have been motivated by the fact that 
violation of classical constraints like the 
Bell inequalities can be taken to imply 
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antirealism, because, like a Humean 
skeptic, the antjirealist may hold that 
quantum physics does not deal with 
causes but with phenomena only, and in 
a world without causes, ‘anything goes’. 
In the event, however, Mayants ends up 
making sweeping statements which a 
more careful analysis may show to be 
wrong. 

The chapter entitled ‘Personality ver¬ 
sus society’ of the book seems out of 
place in what purports to be an account 
of the way out from the quantum- 
mechanical paradox, unless the author 
intended to show that he was demolish¬ 
ing the myths, he saw, of quantum me¬ 
chanics, in much the same way as he 
would demolish the myths perpetrated 
in the name of dialectic materialism and 
social formation under communism! 

All said and done, the principal prin¬ 
ciple enunciated by Mayants is some¬ 
thing to be kept in mind when talking 
about probabilities and statistics in 
quantum mechanics, as in any probabil¬ 
ity-based theory, but, in spite of claims 
to the contrary by the author, this in 
itself can hardly be expected to obviate 
the need for further analysis of the 
foundational aspects of quantum me¬ 
chanics. 

The final answer, instead of lying 
with Mayants, may indeed lie some¬ 
where else, based as it would be, on a 
more careful analysis of issues such as 
the superposition principle and entan¬ 
glement, time evolution and reduction 
of wavefunction, and, of course, nonlo¬ 
cality, and then it would indeed be 
found, as shown by Redhead^ that 
‘quantum mechanics has landed some 
pretty queer fish’. 
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The Action Principle in Physics by 
R. V. Kamat. IP A monographs in phys¬ 
ics series. New Age International Pub¬ 
lishers Limited, Wiley Eastern Limited, 
4835/24 Ansari Nagar, Daryaganj, New 
Delhi, pp. 201. Price: Rs 400/-. 


Given the large number of students 
which flock to various postgraduate 
departments in Indian universities every 
year, the near total lack of books by 
Indian authors written specially for 
Indian students, either as basic text¬ 
books or for supplementary or follow¬ 
up reading, is quite remarkable. While it 
is certainly true that most of the stu¬ 
dents would rather watch TV than study 
books in their spare time, and bogged 
down with heavy course loads as they 
are, certainly not ‘outside-the-course’ 
monographs, this is not a sufficient ex¬ 
planation. For, even if only, say, 5% of 
the students are seriously interested in 
their subjects, we are still dealing with 
large numbers. That they do not do so 
much is partly because reasonably 
priced books, pegged at an appropriate 
level, are not easily available. Clearly, 
here is a Catch-22 situation. 

While there are a large number of 
monographs of good quality published 
abroad, these are usually not available 
to Indian students. Most university li¬ 
braries are in bad shape. The high price 
of books is a very major deterrent. Also, 
not many bookstores kept many special¬ 
ized monographs in stock, and ordering 
them from publishers can take 6-9 
months (who can afford air mail?). It 
seems quite unreasonable to expect a 
student to have sufficient patience and 
sustained interest for so long. ‘In the 
final year, sir, we study other subjects.’ 
The students are like that only. 

The Indian Physics Association, by 
publishing monographs meant for 
Indian students of postgraduate level, or 
first year of Ph D is providing a much 
needed input. The volumes are rea¬ 
sonably priced, and the prices, hope¬ 
fully, could be brought down further if 
the series proves popular. It is reason¬ 
able to expect that Indian authors would 
have a much better understanding of 
mathematical or conceptual difficulties 
faced by Indian students and, thus, 
would be better able to adapt the mate¬ 
rial to our needs. It is an idea whose 
time has come. 


The present volume is by R. V. 
Kamat, who has been teaching physics 
students in St. Xavier’s College, Bom¬ 
bay, at both undergraduate and post¬ 
graduate levels for over 20 years. It 
deals with t^e action principle in classi¬ 
cal mechanics, electrodynamics, general 
relativity and quantum mechanics. The 
book starts with simple problems in 
calculus of variation, e.g. the famous 
brachistochrone problem and Fermat’s 
minimum time principle in geometrical 
optics. These chapters have a large 
number of problems, of which at least 
some will be enjoyed by interested 
readers. This is followed by discussions 
of Hamilton’s principle in classical me¬ 
chanics. This is a fairly standard fare for 
M Sc (Physics) students and is dealt 
with quite satisfactorily here, as also in 
most standard textbooks on mechanics. 
The next chapter deals with the action 
in classical electrodynamics, and deri¬ 
vation of Maxwell equations, starting 
from the corresponding action. 

The author has been careful enough 
to recaptitulate some of the concepts, 
and the covariant notation of the special 
theory of relativity. These are followed 
by chapters on the action principle for 
general relativity and for quantum me¬ 
chanics, however avoiding a full- 
blooded path integral formulation (that 
would perhaps require a book on its 
own). A chapter on action-at-a-distance 
for much of electrodynamics, which 
avoids introducing electromagnetic field 
as a separate entity and defines direct 
but ‘delayed’ action-at-a-distance be¬ 
tween charges (as proposed by Fokker 
and Schwartzchild and developed later 
by Wheeler and Feynman), has been 
added perhaps as a teaser for students to 
pursue the subject further. 

The book is suitable for M Sc 
(Physics) or first-year M Phil students. 

It has a judicious mix of conventional 
‘textbook material’, and somewhat more 
advanced topics which are usually 
found only scattered in different text¬ 
books on electrodynamics and relativity 
of quantum mechanics. The book thus 
brings out an important unifying prin¬ 
ciple in physics, in a language accessi¬ 
ble to students. 

On the debit side, the price of the 
book at Rs 400 for 200 or so pages is 
not really low. The number of typo¬ 
graphical errors is quite large for a text¬ 
book meant for students. It is hoped that 
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these will be corrected in the next 
printing. The problems in the latter part 
of the book are quite routine, of the 
kind 'verify Eq. 7.8’. 

An important topic which has been 
omitted is the euclidean field theory, 
which makes contact with the minimi¬ 
zation principle of free energy in ther¬ 
modynamics. I think that it is 
technically, conceptually and, hence, 
pedagogically simpler as it deals with 
real integrals of the type 
exp(-x^)dx, and not complex and 
not absolutely convergent ones like 
l-H exp("X^)(b:. Some jargon-free dis¬ 
cussions of if and how causality is 
maintained even with advanced wave 
solutions in Chapter 8 would have been 
very useful, and also would have helped 
the students think about the physical 
ideas behind the mathematical formal¬ 
ism. 

On the whole, the book is a welcome 
effort to bring good books to Indian 
physics students at a reasonable price. It 
is recommended for acquisition by li¬ 
braries of institutions involved in phys¬ 
ics teaching at M Sc or Ph D level, and 
also by students who want to go a bit 
beyond the conventional curriculum. 

Deepak Dhar 

Theoretical Physics Group, 

Tata Institute of Fundamental Research, 
Ho mi Bhabha Road, 

Bombay 400 005, India. 


Laboratory Manual of Organic 
Chemistry. Raj K. Bansal. Third Edi¬ 
tion. Wiley Eastern Limited, New Delhi. 
1994, 290 pp. Price: Rs 80. 

An author who sets out to write a guide 
on practical organic chemistry for 
Indian universities is faced with a 
choice between two evils. Given the 
backdrop of a tradition-bound, rigid 
system (wherein innovation is frowned 
upon), the book has to meet the de¬ 
mands of the existing (though out¬ 
moded) syllabi to make commercial 
sense for both the author and the pub¬ 
lisher, or face oblivion. An innovative 
guide which sets out to correct the 
course of practical organic chemistry 
within this country would have few 
takers. The bulk of the colleges (over 


7000) are nothing more than factories 
churning out graduates within the rigid 
norms imposed by the examination sys¬ 
tems, that establish a uniformly low 
level by sticking to the letter (not spirit) 
of the syllabi. The handful of autono¬ 
mous colleges/institutions who have the 
resources to modify and innovate either 
do not have an undergraduate pro¬ 
gramme or have chartered their own 
different courses. Writing a book for 
this miniscule market makes no com¬ 
mercial sense. Unfortunately, what 
makes commercial sense has very little 
professional value. Chemistry being a 
professional science (which has given 
birth to several professions and even 
today continues to churn out new pro¬ 
fessions) should have a dynamic practi¬ 
cal course to prepare students to meet 
the demands of the present Job market 
and future challenges. One would like to 
see a practical guide which contains not 
only classical areas, including spectros¬ 
copy, but also a good sprinkling of 
professional skills such as clinical 
chemistry (biochemistry), pollution 
chemistry (air and water monitoring), 
detection of adulterants in food 
(forensic science) and some basic indus¬ 
trial chemistry. It should set out a model 
framework for undergraduate (UG) and 
postgraduate (PG) courses to make the 
practical courses relevant to the job 
market. Alas!! an author who sets forth 
on this trial would have to wait for the 
world around him to change, for no 
publisher would support such a venture. 

It is against this background that one 
should view this book. While Bansal 
has kept in mind the overall needs of the 
Indian universities, there are some curi¬ 
ous features. It is hard to see why any 
college would like to store 11.5x40 
(students) = 460 g of picric acid pre¬ 
pared every year. Several such prepara¬ 
tions appear to be there for old times’ 
sake. The analytical organic chemistry 
experiments baffle this reviewer. Let us 
assume 14% nitrogen/sulphur/halogen 
in a given organic compound. If one 
takes 2 mg of sodium and an equal 
quantity of the compound (but does not 
the grand master A. 1. Vogel state that 
the compound should be added to mol¬ 
ten sodium) per ignition tube and 15 ml 
of water, one could hardly expect 
0.02 mg of cyanide/sulphide/halide, 
assuming 50% reaction (which is im¬ 
possible under the conditions). Should 


one depend on precipitation tests for 
sulphide? The existence of sulphocya- 
nide in a very dilute alkaline solution is 
also questionable (if tests are performed 
as per procedures on pure organic com¬ 
pounds). In the same way, several other 
functional group tests are also of little 
practical value. The heavily curtailed 
list of common organic compounds in¬ 
dicates clearly that the author wishes to 
weed out items which are seldom given 
for UG and PG classes. This laudable 
objective could have been stretched to 
other procedures such as estimations. 
The section on organic preparations has 
several important and useful procedures 
for classroom work. Considering the 
financial crunch, the scales of these 
preparations are generally large. The 
section on spectroscopy stands alone 
without connectivity. The cost of or¬ 
ganic analysis could be drastically re¬ 
duced and the training made more 
realistic to real-world situations by 
combining classical and spectroscopic 
approaches. After N, S, halogen test and 
m. p. determination, the student could 
analyse the given (photocopy) infrared 
(IR) spectrum. The functional groups 
deduced from IR could be confirmed by 
chemical tests and derivatization. List¬ 
ing the derivative under different func¬ 
tional groups could send wrong signal 
to students. For example, the phenolic 
group is identified by the FeCla test, 
solubility tests and preparation of a 
benzoyl derivative. However, an easy 
derivative for some phenols (and aro¬ 
matic amines) could be via nuclear 
bromination. A good derivative for qui- 
nol is /?-quinone, by FeCl 3 oxidation. 
Some glaring errors in figures and 
structures in this third edition could 
have been avoided (e.g. water pump 
(p. 11), thiourea (p. 142), a-bromo-P- 
napthol (p. 158), piperine (p. 236), 
etc.). 

Notwithstanding some drawbacks, the 
book meets the demands of most of the 
syllabi. The discussions and procedural 
details have been trimmed to a mini¬ 
mum to keep the book affordable to 
students, who should also find the dis¬ 
cussions on mechanisms and chemical 
equations very useful in understanding 
the procedures. As frequently suggested 
in the text, the instructor should provide 
supplementary guidance, bearing in 
mind that brevity has its own pitfalls. 
On reduced scales, the experiments on 
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named organic reactions would prove to 
be of good instructional value. Students 
should find this book affordable and 
useful for routine laboratory work. 

R. Balaji Rao 

Department of Chemistry, 

Banaras Hindu University, 

Varanasi 221 005, India. 


Perspectives in Nematode Physio- 
iogy and Biochemistry. M. L. Sood and 
Jyotika Kapur, eds. Narendra Publishing 
House, 1417 Kishan Dutt Street, Mali- 
wara, Delhi 100 006. 1995. 302 pp. 
Price: Rs. 575/-, $ 69.75. 


Nematodes, much like insects, are one 
of the most abundant animals, both in 
their numerical strength as also in the 
number of species. While insects are 
very conspicuous by their presence as 
also because of some 800,000 known 
species, the knowledge of nematodes 
with only about 30,000 known species 
is very scanty because of their hideous 
and illusive nature, small size, con¬ 
cealed habitats, colourless bodies and 
the difficulties that are generally en¬ 
countered in their collection and isola¬ 
tion. In the last 2 to 3 decades, because 
of the interest that has been generated 
due to their economic importance, 
nematology has fast emerged as an im¬ 
portant area of parasitology, helmin¬ 
thology, plant nematology as also that 
of agricultural and biological sciences. 
There were not many text/reference 
books on nematodes until recently, more 
particularly from India. With this back¬ 
ground, in my mind, I naturally was 
very excited by the mere sight of this 
book, more so because of its title. But 
my enthusiasm turned into disappoint¬ 
ment as I read through the book. 

Keeping in view the paucity of infor¬ 
mation on the physiology and biochem¬ 
istry of nematodes, one would have 
expected some well-knit, properly in¬ 
terlinked, and thoroughly edited write¬ 
ups, but what wc have in its place are 
some essays on certain aspects of 
physiology and a couple of them on 
biochemistry as well. It is interesting to 
note that two of these write-ups are by 
scientists who have not even made any 
contributions, as judged from the bibli¬ 


ography provided, in the area on which 
they have contributed the articles. Some 
other topics like ‘Test parasites and 
nematicidal drugs’, though of signifi¬ 
cance and academic interest, do not 
actually strictly fall under the title of the 
book. Similarly, the article on Ascardia 
gain appears more to be a Ph D research 
topic rather than a review article and the 
same should merit publication in a jour¬ 
nal rather than in this book. However, 
from these remarks it should not be 
inferred that the book does not have 
merits and the information contained 
therein is totally devoid of value and 
utility. The articles by Bone, Boczone, 
Srivastava and Batra, Harnett and Park- 
house, etc., are exhaustive, up-to-date 
and praiseworthy. 

I feel that the editors have missed a 
great opportunity of producing a useful 
book on such a challenging subject. The 
choice of topics should have been a 
more careful one. It also appears that 
the various contributors did not get 
proper guidelines from the editors and 
as a consequence the various v/rite-ups 
do not appear to be the parts of the same 
book. It is also strange that no detailed 
introduction or preface precedes the 
articles. The quality of printing and the 
general get-up of the book is satisfac¬ 
tory. There are some typographical and 
printing errors, which should have been 
avoided. 


M. Shamim Jairajpuri 

Department of Zoology, 

Aligarh Muslim University, 

Aligarh 202 002, India. 


Ocean Technology-Perspectives. Sushil 
Kumar, Vikram V. Agadi, M. Keshava 
Das, B. N. Desai. eds. CSIR, New Delhi. 
1994, 989 pp. 


The International Indian Ocean Expedi¬ 
tion of 1960-65 was the first attempt in 
the countiy' towards systematic studies 
of the seas around India - culminating 
in the establishment of the National 
Institute of Oceanography (NIO) at Goa, 
which has since been in the forefront of 
oceanographic research in the country. 
Besides NIO, research in ocean science 
and engineering is carried out in more 
than a dozen research institutes, IITs 
and universities. A -glimpse of the 
contemporary work in the country in 
ocean technology is given in the book 
under review. The book is a compilation 


of 95 papers presented at a national 
symposium organized by NIO in August 
1992 as a part of the CSIR Golden Jubi¬ 
lee Celebration, to which it is a fitting 
tribute. 

As the title of the book indicates, 
more than 80 papcr'^ deal with different 
topics in ocean technology and the re¬ 
mainder with ocean science, except for 
one odd paper on wave propagation in 
alkaline metals, which is not relevant to 
the theme of the book. It would have 
been convenient to the reader, if the 
editors had grouped the papers under 
different subheadings. On a study of the 
book, the following topics can be iden¬ 
tified with more than 4 papers in each: 
ocean waves, wave forces, ocean bed 
surveys, oil field development, remote 
sensing, corrosion and biofouling, pol¬ 
lution monitoring and control, biotech¬ 
nology, deep-sea mining and marine 
instrumentation. On about a dozen other 
topics of oceanography, there are one or 
two papers each. A glaring omission is 
the subject of deriving electrical energy 
from the oceans (on which at least three 
agencies have been working in this 
country), except for a single paper and 
that too on the concept of an ocean- 
coupled solar pond for conversion of 
thermal energy into electrical power. 

There are four papers on marine sur¬ 
vey systems and techniques - the very 
first paper on survey for engineering 
applications, two papers on the multi- 
beam sonar for seabed mapping and a 
review paper on current trends in un¬ 
derwater operations and tools used. 

A wide variety of problems related to 
the design and performance of coastal 
and offshore structures, guyed towers, 
tension leg platforms and moored buoys 
in the presence of ocean waves and cur¬ 
rents is discussed in over twenty arti¬ 
cles, which will be of immense use to a 
designer. Four papers which deal with 
techniques of wave measurements, wave 
modelling taking into account transfor¬ 
mation processes in shallow waters, will 
be useful in estimating the design wave 
parameters. A paper on tidal currents 
in shelf regions deals exhaustively 
with both theory and practical meas¬ 
urements. 

The problem of corrosion in cement, 
concrete and steel structures in marine 
environment as well as techniques of 
studying the corrosion process and cor¬ 
rosion fatigue in metals and biofoul¬ 
ing in power plants are discussed in 
six articles, and will be valuable to 
engineers. 
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Out of the twelve papers on marine 
instrumentation, nine present original 
work on the development of new in¬ 
struments, some of which have been 
field-tested and merit consideration for 
commercial production, and three give 
overviews of commercial systems of 
foreign manufacture and data manage¬ 
ment systems. The instruments are used 
for integrated data acquisition and 
measurement of water quality: spectral 
irradiance, underwater thermal profile, 
ambient noise, tidal heights, subsurface 
currents and core sampling. The article 
on nondestructive testing is just a re¬ 
view article on current techniques. 

An excellent set of eight papers deals 
with satellite oceanography, namely 
techniques for deriving from satellite 
data information on fish abundance 
zones, littorial sediment transport, sea 
surface temperature and mixed-layer 
depth, atmospheric moisture content, 
surface wind and wave, latent heat flux 
and bathymetric features. With the ad¬ 
vantage of getting synoptic data over 
wide regions at periodic intervals from 
the satellites, these papers will be valu¬ 
able for research studies and applica¬ 
tions. 

Another topic of contemporary inter¬ 
est, namely, exploration for and exploi¬ 
tation of polymetallic modules in the 
central Indian Ocean, as well as the 
environmental protection aspects while 
mining, is dealt with in about fifteen 
papers which merit careful study. 

Environmental pollution, in particular 
oil spilling, is the subject of five papers; 
the use of microbes for oil degradation 
or recovery is discussed in four papers. 
Other aspects of biotechnology, such as 
processing seaweeds for drugs, are dis¬ 
cussed in three papers. 

Among the fifteen papers dealing 
with different aspects of ocean science, 
some are significant and worth follow¬ 
up, such as the spatiotemporal variabil¬ 
ity of biological and physical fields, 
simulation of acoustic propagation, 
storm surge modelling, classification of 
acoustic echoes from seabed with 
broadband signals and directional re¬ 
sponse computation for an arbitrary 
acoustical array for broadband signals. 

The usefulness of the book would 
have been enhanced by introducing each 
of the ten major topics with a summary 
of the present status as revealed in the 
papers and the perspectives for future. A 
symposium of such a high order as the 
one under review would have seen valu¬ 
able discussions at the end of presenta¬ 


tion of each paper and their inclusion 
would have further enhanced the value 
of the book. However, even in its pres¬ 
ent form, the book is highly informative 
and will be valuable to any research 
worker in emerging fields of ocean 
technology. 


D. Srinivasan 

Emeritus Scientist, 

Camp NIO, 

Goa 403 004, India. 


\ 

Botany in India: History and Prog¬ 
ress. Vol. I. B. M. Johri, ed. Oxford & 
IBH Publishing Co, Pvt. Ltd., 66 Jan- 
path, New Delhi 110 001. 1995. 
xxxi + 521 pp. Price: Rs 950. 


The above publication, a multiauthored 
volume, comprises consolidated infor¬ 
mation primarily on lower groups of 
plants from India. During the past three 
decades or so, there has been phenome¬ 
nal increase in research activities in the 
country not only on fundamental aspects 
of botany but also on several new dis¬ 
ciplines/aspects that have been initiated 
and fruitful research conducted on them. 
The volume of research publications has 
been enormous and it is difficult to keep 
abreast of the information on all the 
facets of one’s own speciality, leave 
aside botany as a whole. Almost all the 
contributing authors (except probably 
one) of the above volume are well- 
established specialists in their own 
fields of research and have, therefore, 
done a fair job of assembling and ar¬ 
ranging the research information under 
neatly segregated sections and subsec¬ 
tions. One is often tempted to be sub¬ 
jective in such write-ups, but it is 
creditable that invariably almost all 
chapters have an objective approach in 
their contents. 

Historical accounts for the different 
groups of plants of India have been 
published earlier at intervals, but 
probably reviewing them at the begin¬ 
ning of each chapter was evidently a 
necessity for understanding the conti¬ 
nuity of research progress of the subject 
matter in the subsequent period of time. 
This has in some cases entailed a partial 
repetition in some chapters (on fungi). 
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The title of this publication, in a strict 
sense, indicates that it gives information 
only on botanical research carried out in 
India on Indian plants, by Indian and 
foreign nationals. Exotic plants studied 
in India, such as Tmesipteris spp. by 
Sahni at Lucknow (p. 456), could also 
come in this category. The studies on 
Indian plants carried out in foreign 
countries by Indian or foreign nationals, 
such as Flora of British India by J. D. 
Hooker (p. 22) worked out at Kew (this 
fact is withheld), actually represent 
‘botany o/India’, and such instances get 
confused or even synonymized as 
‘botany in India’. However, research on 
exotic plants carried out outside India 
by Indian nationals is certainly not 
‘Botany in India’, and the editor has 
been irresolute in allowing such infor¬ 
mation in the publication to persist, 
(examples given later). 

Since an up-to-date consolidation of 
information on different branches/ 
aspects of botany in India was not avail¬ 
able at one place, the above publication 
is a welcome venture, which will posi¬ 
tively provide referential information to 
postgraduate students of botany for 
competitive tests, selection of research 
topics/disciplines/branches to be pur- i 

sued at particular centres of that sped- I 

ality in the country. It may, however, be 
mentioned that the university botany 
departments are dynamic as far as the 
specialities are concerned, because they j 

change with the change/retirement of 
the personnel - a universal phenome¬ 
non, and the specialities in the univer¬ 
sities may not necessarily be existent. 

The matter dealt with in the different 
chapters is of high standard and de¬ 
tailed, certain chapters being par excel- 
lence, having been prepared by ! 

specialists with large number of publi- | 

cations to their credit. A m^or part of I 

the book (Chapters 4-24) deals with the | 

lower groups of plants (viruses, bacte- I 

ria, algae, fungi, lichens, bryophytes 5 

and pteridophytes - some of which were i 
earlier known as cryptogams). 

An exploratory history and publica¬ 
tion of numerous floras (entirely angio- 
spermic) along with the institutions/ 
agencies known for angiosperm taxo¬ 
nomic work have been outlined in 
Chapter 2. A much detailed and interest¬ 
ing exploratory history by K. Biswas (in : 

1943) has apparently not been consulted 
as there is no citation under the refer- 
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ences. Information about the number 
and the presence of the total holo- 
types/isotypes of Indian angiosperms 
preserved in Indian herbaria, a must for 
taxonomical work, is lacking. Informa¬ 
tion on plants for medicine (Chapter 3), 
primarily angiospermic in content, 
could have been more comprehensive, 
and would probably have been appro¬ 
priately included in Volume II of Bot¬ 
any in India, where several other aspects 
of angiospermic research have been 
envisaged to be published. 

In Chapters 4-24 (except 20) the ap¬ 
proach to each group of plants is some¬ 
what on similar lines in respect of 
historical account, structural morphol¬ 
ogy, taxonomy, physiology, genetics, 
ultrastructure, etc. Detailed information 
on the characteristics of the individual 
groups is well treated. Unfortunately, 
Chapter 20 on lichens reveals lack of 
understanding of the concept of lichens 
and lichen components (‘... dearth of 
information on the mycobionts of Indian 
lichens’, fruit body ‘perithecium in 
Cetraria' - an absurdity), inaccurate 
statements (‘lichen research initiated at 


the University of Lucknow by Biswas’), 
prominence to the work on foreign li¬ 
chens outside India, and several mis¬ 
spelt terms and lichen names. 

The following shortcomings/inaccu¬ 
racies need reporting so that errata may 
be published if thought proper: 

1. Citation of plant species under ab¬ 
breviated generic name without the full 
generic name immediately preceding, and 
if preceded intervened by other genus or 
genera is liable to cause confusion if the 
first letter of the genera is the same. 

2. Inaccurate statements (e.g. p. 456): 
‘Sahni (1915, 1916), at Lucknow, 
Sahni was at Cambridge University 
during those years. He joined Lucknow 
University in 1921. 

3. Matter not eligible for inclusion in 
this book: 

(i) Sinha and Ashworth (p. 237) on 
genetic recombination of Dictyostelium 
discoideum. 

(ii) Cooney and Emerson (p. 243) on 
thermophilic fungi. 

(iii) Garrison et al (p. 243) on ther¬ 
mostability. 


(iv) Schmitz and Srivastava (p. 204) 
on ultrastructure of Laminaria groen- 
landica, etc. 

(v) LaRue and Narayanswami 
(p. 437, 440) on Lunularia cruciata. 

(vi) Rai (p. 381) on carbon-nitrogen 
ratio on Peltigera aphthosa, Platismatia 
(misspelt Platimatia) glauca and 
Pseudevernia (misspelt Pseudoevernia) 
furfuracea (= Evernia furfuracea). 
None of the taxa is an Indian lichen. 

(vii) Le Blanc and D. N. Rao and Le 
Blanc et al. (p. 382): work was done on 
Canadian lichens in relation to pollution 
in Canada. 

There are a large number of misspelt 
words, including botanical names of 
plants; some of them may be due to the 
printer’s devil, but others do not seem 
to be so. 

The price is prohibitive. 

D. D. Awasthi 


38 Khurshed Bagh, 
Lucknow 226 004, India. 


Subrahmanyan Chandrasekhar 



1910-1995 


The news of Subrahmanyan Chandrasekhar’s death on 21 August 1995 arrived as 
this issue of Current Science was going to the press. Chandrasekhar’s passing marks 
toe end of a glorious chapter in modern physics. Awarded the 1983 Nobel Prize, 
Chandrasekhar was one of the dominant figures of twentieth century astrophysics. A forth¬ 
coming issue of this journal will carry a detailed account of his scientific accomplishments. 
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Professor T. R. G.: An appreciation 


T. R. Govindachari will shortly be 
turning 81 and would have seen a thou¬ 
sand moons. I had the privilege of being 
associated with him for over four-and-a- 
half decades, as a student in his intercol¬ 
legiate lectures for B Sc (Honours) in 
chemistry (long since discontinued), as 
his first Ph D student and as a CSIR 
postdoctoral fellow at Presidency Col¬ 
lege, Madras, as a Departmental Head 
during his direction of CIBA Research 
Centre, Bombay, and then on as a fellow 
organic chemist. I meet him off and on 
in some symposium or the other, and 
when I am in Madras, I unfailingly visit 
him in the compact but well-equipped 
Centre for Agrochemical Research 
which he has organized for SPIC Sci¬ 
ence Foundation. These visits are in¬ 
variably inspiring and I return 
wondering whether the country cannot 
find in his personality panaceas for 
many an ailment that afflict Indian sci¬ 
ence. 

Some weeks ago I telephoned to him 
to say that I would be in Madras for a 
couple of days. He immediately insisted 
that I should visit him for discussing the 
affairs of the National Organic Sympo¬ 
sium Trust (NOST), a nonprofit organi¬ 
zation established by five of the 
country’s seniormost organic chemists, 
S. Swaminathan, Nityanand, Sukh Dev, 
Bhattacharya and himself. The major 
activity of NOST is to promote Organic 
Chemistry in India by holding confer¬ 
ences (like Guha and Gordon) and to 
support other symposia from funds that 
he and the other founders had collected. 
He had come to Bombay in 1987 for a 
fund collection drive. He was then 72 
and I still remember vividly how he 
went from one industrial house to an¬ 
other soliciting donations. His strenuous 
efforts and those of other founders fi¬ 
nally gave NOST the income to organ¬ 
ize the NOST conferences, which are 
done by the Council, with the Trustees 
(TRG being one of them) keeping them¬ 
selves in the background. NOST is car¬ 
rying on its mission quietly and with 
very little fanfare, but, like other acts of 
good faith, has some disbelievers. TRG 
shared his concerns with me during this 
last visit and discussed with me at 
length how real or perceived imperfec¬ 
tions in the organization could be ad¬ 
dressed. 


Actually, when I stepped into his 
laboratory that day, I found him en¬ 
grossed in deciphering an NMR spec¬ 
trum along with an associate. He told 
me with his usual self-deprecatory smile 
how he was trying to inform himself of 
recent techniques in NMR spectroscopy 
so that these could be mobilized for 
structure elucidations. He also-divulged 
to me with pride and satisfaction that he 
was able to persuade SPIC and DBT to 
fund a modest Supercon NMR for the 
Research Centre, and with mischief in 
his eyes, he showed me how he had 
converted one floor into two by building 
a mezzanine, thus effectively doubling 
the laboratory space, enabling both the 
research group and the sizeable array of 
sophisticated equipment to co-exist 
comfortably. True to his colours, TRG 
at 81 goes about his research activities, 
quietly keeping abreast with recent sci¬ 
entific developments and with the tools 
available to him, not cribbing at the lack 
of one or the other but silently working 
towards adding the necessary ones. 

On an earlier visit, he had shown me 
with undisguised excitement, beautiful 
crystals of azadirachtin A (the now uni¬ 
versally famous antifeedant principle 
present in the seed kernels of neem) and 
the results of single-crystal X-ray stud¬ 
ies {Current Science, 1994, 66, 295, 
362). Formulations of crude neem ex¬ 
tract containing 300-3000 ppm of 
azadirachtin A are marketed now in 
many countries as an eco-friendly pes¬ 
ticide. TRG’s group has developed 
processes for obtaining azadirachtin- 


enriched neem extracts as well as formu¬ 
lations which are now disfrlbuted by 
SPIC Biotech. I would not be surprised 
if he had the purest smnple of azadi¬ 
rachtin A in the world. TRG also men¬ 
tioned to me how he had a few other 
leads from plant sources with pesticidal 
properties. In fact, for nearly six dec¬ 
ades, TRG has brought in unparalleled 
perseverance, single-minded devotion 
and incisive, chemical insight to the 
study of the vast flora of this country. 

Over the years, his group has isolated 
many complex-structured compounds 
belonging to diverse classes of natural 
products such as alkaloids, oxygen het¬ 
erocycles and terpenes, quite a few of 
them being the prototypes of a particu¬ 
lar group, e.g. tylophorine, echitamine, 
kopsine, ancistrocladine (alkaloids) 
wedelolactone (furocoumarin) and ce- 
drelone and ishwarone (teipenes). Some 
of them had potent biological activity 
(tylophorine - antiasthmalic; wedelolac¬ 
tone — hepatoprotective, ancistroclad¬ 
ine - potential anti-HIV). TRG and co¬ 
workers had located a very rich source 
of the anticancer alkaloid, camptothecin 
in an Indian plant, when only milli¬ 
grams were available for clinical fe*ials 
in USA. Currently, TRG’s extensive 
work on neem. has yielded many new 
congeners of azadirachtin A. 

1 have dealt at some length on TRG’s 
contributions to natural-products chem¬ 
istry because I feel that our young or¬ 
ganic chemists can learn a lesson from 
it. Currently, there is a resurgence in 
this branch of chemistry, particularly as 
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a source of ecocompatible bioactive 
molecules serving as leads or ending up 
as drugs or plant protection chemicals. 
Taxol, artemisinin and azadirachtin are 
but three recent examples. Let us ask 
ourselves the following question: Can 
wa do interesting and useful chemistry 
in this area doing justice to our plant 
wealth, or rather, should we pursue the 
fashions of the day in vogue elsewhere. 
There is no doubt that science is univer¬ 
sal and knows no barriers, but why can¬ 
not we be trendsetters for a change? 

An X-ray crystal I ograp her of the Ma¬ 
dras University Biophysics Department 
told me the other day that even now 
TRG himself comes to the department 
personally with samples for structure 
determination. So does he for special 
NMR and mass spectra. It is typical of 
him even past 80 to be in the laboratory 
every morning regularly at 9 a.m. and 
work till late in the evening - surely a 
trait worthy of emulation by the younger 
generation. His achievements after 
retirement from CIBA Research Centre 
in 1975, such as establishing two re¬ 
search centres, speak for his indefati¬ 
gable energy and passion for science. 
Besides development of useful proc¬ 
esses for synthetic molecules and ex¬ 
traction of natural products, TRG has 
added about 30 papers to his earlier 
tally of 274. 

Looking back, TRG can be justifiably 
satisfied with what he has achieved 
during 45 years of professional career. 
As a Professor of Chemistry, Presidency 


College, Madras (1950-1962), he built 
up a school of research in natural- 
products chemistry (and that too with 
minimum available facilities) whose 
excellence has been acknowledged in¬ 
ternationally. Simultaneously, he was 
acclaimed as a good teacher who ush¬ 
ered in an appreciation of modern theo¬ 
ries of organic chemistry. For a year and 
a half (1961-1962), he also served as 
the Principal of Presidency college and 
might have well become the Director of 
Public Instruction. The next twelve-and- 
a-half years (1963-1975) saw him as the 
Director of Ciba Research Centre, 
which he moulded into an internation¬ 
ally known research centre and wherein 
he collected a group of the finest young 
scientists of the country to do basic 
research for the development of new 
drugs and dyestuffs. For a couple of 
years afterwards (1976-1978) he was a 
consultant to the Central Leather Re¬ 
search Institute, Madras. Later on he 
established a good R&D facility for 
Amruthanjan (1977-1986). He joined 
SPIC in 1987 as an adviser to their Sci¬ 
ence Foundation and set up the Centre 
for Agrochemical Research, wherein he 
continues his activities. In both these 
laboratories, TRG has been investigat¬ 
ing natural products, in addition to 
guiding the groups in process develop¬ 
ment activities. 

TRG’s achievements have earned him 
several national recognitions (Bhatnagar 
Prize for Chemistry, Meghnad Saha 
Medal, Golden Jubilee Commemoration 


Medal, Fellowships of lASc and INSA) 
and international honours (Plenary lec¬ 
ture at the first lUPAC, National Prod¬ 
ucts Symposium, Membership of the 
Bureau of lUPAC) but I firmly believe 
that many more should have accrued to 
him. He has been a President of the 
Indian Chemical Society but not of the 
prestigious Science Academies. I sus¬ 
pect that his long post-academic asso¬ 
ciation with industry, especially with a 
multinational company, has been re¬ 
sponsible for his name not appearing in 
the Indian Government’s list of New 
Year Honours year after year. Shy by 
nature and reticent by disposition, TRG 
is not gregarious or garrulous and cer¬ 
tainly not given to beating his own 
drums. It is a pity that his experience 
and expertise in matters pertaining to 
education and academic and industrial 
research, especially in new drug devel¬ 
opment, have not been adequately ap¬ 
preciated and sufficiently utilized by the 
scientific community. The loss is not his 
but of Indian science and that is another 
ailment that afflicts Indian science! 


K. Nagarajan 


Recon R&D Centre, 

32/1, Kalena Agrahara, 
Hulimavu Village Panchayat, 
Begur, Hobli, 

Bangalore 560 083, India. 
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Short Lecture Courses in Neurobiology 
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Place: Bombay 

Date: 26 October—2 November, 7—14 December and 26 No¬ 
vember-5 December 1995 
Place: Bangalore 

Topics included for respective dates and places are: Synaptic 
transmission. Vesicular events at the synapse and neural de¬ 
velopment. 

Candidates should apply to the course location that is closer 
to them. 

Contact: Dr K. S. Krishnan 

Molecular Biology Unit 
TIFR, Bombay 400 005 
and 

Dr M. K. Mathew 


NCBS, TIFR Centre 

P.O Box 1234, Bangalore 560 012 

Third International Symposium on Genetics, Health 
and Disease 

Date: 1-4 December 1995 
Place: Amritsar 

Topics include: Genetic diseases; Diagnosis; Treatment and 
counselling. 

Contact: Dr Jai Rup Singh 

Centre for Genetic Disorders 
Department of Human Genetics 
Guru Nanak Dev University 
Amritsar 143 005 
Phone: 91(183)258863 
Fax: 91 (183) 258820 
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Eugene Paul Wigner - A tribute* 

N. Mukunda 


One of our last surviving links with the 
period of the creation and development 
of quantum mechanics was broken with 
the passing of Eugene Wigner on 1 
January 1995 at Princeton in the USA. 
Wigner was remarkably talented and 
wide-ranging in his interests, and his 
work touched innumerable aspects of 
modern physics. In every area that he 
turned to, he discovered new and pro¬ 
found insights and interesting view¬ 
points, often understood and carried 
further by others much later. He was as 
much at home in fundamental problems 
of physics and their mathematical 
analysis as in engineering and techno¬ 
logical matters. In this tribute, I shall first 
describe briefly his life and career, then 
turn to a sketch of his work, and conclude 
with an attempt to capture his personality 
and philosophy of science and life. 

A brief life sketch^ 

Eugene Paul (Jeno Pal in Hungarian) 
Wigner was born on 17 November 1902 
in Budapest, Hungary, to Elisabeth Eiff- 
horn and Anthony Wigner. He thus be¬ 
longed to the same generation as 
Werner Heisenberg, Enrico Fermi and 
Paul Dirac. Leo Szilard and John von 
Neumann were Wigner’s classmates at 
the Lutheran High School in Budapest ~ 
‘at that time, perhaps the best high 
school of Hungary and probably also 
one of the best of the world’^. Wigner 
retained great regard for his mathemat¬ 
ics teacher L. Ratz, who also recognized 
and encouraged von Neumann’s unusual 
talents. 

After a year spent at the Technical 
Institute in Budapest, in 1921 Wigner 
joined the Technische Hochschule in 
Berlin to train as a chemical engineer. 
He completed his doctorate in 1925 and 
then worked for a year and a half as a 
leather chemist. By this time he had 
become very much a part of the Berlin 
physics scene; his break came with an 
appointment as assistant to Erwin 
Schrddinger (who had succeeded Max 
Planck at Berlin) for 1926-27. This was 


’*‘Text of special colloquium given at 
Raman Research Institute, Bangalore on 
June 16, 1995. 


followed in 1927-28 by a position as 
assistant to Max Born in Gdttingen, and 
then as Privatdozent at Gdttingen during 
1928-30. At this point he moved to the 
United States, Where he spent the rest of 
his life. 

Wigner’s career in the US began as a 
lecturer in mathematical physics during 
1930 at Princeton University, quickly 
elevated to a Professorship from 1930 to 
1936. The year 1937-38 was spent as a 
professor at the University of Wisconsin 
at Madison. Upon return to Princeton, 
he became Thomas D. Jones Professor 
of Mathematical Physics in 1938, a 
position he held until 1971. The aca¬ 
demic year 1957-58 was spent at Leiden 
in the Netherlands. 



In 1937 Wigner became a naturalized 
citizen of the United States. He took his 
citizenship very seriously, and played a 
very active role in public affairs and 
matters of government policy. As his 
contribution to the war effort, he spent 
1942—45 at the Metallurgical Laboratory 
of the University of Chicago, the last 
two years as the head of the theory 
group there. Earlier he had joined Szi¬ 
lard and Fermi in persuading Einstein to 
■write the famous August 1939 letter to 
President Franklin Roosevelt that led to 
the setting up of the Manhattan Project. 
He was present at the University of Chi¬ 
cago’s Stagg Field Squash Courts on 2 
December 1942 to witness the world’s 


first controlled nuclear fission reaction 
set up under Fermi’s leadership. During 
1946-47 he served as Director of what 
later became the Oak Ridge National 
Laboratory in Tennessee. In 1952 he 
was full-time adviser to the Du Pont 
Company to design the Savannah River 
heavy-water plutonium production reac¬ 
tors. Soon after, in 1954 he was ap¬ 
pointed to the General Advisor>^ 
Committee of the United States Atomic 
Energy Commission, and served also on 
many panels of the Science Advisory 
Committee to the President of the 
United States. 

Of the many awards that came to 
Wigner, we must mention the Medal for 
Merit, the Franklin Medal for 1950, the 
Enrico Fermi Award of the USAEC for 
1958, the Atoms for Peace Award for 
1960, the Max Planck Medal for 1961, 
and the 1963 Nobel Prize in physics 
(shared with Maria Mayer and Hans 
Jensen) for his wide range of contribu¬ 
tions to quantum mechanics. 

Wigner’s first marriage, to Amelia 
Franck in 1936, was followed by a sec¬ 
ond one in 1941 to Mary Annette 
Wheeler, a professor of physics. His 
sister Margit Balasz nee Wigner married 
Paul Dirac in 1937. It appears that Dirac 
was so shy that he once introduced his 
wife to an old friend as Wigner’s sister. 
In response (!) Wigner referred to Dirac 
as ‘my famous brother-in-law’^. There is 
a charming account by Margit of her 
first meeting with Dirac in Wigner’s 
company. At a meeting in Budapest, the 
von Neumanns had invited Margit to 
visit and stay with them in Princeton. 
And then^: 

‘Eugene insisted, “If you come to 
Princeton, you mu^st stay with me. What 
would people say if you did not stay 
with your brother?” I was not terribly 
thrilled with the idea. The von Neu¬ 
manns had a lovely home,..., while my 
brother liked to appear, and act, like a 
pauper. We sailed in the fall; Eugene 
had a two-bedroom apartment, proudly 
boasting that he furnished it to the cost 
of under $25. It looked like it... It was 
soon after my arrival; we were having 
lunch at one of these restaurants, when a 
tall, slender young man entered the 
dining room, looked at Eugene and 
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greeted Mm, He looked lost, and sad. I 
asked who he wa^ still standing iindc- 
cided and none too happy-looking. I 
was told, he was an English physicist, 
whoni Etigene knew in Gdttingen, where 
they used to have their meals together. 
“He does not like to eat alone”. “So 
why don't you ask him to join us?*^ That 
was bow 1 met Paul Krac. That was the 
fall of 1934. The Institute for Advanced 
Studies had no building of its own as 
yet. Its members, like Einstein, von 
Neumann and Dirac as a visiting mem¬ 
ber, had adjoining rooms in a large uni¬ 
versity building, called Fine HalL I 
remember so well: to the left was Ein- 
stein'^s room, in the middle Eugene’s 
and to the right of him, Dirac’s.” 

Wigner, Szilard and von Neumann 
formed the famous Hungarian trio who 
contributed so decisively to intellectual 
life in the United States in the 1930s 
and later. There is a story that during a 
meeting of scientists connected with the 
war effort there was so much confusion 
due to many languages being used that 
someone got up and exclaimed: 
‘^Gcntlemen, let us use one language we 
can all understand ~ Hungarianf ’ 

When Wigner died he left behind his 
third wife Eileen, a son and two daugh¬ 
ters. 

Contributions to science and 
engineering 

Wigner’s work in physics is character¬ 
ized by hard mathematical analysis 
based on simple yet profound physical 
assumptions. While there is a down-to- 
earth practical quality to some of his 
work, in others he dealt with the most 
fundamental issues with great refine¬ 
ment - he was both an artist and an en¬ 
gineer, and quantum mechanics was his 
medium. To quote John A. Wheeler^: 
Tn the work of Eugene Wigner one sees 
the basic harmony between the concep¬ 
tual framework of physics and the 
structure of the mathematics associated 
with that physics.” On the other hand, 
his grasp of technology is best conveyed 
by this passage from Lawrence Dresner 
and Alvin M. Weinberg^ : the facil¬ 

ity with which he could pass back and 
forth between engineering and physics ~ 
from a discussion of the probable distri¬ 
bution of energy levels in U^^* to a 
critical examination of the blueprints of 
the concrete foundations for the Han¬ 
ford reactors, or from a group theoreti¬ 
cal argument in transport theory to the 
design of aluminium fuel elements!” 


Wigner’s first important work in 
physics, completed during his appren¬ 
ticeship with Schrodinger, was a power¬ 
ful treatment of quantum many-fermion 
systems. Around the time of the move to 
GSttingen^ and following a suggestion 
by von Neumann, he undertook the 
major task of introducing group- 
theoretical methods into quantum me¬ 
chanics. By 1928 he had published six 
landmark papers on the subject; he 
shares with Hermann Weyl the credit for 
making this an essential and character¬ 
istic component of quantum physics 
which pervades all its applications. 
During the 1930s he worked in solid- 
state physics and at the frontiers of the 
developing subject of nuclear physics, 
making a major effort to understand the 
forces between nucleons, and develop¬ 
ing the compound nucleus model to 
explain resonance phenomena in neu¬ 
tron-induced nuclear reactions. His de¬ 
velopment later of the R-matrix theory 
of nuclear reactions was a response to a 
comment by Fermi that the compound 
nucleus mode! needed a firm theoretical 
foundation. Probably his most remark¬ 
able work in mathematical physics - the 
study of the unitary representations of 
the inhomogeneous Lorentz group - 
grew out of a suggestion made to him by 
Dirac in 1928. This was completed in 
Madison in 1937, and subsequently 
became the basic framework for all 
relativistic quantum theories. He came 
back to problems of nuclear structure in 
his supermultiplet theory of 1937, and 
later in his statistical treatment of nu¬ 
clear spectroscopy based on random 
matrices. 

In the midst of all this, in the 1940s 
he worked- on the theory of neutron 
chain reactors and the design of pluto¬ 
nium breeder reactors. 

Wigner’s concern with the structure 
of quantum mechanics has led to a se¬ 
ries of incisive insights * over many 
years. In the early 1960s he turned to 
problems of interpretation and episte¬ 
mology raised by the standard interpre¬ 
tation of quantum mechanics. At this 
point it is convenient to present briefly 
and selectively sketches of Wigner’s 
work under several broad areas. This is 
admittedly an inadequate, incomplete 
and possibly superficial way to survey 
his work, yet it may succeed in convey¬ 
ing some idea of the range and magni¬ 
tude of his achievements. Before 
embarking on this, we may recall the 


following important books published by 
Wigner: (1) Group Theory and its Ap¬ 
plication to the Quantum Mechanics of 
Atomic Spectra (Academic Press, New 
York, 1959; the original German ver¬ 
sion published by Friedrich Vieweg, 
Braunschweig, 1931); (2) Nuclear 

Structure, witii Leonard Eisenbud 
(Princeton University Press, 1958); (3) 
The Physical Theory of Neutron Chain 
Reactors, with Alvin M. Weinberg 
(University of Chicago Press, 1958); 
and (4) Symmetries and Reflections- 
Scientific Essays (Indiana University 
Press, 1967). We may also mention that 
the October 1962 issue of the Reviews 
of Modern Physics, published on the 
occasion of his 60th birthday, contains 
many articles surveying Wigner’s work 
in several areas. 

Structure and content of quantum 
mechanics 

Any serious user of quantum mechanics 
is sure to find herself employing repeat¬ 
edly, either explicitly or implicitly, one 
or another of the many basic concepts 
and methods invented by Wigner. One 
of the earliest is the concept of parity’. 
In classical physics, space inversion is 
merely a geometrical operation or 
transformation, a rule to map each point 
in space to its image by inversion 
through a chosen origin. The time is left 
unaffected. A particle trajectory, for 
example, would be mapped on to an¬ 
other possible trajectory. 

Classical space inversion: 

P:x-^ -x,t t, 
x(t)^--x(t). 

Wigner showed that in quantum me¬ 
chanics, parity is more than a transfor¬ 
mation, it is a physical observable 
whose value can be experimentally 
measured. The possible results of meas¬ 
urement are±l, and the corresponding 
quantum states are said to possess even 
or odd parity, respectively. 

Quantum space inversion: 

Pyf(x,t) = Y(-x,t), 

yf(-x, t) = ±Y(.x,t) => P = ±1 , 
even/odd states. 

It was this role of parity in quantum 
mechanics that was shown by Wigner to 
be the explanation for Laporte’s selec- 
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tion rule in atomic spectroscopy*: the 
matrix elements of the electric dipole 
moment operator, and hence the corre¬ 
sponding transitions, vanish unless the 
two concerned states have opposite 
parities. 

The deep connection between invari¬ 
ance principles and conservation laws, 
both in classical physics and in the 
quantum domain with specifically new 
and subtle features, remained a lifelong 
concern for Wigner, something he came 
back to time and again. In the particular 
case of rotational symmetry, the general 
programme of incorporating group- 
theoretical methods into quantum me¬ 
chanics led to Wigner’s impressive body 
of results concerning angular momen¬ 
tum in quantum mechanics^. The de¬ 
tailed representation theory of t the 
rotation group SO(3) and its covering 
group SU(2), which is basic to quantum 
mechanicSj was developed by him in a 
form suited to practical application. The 
angular momentum addition theorem, 
the concept of tensor operators, the 
Wigner-Eckart theorem for their matrix 
elements, explicit expressions for the 
Clebsch-Gordan coupling coefficients 
(also called the Wigner symbols), 
leading on to the intricate Racah- 
Wigner calculus for coupling of tensor 
operators and computing the resulting 
matrix elements, the generalizations to 
other symmetry groups - all these oh-so 
familiar tools of the trade in atomic, 
nuclear and particle physics originate 
from his work. 

In his book on group theory, Wigner 
formulated and proved a fundamental 
theorem concerning the representation 
of symmetry operations in quantum 
mechanicsThis is a very deep and 
subtle result, and a brief explanation 
would not be out of place. The relation 
between physical states and wave func¬ 
tions (or Hilbert space state vectors) in 
quantum mechanics is one-to-many. 
This is because a change in the overall 
phase of a wave function is physically 
unobservable: 

/■ 

vectors \\f, e \,... -» same physical 

state, 

Many-to-one 

vectors <-> physical states. 

Therefore, what physical states corre¬ 
spond to in a one-to-one manner are not 
vectors but rays: a ray is an equivalence 
class of vectors, two vectors being de¬ 
clared equivalent if they differ only by a 


phase. The ray to which a vector yr be¬ 
longs can be unambiguously described 
by the corresponding projection opera¬ 
tor or density matrix p^: 

vector ray p ^ = y/yr '^, 

one-to-one 

rays physical states. 

Rays do not form a vector space, so 
their geometry is somewhat harder to 
visualize than that of vectors y/. 
Wigner.’s theorem then shows that any 
mapping 7' of rays (i.e. physical states) 
onto themselves preserving quantum- 
mechanical probabilities - and any 
symmetry operation must be of such a 
nature - can be ‘lifted’ to either a linear 
unitary or an antilinear unitary 
(antiunitary) transformation T on vec¬ 
tors. 

Unitary-antiunitary theorem: 

Symmetry operation T", 

^ ^ (Py) = Py. = 

P, = <pf^ T (p^) = p^. = (p'(p't 
tl/, (p',... determined up to phases, 

l(f', V')l = l(<P. v)l=* 

either 

^=7^,9'= 7-cp. 

T linear unitary, 

(cp', \|/)= ((p, \jf) ^ unitary alterna¬ 
tive; 

or 

1/= Tv, 9 = 7’9. 

T antilinear unitary, 

(9'. ¥')= (9. V)* 

= 9) antiunitary alternative. 

(Here the inner product of the Hilbert 
space vectors (p, yr is denoted by 
{(p, yr)). This remarkable theorem has 
been extended and proved under differ¬ 
ent conditions by others over the dec¬ 
ades. 

Most symmetries in quantum mechan¬ 
ics turn out to be of the unitary type; 
time reversal is one exaihple where the 
antiunitary alternative is realized. The 
analysis of this transformation in quan¬ 
tum mechanics was given by Wigner^ ^ 
in 1932. In Schr6dinger’s quantum me¬ 
chanics, time reversal acts on wave 
functions thus: 

Tyf{xj)^yrix,-t)\ 

Unlike parity, however, this operation 
does not have the status of a physical 
observable in quantum mechanics, and 
its eigenvalues are not invariantly de¬ 


fined and are not experimentally meas¬ 
urable. 

Continuing with the theme of symme¬ 
try in quantum mechanics, Wigner and 
von Neumann proved a very interesting 
result in 1929, which is of great impor¬ 
tance especially in molecular physics^^: 
if the electronic states in a molecule are 
classified according to their symmetry, 
i.e. the representation of the full group 
of symmetry of the relevant molecule, 
and if we have two distinct eigenvalues 
and eigenstates sharing the same sym¬ 
metry (two electron terms), these eigen¬ 
values will not cross (become 
accidentally equal) as one varies the 
intemuclear distances in the molecule. 
On the other hand, electron terms of 
distinct symmetry can cross. This is a 
general theorem of quantum mechanics, 
applicable to a generic hamiltonian pos¬ 
sessing some symmetries and dependent 
on a continuous parameter: as the pa¬ 
rameter is varied, distinct eigenvalues 
‘of the same symmetry’ will not acci¬ 
dentally cross but will repel each other. 

Many years later, Wick, Wightman 
and Wigner^^ brought to light another 
aspect of symmetry in quantum mechan¬ 
ics, namely the existence of superselec¬ 
tion rules. This amounts to a restriction 
on the applicability of the superposition 
principle in quantum mechanics. In gen¬ 
eral, the Hilbert space of states of a 
quantum system breaks up into sectors, 
and the formation of complex linear 
combinations to produce new states 
from old is limited to one sector at a 
time, not cutting across sectors. This is 
the reason why the phase of a spinor 
field-a field with half odd integer 
spin - is nonobservable. So, for instance 
a nontrivial linear combination of states 
with integer and half odd integer angu¬ 
lar momenta cannot be prepared. As 
another example, one finds that linear 
superpositions of states of distinct elec¬ 
tric charge are unphysical. It is sus- " 
pected that these results had long been 
known to Wigner, and he was persuaded 
by his coauthors to join them and say so 
in print. 

In the preface to his book on group 
theory, Wigner relates a conversation 
with von Laue on the use of group the¬ 
ory as the natural tool with which to 
tackle problems in quantum mechan¬ 
ics^"*. He says: ‘I like to recall his ques¬ 
tion as to which results ... I considered 
most important. My answer was that the 
explanation of Laporte’s rule (the con¬ 
cept of parity) and the quantum theory 
of the vector addition model appeared to 


CURRENT SCIENCE, VOL. 69, NO. 4, 25 AUGUST 1995 


377 


HISTORICAL COMMENTARY AND NOTES 


me most significant. Since that time, I 
have come to agree with his answer that 
the recognition that almost all rules of 
spectroscopy follow from the symmetry 
of the problem is the most remarkable 
result’. 

The exponential decay law for unsta¬ 
ble states has been well known since the 
days of Rutherford’s experiments on 
radioactivity. The first properly quan¬ 
tum-mechanical discussion and deriva¬ 
tion of this law is due to Weisskopf and 
Wigner^^. They were able to provide the 
basic theory for the natural linewidths 
and lifetime? of atomic states decaying 
via transitions to other states with 
emission of radiation. Their use of sec¬ 
ond-order perturbation theory along 
with judicious and delicate assumptions 
also disclosed that the exponential de¬ 
cay law is only an approximate, not an 
exact, consequence of quantum mechan¬ 
ics; so departures from it for both very 
short and very long times are to be ex¬ 
pected. 

The linear superposition principle of 
quantum mechanics, already referred to 
above, finds its most natural expression 
at the level of state vectors in Hilbert 
space. The ray space or density matrix 
description of physical states, which is 
closer to a classical description, ob¬ 
scures this principle somewhat-it is 
present but not manifest. In 1932, while 
studying thermodynamic equilibrium in 
quantum mechanics, Wigner introduced 
another description of states for quan¬ 
tum systems possessing classical ca¬ 
nonical analogues^^. Thus, each 
quantum state is describable by a certain 
real distribution or function on the 
classical phase space. In one dimension 
with classical phase space variables x 
and p, the construction is as follows: 

ex> 

\fr{x) -> Wix,p) ■=j jdx' 

These distributions-named after Wigner- 
are at the level of density matrices, not 
state vectors. They are suggestively like 
classical probability distributions on 
phase space, such as one uses in classi¬ 
cal statistical mechanics. However, 
since in general ff(x,p) can become 
negative for some arguments, we do not 
have a classical statistical picture with 
well-defined probabilities. This is as it 
should be, since quantum features must 
be preserved. This description of states 
in quantum mechanics turned out to be 


the counter-part, or companion, to a rule 
or convention given by Weyl for asso¬ 
ciating a quantum-mechanical operator 
with every classical dynamical variable; 
and these ideas were further extended, 
particularly by Moyal^^. 

Wigner contributed a great deal to the 
formal description of scattering and 
reaction processes in quantum mechan¬ 
ics, especially in the context of nuclear 
physics. One of his results concerns the 
physical meaning of phase shifts. In 
general, scattering cross-sections are 
determined by the squarecf magnitudes 
of S-matrix elements, and in these the 
phases get washed out. On the other 
hand, the spatiotemporal development 
of a scattering process described within 
the limits set by quantum mechanics, 
involves these phases. The beautiful 
connection found by Wigner is the ex¬ 
pression for time delay caused by inter¬ 
action and its relation to the energy 
dependence of the scattering phase 
shift‘^• 

Ar(£) = 2-^S(E) 
oE 

Here S(£) is the phase shift at energy £; 
thus, an attractive (repulsive) interac¬ 
tion leads to ^£) increasing 
(decreasing) with energy, hence to a 
delay (advance) in the appearance of the 
final-state products of a collision after 
undergoing interaction. 

We conclude this account with a 
couple of ‘curios’. Classically, one ex¬ 
pects the possible states of a system of 
interacting particles - especially, a two- 
body system-to separate into two 
types: unbounded or scattering states, 
having positive energy, and bound 
states, having negative energy. In 
qXiantum mechanics we expect the en¬ 
ergy eigenvalues to behave analogously: 
a continuum of unbound, positive- 
energy scattering states sitting on top of 
a set of discrete negative-energy, bound 
states. Only the latter have normalizable 
wave functions. In a remarkable paper 
in 1929, Wigner and von Neumann pro¬ 
duced an example of a two-body poten¬ 
tial which possesses a bound state 
embedded in the continuum^^! This is an 
unexpected and essentially quantum- 
mechanical result. The potential is 
‘artificial’ in that it has to be carefully 
engineered to produce the desired re¬ 
sult, and the state involved is unstable 
even under small perturbations. 

The passage from classical to quan¬ 
tum mechanics results, at the level of 
dynamical variables, in the loss of com¬ 


mutativity in multiplication. Thus, for 
two physical quantities represented by 
operators A and .5, in general AB^BA. 
However, this departure from the classi¬ 
cal is limited in the sense that associa¬ 
tivity is maintained: for three (or more) 
quantities multiplied in a given se¬ 
quence the product is unambiguous: 
(AB)C=A(BC)=ABC. One can ask 
how quantum mechanics might be 
modified if one takes the nonclassical 
path one step further and, along with 
commutativity, one gives up associativ¬ 
ity as well. This was examined by Jor¬ 
dan, von Neumann and Wigner^° in 
1934 . It did not, however, lead to any 
alternatives with sufficiently interesting 
and flexible properties to give a further 
extension of quantum mechanics. 

Going over this rich list of contribu¬ 
tions, one is tempted to say that Wigner 
took his revenge for not having been 
involved in the discovery of quantum 
mechanics, and compensated for it ac¬ 
cordingly! 

Nuclear forces, structure and 
reactions 

Following the discovery of the neutron 
by Chadwick in 1932, there was a great 
deal of work exploring the nature of the 
strong nuclear forces between neutrons 
and protons. It was realized that these 
would be strikingly different from the 
familiar Coulomb forces between pro¬ 
tons, of very short range, and with 
complicated distance dependences. 
Further dependences on spin and space 
exchange were also anticipated. Wigner 
was one of the earliest contributors to 
this field, and his name is associated 
with one of the four basic types of terms 
in the potential energy expression^’: 

potential energy between proton and 
neutron = 

purely distance-dependent Wigner term + 
spin exchange Bartlett term + 
space exchange Majorana term + 
spin and space exchange Heisenberg 

term. 

Thus, the Wigner force is the simplest 
of all; the others either distinguish be¬ 
tween singlet and triplet spin states, or 
between even and odd orbital angular 
momenta, or both. Such phenomenol¬ 
ogical potentials are useful in analysing 
low-energy nuclear bound states, scat¬ 
tering processes, etc. 
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. The low-energy (in the keV to few 
MeV range) scattering cross-sections of 
neutrons off various nuclei were ex¬ 
perimentally studied by Fermi and his 
collaborators, and many other groups, 
around 1936. They found, striking reso¬ 
nance structures in these cross-sections, 
with sharp maxima separated by very 
small values in between. Soon after, a 
theoretical explanation was offered in¬ 
dependently by Niels Bohr on the one 
hand, and by Gregory Breit and 
Wigner^^ on the other. This is the so- 
called compound nucleus model. It 
pictures the scattering and reaction 
processes as taking place in two steps. 
At first the incoming low-energy pro¬ 
jectile (which could be some light nu¬ 
cleus rather than a neutron) and the 
target combine to produce a compound 
nucleus in one of several possible me¬ 
tastable states. In this process the pro¬ 
jectile energy is quickly shared with all 
the nucleons in the compound structure, 
and then the mode of formation of this 
structure is ‘forgotten’. In the second 
step, the decay of the compound nuclear 
state into various energetically allowed 
channels is governed by probability 
laws. It is the probability of occurrence 
of the first step that shows an extremely 
sensitive energy dependence and gives 
rise to the observed resonances. In their 
work Breit and Wigner derived the fa¬ 
mous bell-shaped single-level resonance 
formula known after their names: 

Probability of formation of compound 
nucleus 

aT,l{{E-E,f+^Tl}, 

E = total initial energy, 

energy, width, of 
compound nuclear state A,. 

The partial cross-sections for subse¬ 
quent decays into each of the several 
available final channels retain this char¬ 
acteristic energy dependence. 

Sometime after this, around 1944, 
Fermi remarked to Wigner (as was 
mentioned earlier) that a good theoreti¬ 
cal basis for the compound nucleus 
model was lacking.^ Thereupon Wigner 
set about formulating one. This was the 
starting point of the i?-matrix theory of 
nuclear reactions, developed by him 
largely in collaboration with Eisen- 
bud^^. The basic idea is to separate the 
total multidimensional configuration 
space of all the nucleons in the com¬ 
pound nucleus (i.e. the projectile nucle¬ 
ons plus the target nucleons) into two 
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parts: an interior region where they are 
all within the range of nuclear forces 
acting between every pair, and an exte¬ 
rior region where this is not so. In the 
latter region, one then defines or picks 
out essentially nonoverlapping subre¬ 
gions, one for each possible (two-body) 
final channel into which the compound 
nucleus can decay. Instead of posing a 
multichannel hamiltonian eigenfunction 
and eigenvalue problem, a series of 
matching conditions connecting the 
interior and exterior channel wave 
functions and their radial derivatives, 
across the borders between the interior 
and each exterior region, are set up. The 
i?-matrix elements are quantities that 
enter these relations, they are a multi¬ 
channel generalization of the logarith¬ 
mic derivative of a wave function in a 
one-dimensional radial problem. The 
parameters entering the R-matrix are the 
energy values and the various partial 
decay widths of all possible compound 
nucleus levels. Thus, the R-matrix be¬ 
came simultaneously a convenient 
method for parametrization of scattering 
and reaction amplitudes using phe¬ 
nomenologically accessible compound 
nuclear state energies and widths, and 
with further developments,. a way to 
embody general physical principles, 
such as unitarity and causality, govern¬ 
ing reaction processes. Inter alia this 
led to a multilevel generalization of the 
Breit-Wigner resonance expression 
given above, and to a criterion for the 
validity of the single-level formula. 

Returning to the problem of nuclear 
forces and structure, in 1937 Wigner 
came up with the SU(4) supermultiplet 
theory to systematize the low-lying en¬ 
ergy levels of light nuclei^"^. The idea 
was that the interactions among protons 
and neutrons, regarded as nucleons pos¬ 
sessing the isospin degree of freedom 
introduced by Heisenberg^^ as early as 
1932, might to a good approximation be 
both spin- and isospin-independent. 
More generally, it might be invariant 
under all four-dimensional unitary 
transformations mixing up the four in¬ 
dependent spin-isospin states of a nu¬ 
cleon. (This assumption actually leads 
to specific spin and isospin dependences 
in the interaction.) It would then be 
possible to arrange the energy levels of 
‘neighbouring’ nuclei with a common 
mass number into various unitary irre¬ 
ducible representations (UIRs) of 
SU(4), consider systematically the 
breaking of this symmetry, etc. Each 
UIR of SU(4) is made up of several 


spin-isospin multiplets in a definite 
way. While the idea was physically well 
motivated as a useful first approxima¬ 
tion, it was pursued only to a limited 
extent. However, many years later, in 
1964,' Wigner’s theory provided the 
inspiration for a similar SU(6) invariant 
theory of baryons and mesons in the 
framework of the quark model 
At the other end of the scale from 
low-lying well-separated energy levels 
of light nuclei, we have the relatively 
highly excited and closely spaced levels 
of heavy nuclei with many degrees of 
freedom. Here Wigner proposed a com¬ 
pletely different physical approach, one 
which has stimulated work by many 
others and led to connections with sev¬ 
eral other prohlems^^. The physical 
ideas may be motivated as follows. As 
the excitation energy (of a complicated 
nucleus) increases, one expects the en¬ 
ergy levels to get closer and closer, and 
one also loses hope of being able to 
obtain them individually from a first- 
principles Hamiltonian. Instead, what 
would be more accessible and physi¬ 
cally interesting are various statistical 
properties of the levels; the probability 
distributions for successive levels to 
occur at various energies, for the spac¬ 
ing between neighbouring levels to have 
different values, and so on. To obtain 
these statistical features, and at the same 
time to reflect the fact that one is deal¬ 
ing with a very complex system with 
many degrees of freedom, Wigner pro¬ 
posed that the basic Hamiltonian (after 
truncation to a large but finite dimen¬ 
sion) be itself regarded as a random 
matrix, belonging to an ensemble with 
specified properties. Once one specifies 
the nature of this ensemble, regarded as 
a primary input, the statistical properties 
of the eigenvalues of the Hamiltonian, 
the spacing distribution, etc., can all be 
derived, in principle, as secondary con¬ 
sequences. It turns out that in using this 
approach one must deal with one 
‘simple sequence’ of nuclear levels at a 
time; this is a set of levels possessing 
the same exactly conserved quantum 
numbers - ‘belonging to the same sym¬ 
metry’- such as the total angular mo¬ 
mentum and parity. Properties of 
different simple sequences are inde¬ 
pendent. Thus, Wigner’s hypothesis was 
that the local statistical behaviour of the 
levels in a simple sequence is given by 
the properties of the eigenvalue spec¬ 
trum of a random matrix drawn from a 
suitable ensemble. The type of ensemble 
to be used depends on the integer or 
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half odd integer nature of the total angu¬ 
lar momentum, behaviour under time 
reversal, and presence or absence of 
rotational symmetry. Later work has 
shown that there are three natural types 
of ensembles, in correspondence with 
the three great families of classical 
compact simple Lie groups: the Gaus¬ 
sian real orthogonal, the Gaussian 
complex unitary, and the Gaussian 
symplectic ensembles. These ensembles 
consist respectively of real symmetric, 
complex hermitian and real quaternionic 
matricek (of suitable dimensions, even 
in the la\t case). The probability distri¬ 
bution defining the ensemble is invari¬ 
ant under a real orthogonal, complex 
unitary or unitary symplectic group of 
transformations applied to its elements; 
moreover, the matrix elements of the 
Hamiltonian are assumed to be inde¬ 
pendent random variables. It is the 
combination of these two properties that 
makes these ensembles Gaussian. 

A great deal of sophisticated mathe¬ 
matical analysis has gone into these 
objects, and this activity continues^*. 
One very interesting feature that was 
recognized very early was that the 
spacing distribution vanishes as a power 
of the spacing as the spacing tends to 
zero. The rate of this vanishing, the 
power involved, is characteristic for 
each of the three families of ensembles. 
The physical meaning of this result- 
borne out by experiments and reminding 
us of the no-crossing theorem of Wigner 
and von Neumann for electron terms of 
the same symmetry is that within a 
simple sequence neighbouring levels do 
not like to come very close to one an¬ 
other. Had we imagined that the energy 
levels themselves were independently 
statistically distributed, there would 
have been no cause for such level re¬ 
pulsion, This only emphasizes Wigner’s 
idea that the properties of the ensemble 
of'Hamiltonians must be chosen first, 
and other properties then obtained as 
consequences. 

Quantum field theory, relativistic 
classical and quantum mechanics 

The rules for canonical quantization- 
creating a quantum theory from a classi¬ 
cal one - were originally invented in the 
context of nonrelativistic particle 
quantum mechanics. The first successful 
application of these rules to a classical 
field theory came with Dirac’s quanti¬ 
zation of the electromagnetic field. This 
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led to his classic 1927 paper in which 
he treated the processes of emission and 
absorption of radiation by matter, using 
quantum principles and the photon con- 
cept^^. The quantized field led to a 
synthesis of complementary classical 
particle and field languages, and could 
describe states with variable numbers of 
identical particles. The canonical quan¬ 
tization method led to commutation 
relations of the form 

Clf^a^g 

a,a, - = aja] - aja? = 0. 

Here Cr (aj) are the annihilation 
(creation) operators for photons in vari¬ 
ous states indexed by r. These states are 
an independent, orthogonal and com¬ 
plete set of modes of the electromag¬ 
netic field. The operators Cr, aj are 
quantum analogues of the classical 
complex coefficients in an expansion of 
the classical field in these modes. In this 
case the appearance of commutation 
relations led naturally to Bose-Einstein 
statistics for photons. Very soon after 
Dirac’s paper, Jordan and Wigner 
showed that to describe fermions (such 
as electrons) obeying Pauli’s exclusion 
principle and Fermi-Dirac statistics, the 
particle annihilation and creation operators 
must obey anticommutation relations^^: 

+ 0 , 0 , = 44 + 44 = 0 - 

For a finite number of modes, they 
proved that up to equivalence there is 
only one irreducible representation of 
these relations, and it is finite¬ 
dimensional. This uniqueness is similar 
to a corresponding result in the case of 
commutation relations. The major dif¬ 
ference is that from a mathematical 
point of view systems of operators 
obeying the anticommutation relations 
are quite ‘harmless’, while in the case of 
commutation relations they are un¬ 
bounded and the space is infinite- 
dimensional - even for a finite number 
of modest Of course, in the Jordan- 
Wigner case there is no sensible classi¬ 
cal limit. 

It is interesting to note that Dirac’s 
initial reaction to this work of Jordan 
and Wigner was decidedly negative^ ^ 
Wigner later attributed this to Dirac’s 
being very committed to the Harnilto- 
nian point of view in dynamics- ‘a 

CURRENT 


captive of the Hamiltonian formalism’. 
However, it became clear very soon that 
this was the correct way to set up 
quantum field theory for fermions, and 
’ it became part of the foundations of the 
subject. 

The first attempts at uniting quantum 
mechanics and special relativity were 
due to Klein and Gordon. This resulted 
in the wave equation named after them, 
but it faced problems of interpretation at 
the one-particle level. The next, spec¬ 
tacularly successful, attempt was Di¬ 
rac’s work in 1928 that led to his wave 
equation for the electron and its series 
of amazing consequences^^. Probably 
soon after, in 1928 itself, Dirac sug¬ 
gested to Wigner a comprehensive study 
of all possible unitary irreducible repre¬ 
sentations of the inhomogeneous 
Lorentz group (IHLG), i.e. of the homo¬ 
geneous Lorentz group (HLG) supple¬ 
mented by space-time translations. By 
about 1932, Majorana had constructed 
many of these UIRs, and later these 
were simplified by Dirac and Proca^^ 
The solution .of this problem posed by 
Dirac to Wigner became a herculean 
effort, being completed only in 1937. 
The result was an all-time classic paper 
in mathematical physics^"*. In it, Wigner 
acknowledges the help and guidance he 
received not only from Dirac but also on 
mathematical aspects from von Neu¬ 
mann. At some stage Dirac advised 
Wigner to be careful, and the latter re- 
plied^^: ‘You point out.that care is 
needed in the analysis of the represen¬ 
tations of the Lorentz group; I promise 
you that I will be careful’. 

Wigner’s paper contains a detailed 
analysis of the structure of the HLG and 
the IHLG, and of general unitary repre¬ 
sentations (URs) of the IHLG in the 
context of quantum mechanics; it then 
turns to a study of the UIRs. The result 
was that these could be classified into 
four broad types, depending upon the 
nature of the possible values of energy- 
momentum // occurring within the 
UIR, and the allowed ‘states of polari¬ 
zation’ for each energy-momentum. The 
helicity X is defined as the component 
of angular momentum in the direction of 
momentum. For each kind ofj/ 
(provided it is not identically vanishing) 
the allowed values of X are determined 
by some UIR of a corresponding sub¬ 
group of the HLG, the so-called ‘little- 
group’ for that// ; it consists of all 
elements of the HLG which 
leave//invariant. The pattern of UIRs 

SCIENCE, VOL. 69, NO. 4, 25 AUGUST 1995 



HISTORICAL COMMENTARY AND NOTES 


Table 1. The pattern of UIRs of the IHLG 


Nature of 

Little group within 
HLG(SL(2,C)) 

Number of polarization 
states, spectrum of X 

Remarks 

(a) Time-like 
(positive or 
negative) 

SO(3)(SU(2)) 

2s + 1 fori = 0, 1/2, 1 ... 
2,=ss,s- I,..., -j 

Massive particles with 
zero or finite spin 

5 = 0 for 7t meson 

5=1/2 for electron 

(b) Light-like 
positive 

or 

negative) 

E(2), two- 
dimensional 

Euclidean 

group 

One: ^ = 0 

Two:X = ±s,s= 1/2, 1, ... 
Infinite: X = 0, ±1 ±2,... 
or 

A. = ±1/2, ±3/2,... 

No known particles 

5 = 1 for photons 

5 = 1/2, X = - 1/2 for 
neutrinos 

No known particles 

(c) Space-like 

SO(2,l) (SL(2,R)) 

One: X = 0 

Infinite: X = s, s+ 1,... 
or 

-s, -J-1, ... 

5=1/2, 1, ... 
or 

A, = 0,±l,±2,... 
or 

X = ±l/2, ±3/2,... 

Imaginary mass, 
unphysical 

(d) Vanishing 

HLG(SL(2, O) 

- 

- 


of the IHLG is displayed in Table 1 
(here space inversion or parity has been 
included in the HLG, except that for 
neutrinos this operation is undefined)^^. 

While many of these UIRs were 
known earlier to Majorana and Dirac, 
the so-called infinite-spin or continu¬ 
ous-spin representations in cases (b) and 

(c) were genuinely new. In his work, 
Wigner did not carry the investigation 
of these, or of case (d), to completion. 
He mentioned their existence, and only 
remarked: "... the last case may be the 
most interesting from the mathematical 
point of view. I hope to return to it in 
another paper. I did not succeed so far 
in giving a complete discussion of the 
3rd class.’ Wigner’s ‘last case’ and ‘3rd 
class’ correspond respectively to (c) and 

(d) in our table. We also see that not 
every mathematically acceptable UIR of 
the IHLG is acceptable on physical 
grounds. 

Relativistic quantum systems de¬ 
scribed by any UIR of the IHLG are 
called ‘elementary systems’. Truly ele¬ 
mentary particles, able to exist in isola¬ 
tion, are described using them. 

Examples are photons, neutrinos, elec¬ 
trons and muons. The phrase 

‘elementary systems’ conveys the 

meaning that all their properties are 
revealed by studying their behaviour 


under all elements of the IHLG - there 
is no internal structure involved. In the 
above listing, only cases (a) and (b) for 
finite helicity are realized in nature. 

The UIRs of case (d) are actually 
UIRs of the HLG SO (3,1) (or of the 
closely related group SL (2, CJ). It re¬ 
mained for Harish-Chandra and for 
Gel’fand and Naimark to determine 
them independently^^. The inputs 
needed to construct the UIRs of case (c) 
for infinite spin were provided by 
Bargmann through his construction of 
the UIRs of SO (2,1) and SL (2,i?)^l 

In his contribution to RMP, Dirac 
made the following comments on 
Wigner’s work^^. ‘The problem of 
working out all unitary representations 
of the IHLG has been dealt with by 
Wigner, taking the mathematical point 
of view that two representations are 
equivalent if they are connected by a 
unitary transformation. He decomposes 
the representations into their irreducible 
constituents and finds that the irreduci¬ 
ble constituents provide theories of 
elementary particles with various spins. 
This work does not lead to any interac¬ 
tion between particles. To bring in in¬ 
teraction, one must depart from the 
point of view of looking at two repre¬ 
sentations as equivalent if they are con¬ 
nected by a unitary transformation, a 


point of view which involves looking 
upon all unitary transformations as 
trivial. To a physicist, some unitary 
transformations are trivial, whereas oth¬ 
ers (for example, the S matrix) are far 
from trivial, so a physicist cannot look 
upon two representations connected by 
a unitary transformation as necessarily 
equivalent.’ The point is that for any 
really interesting relativistic quantum 
system, such as a relativistic quantum 
field theory, it is not only important to 
know which UIRs of the IHLG are pres¬ 
ent, but also how they are put together. 
However it must be pointed out that as 
early as 1949 Wigner himself had drawn 
attention to this situation'^^: ‘The ele¬ 
mentary systems correspond mathemati¬ 
cally to irreducible representations of 
the Lorentz group and as such can be 
enumerated... However, in the descrip¬ 
tion by irreducible states, the form of 
almost all physically important opera¬ 
tors remains unknown and, in fact, de¬ 
pends on the system, the types of 
interactions, etc. This leads to a rather 
strange dilemma: in the customary de¬ 
scription the form of the physically im¬ 
portant operators is kn<>wn but the time 
dependence of the states is unpredict¬ 
able or difficult to calculate. In the de¬ 
scription just mentioned, the situation is 
opposite: the time dependence of the 
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states follows from the invariance prop¬ 
erties, but the form of the physically 
important operators is hard to establish.’ 

Wigner returned on many occasions 
to a description of the results of his 
classic work. He also constructed with 
Bargmann a unified set of wave equa¬ 
tions whose solutions would lead to 
UIRs of types (a) and (b) in our table'^^ 
His work with Newton on the problem 
of position is particularly interesting, so 
I describe it in a little detail 

The starting point of nonrelativistic 
particle quantum mechanics is the set of 
positions and momenta as primary dy¬ 
namical variables, out of which all other 
variables are built up. (Later work has 
shown that these positions and momenta 
can be derived as secondary objects 
starting from suitable quantum- 
mechanical representations of the Gali¬ 
lei group). Now, from Wigner’s point of 
view in the relativistic context, the pri¬ 
mary things are the UIRs of the IHLG. 
After having set them up, one must ex¬ 
amine within which UIRs one can con¬ 
struct position operators with physically 
desirable properties. Such an analysis 
was first undertaken by Newton and 
Wigner. They were able to show that in 
every finite mass and finite spin UIR 
(case (a)) a unique set of position opera¬ 
tors possessing several physically rea¬ 
sonable properties does indeed exist. 
However, contrary to naive expectation, 
they do not form the space components 
of a relativistic four-vector. This illus¬ 
trates the fact that in quantum theory the 
unitary transformation law is more basic 
than the geometric one or manifest co- 
variance. In the massless case with 
finite nonzero helicity even this 
much cannot be done. Thus, neither 
photons nor neutrinos can be localized 
in space. 

In other related work we mention the 
study by Inonu and Wigner of the proc¬ 
ess of ‘group contraction’ by which the 
IHLG goes over in the nonrelativistic 
limit to the Galilei group'^^ Salecker 
and Wigner’s analysis of deep concep¬ 
tual problems in bringing together 
quantum mechanics and general relativ¬ 
ity, caused by quantum limitations on 
position measurements'^'^; and van Dam 
and Wigner’s construction of classical 
relativistic direct-interaction theories 
resting upon integrodifferential equa¬ 
tions for particle trajectories'^^ One of 
Wigner’s conclusions was that while 
special relativity and quantum mechan¬ 
ics could at least conceptually be com¬ 
bined, with general relativity and 


quantum mechanics there was no com¬ 
mon ground at all. 

Interpretation of quantum 
mechanics 

In the early 1960s Wigner turned to a 
serious examination of the problems of 
interpretation of quantum mechanics, 
and a clear expression of the orthodox 
position which essentially coincided 
with his own'*^. As evidence for the lat¬ 
ter, here is his own statement: ‘The or¬ 
thodox view is very specific in its 
epistemological implications ... A large 
group of physicists finds it difficult to 
accept these conclusions and, even 
though this does not apply to the pres¬ 
ent writer, he admits that the far- 
reaching nature of the epistemological 
conclusions makes one uneasy.’ He also 
often said thaf he was adding hardly 
anything new to London and Bauer’s 
classic 1939 exposition'*^. He accepted 
the treatment of measurement theory 
that had been articulated by his friend 
von Neumann'*^ as early as 1932, and 
wanted to restate it for a new generation 
and extract its ultimate consequences 
for epistemology. 

Wigner emphasized that the state 
vector of a quantum system changes in 
two mutually exclusive ways - 
continuous, deterministic Schrddinger 
evolution when not subject to observa¬ 
tion, and discontinuous, probabilistic, 
collapse when measurements are made. 
He went to much length to show that the 
linear Schrddinger equation - even in¬ 
cluding the apparatus and the system’s 
coupling to it - can never produce the 
macroscopically desired collapse phe¬ 
nomenon, and stressed repeatedly that 
pure states and mixtures have very dif¬ 
ferent physical properties. He also pre¬ 
sented a pragmatic answer to the 
question ‘What is the state vector?’. It 
was that it codifies in a compact way all 
past information about a system, on the 
basis of which we can state the probabil¬ 
istic connections that quantum mechan¬ 
ics gives among a series of 
measurements carried out subsequently 
and sequentially in time; all the conse¬ 
quences of quantum mechanics are just 
such statements. So, as the orthodox 
view claims, ‘the laws of quantum me¬ 
chanics can be expressed only in terms 
of probability connections’, and cannot 
be formulated in terms of objective re¬ 
ality. 


Pursuing this analysis further, Wigner 
came to the conclusion that human con¬ 
sciousness is an essential external in¬ 
gredient needed to make complete sense 
of quantum mechanics. The collapse of 
the state vector occurs when and only 
when an observation is registered in 
some individual consciousness: ‘It is at 
this point that the consciousness enters 
the theory unavoidably and unalterably. 
If one speaks in terms of the wave func¬ 
tion, its changes are coupled with the 
entering of impressions into our con¬ 
sciousness’. And again: ‘... it was not 
possible to formulate the laws of quan¬ 
tum mechanics in a fully consistent way 
without reference to the consciousness’. 
In support of this declaration, Wigner 
appeals to Heisenberg and says: ‘W. 
Heisenberg expressed this most poign¬ 
antly {Daedalus, 1958, 87, 99): “The 
laws of nature which we formulate 
mathematically in quantum theory deal 
no longer with the particles themselves 
but with our knowledge of the elemen¬ 
tary particles ... The conception of ob¬ 
jective reality... evaporated into 
the... mathematics that represents no 
longer the behaviour of elementary par¬ 
ticles but rather our knowledge of this 
behaviour” ’. 

As one can imagine, this line of 
thinking led Wigner inexorably to a 
kind of solipsism, and to the delineation 
of two kinds of reality - the content of 
one’s own consciousness, the only abso¬ 
lutely real, and everything else external 
to oneself, including every other per¬ 
son’s consciousness. To support the 
former he turned to Schrodinger; ‘... the 
most eloquent statement of the prime 
nature of the consciousness with which 
this writer is familiar and which is of 
recent date is on page 2 of 
Schrodinger’s Mind and Matter: 
“Would it (the world) otherwise 
(without consciousness) have remained 
a play before empty benches, not exist¬ 
ing for anybody, thus quite properly not 
existing?” ’ But there was a sign of 
asymmetry - the only absolutely real, 
one’s own consciousness, does depend 
on food, air and water for its own sur¬ 
vival and functioning, as we are pain¬ 
fully aware; so he made a case for 
devising experiments which might show 
up the effects of consciousness on mat¬ 
ter. In talking of the first kind of reality, 
Wigner also realized and stated its ob¬ 
vious limitations - its awakening with 
birth and infant growth, its extinction at 
death. So he argued for a deep study of 
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the former phase, to understand the na¬ 
ture of consciousness. 

Wigner felt that the development of 
quantum mechanics had widened the 
outlook of most physicists, and also in a 
sense made them inward-looking: ‘Until 
not many years ago, the “existence” of a 
mind or soul would have been passion¬ 
ately denied by most physical scien¬ 
tists ... Even today, there are adherents 
to this view though fewer among the 
physicists than - ironically enough - 
among biochemists’. He also saw that 
quantum mechanics reinforces the cir¬ 
cumstance that any observation and 
interpretation of measurement rests on 
previously constructed and understood 
theory. Thus, we are linked in a chain to 
the very beginnings of our acquisition 
of knowledge of our surroundings and 
its regularities - indeed to phylogenesis 
and ontogenesis. 

Today it may seem that these conclu¬ 
sions of Wigner were premature. Cer¬ 
tainly, efforts are aplenty to find more 
‘acceptable’ interpretations of quantum 
mechanics, without appeal to ourselves 
as essential prerequisites. Was Wigner 
then ‘a victim of his generation’? 
Should we smile at these conclusions 
which he found inescapable? Or was he 
only being ruthlessly honest and ex¬ 
pressing clearly what others hesitated to 
put into words? 

Solid-state physics; reactor theory 
and technology 

I will touch upon these areas only 
briefly. Wigner’s interest in problems of 
solid-state physics and materials science 
stemmed from a very early date. There 
must have been links to his original 
training as a chemical engineer; later on 
his detailed knowledge of properties of 
materials played a key role in his work 
on reactors. Among his gifted students 
in solid-state science in the 1930s we 
may mention John Bardeen, Gregory 
Wannier and Frederick Seitz. It was 
Wigner who suggested to Wannier"^^ 
That there ought to be a way to recon¬ 
cile the local and the band concept for 
electrons, and that such a reconciliation 
would probably be useful in understand¬ 
ing the spectra of insulators’. Wigner 
also worked on radiation damage in 
solids — the detailed microscopic picture 
of lattice defects occurring when mate¬ 
rials are irradiated with neutrons, the 
resulting changes in heat and electrical 
conductivity and ductility, and also the . 
ways in vyhich the material seems to 


recover from the damage as time goes 
on^^ 

Wigner was the source of much of the 
theory and the major technological de¬ 
velopments connected with nuclear re¬ 
actors. His contributions began in 1940. 
As briefly mentioned earlier, he was a 
leader at the University of Chicago 
Metallurgical Laboratory during 1943- 
45. He contributed to the development 
of research reactors, power reactors and 
plutonium production reactors. On the 
theoretical front he made major contri¬ 
butions to the spectrum of the Boltz¬ 
mann equation, neutron thermalization, 
thermal utilization and resonance ab¬ 
sorption. All very practical contribu¬ 
tions ‘which one would hardly, a priori, 
have associated with the same man who 
introduced group theory into quantum 
mechanics’^^ 

Views on science, philosophy and 
life 

Wigner was a gifted and articulate ex¬ 
positor of science and its principles to 
general audiences. However, he fre¬ 
quently indulged in a kind of mock 
humility-as his Princeton colleagues 
explained his language^^ ‘A piece of 
work is “amusing” if it is correct and 
beautiful; it is “interesting” if it is 
wrong and messy.’ And in describing 
the epistemology of quantum mechanics 
to an audience of nonphysicists, he said 
of himself the writer^^: ‘He realizes the 
profundity of his ignorance of the 
thinking of some of the greatest phi¬ 
losophers and is under no illusion that 
the views to be presented will be very 
novel. His hope is that they will appear 
sensible.’ He could convey sharp ideas 
pithily: ‘Some one once said that phi¬ 
losophy is the misuse of a terminology 
which was invented just for this pur¬ 
pose’. 

These apart, his grasp of and concern 
for the grand principles of science were 
very deep. The role of invariance prin¬ 
ciples and their associated conservation 
laws captivated him-he dwelt upon 
them at length on many occasions^"^, and 
said: ‘A large part of my scientific work 
has been devoted to the study of symme¬ 
try principles in physics ....’ He titled 
his Nobel lecture ‘Events, laws of na¬ 
ture, and invariance principles’. He 
often described as a miracle the fact that 
human understanding could uncover 
laws of nature, and separate them from 
the accidents of initial conditions. The 
laws provide structure and coherence to 


events, and, in turn, the symmetry prin¬ 
ciples provide these qualities to laws; 
thus one has the ascending progression: 
events to laws to symmetry principles. 

Turning to the role of mathematics in 
natural science, he expressed wonder at 
the way in which mathematical concepts 
and connections show up in unexpected 
ways and places, and also at the fact that 
tentative theories turn out upon further 
development to be far more accurate 
than could reasonably have been ex¬ 
pected at the outset. ThisMed him to 
conclude that, since we do not quite 
know why we succeed so well so often, 
we must be cautious and not immedi¬ 
ately regard a successful explanation as 
the truth! 

Pondering on the likely future of sci¬ 
ence, Wigner- wondered whether it 
might not wind down under its own 
weight, and lose its attractiveness to the 
young. The increasing extent of science 
makes it go beyond the reach of any one 
individual. But the response to this can¬ 
not just be an increase in team efforts, 
because this can never capture true 
creative thinking in the individual sub¬ 
conscious. There is a need here to find 
deeper ways of sharing information and 
insight, of harmonizing the collective 
conscious with the subconscious in each 
individual. 

Continuing on the theme of the 
growth of science and the emergence of 
large collaborative efforts, he argued for 
protecting the individual and giving 
value and esteem to little science: ‘One 
does not have the satisfaction which 
creative work, as we know it today, 
provides, if one’s activities are too 
closely directed by others’. About the 
emergence of deep insights, ‘It is hard 
to imagine how they can be developed 
other than in comparative solitude’. And 
as for the pleasures of pursuing science: 
‘It has been said that the only occupa¬ 
tions which bring true joy and satisfac¬ 
tion are those of poets, artists, and 
scientists, and, of these, the scientists 
are apparently the happiest.’ 

Through the description of his work I 
have tried to convey the fact that 
Wigner acknowledged very graciously 
his debt to some of his most gifted con¬ 
temporaries. He was also generous in 
his assessment of them. Of von Neu¬ 
mann he wrote: ‘... whenever I talked 
with the sharpest intellect whom I have 
known - with von Neumann - I always 
had the impression that only he was 
fully awake, that I was halfway in a 
dream.’ And about Richard Feynman: 
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‘He is a second Dirac, only this time 
more human’. 

Two persons that Wigner had been 
very close to — Enrico Fermi and von 
Neumann - both died in their fifties. 
Wigner described and contrasted their 
attitudes to the inevitable. With Fermi, 
‘On a heroic scale was his acceptance of 
death ... He was so completely com¬ 
posed that it appeared superhuman’. But 
with von Neumann it was very, different: 
‘It was heartbreaking to watch the frus¬ 
tration of his mind, when all hope was 
gone, in its struggle with the fate which 
appeared to him unavoidable but unac¬ 
ceptable’. These experiences must have 
affected Wigner deeply; at a convoca¬ 
tion address to an audience of young 
students soon after, he said: ‘Our cul¬ 
ture is committing a sin by covering our 
eyes against the realization that none of 
us will be here always’. And to a gen¬ 
eral audience some time later: ‘The rec¬ 
ognition that physical objects and 
spiritual values have a very similar kind 
of reality has contributed in some meas¬ 
ure to my mental peace’. These various 
expressions seem related. 

Wigner was a physicist who achieved 
rare range and depth in his life and 
work. He was a product of the old world 
who flowered during the golden age of 
theoretical physics, and carried the fra¬ 
grance of his subject to the new world. 
The time seems past when such another 
can appear. 


References and footnotes 

1. In the following, frequent references 
will be made to the following three 
sources: (a) Wigner, E. P., Group The- 
ory and its Application to the Quantum 
Mechanics of Atomic Spectra, Aca¬ 
demic Press, New York, 1959; (b) Re¬ 
views of Modern Physics, vol. 34, no. 4, 
(c) Wigner E. P., Symmetries and Re¬ 
flections - Scientific Essays, Indiana 
University Press, 1967. For brevity we 
shall refer to these as GT, RMP and SR, 
respectively. 

2. SR, p. 257. 

3. Wigner, E. P., Remembering Paul Dirac, 
in Reminiscences about a Great Physi¬ 
cist: Paul Adrien Maurice Dirac, (eds. 
Kursunoglu, B. N. and. Wigner, E. P.), 
Cambridge University Press, Cam¬ 
bridge, 1987. 

4. Dirac Margit, Thinking of my darling 
Paul, in Reminiscences about a Great 
Physicist: Paul Adrien Maurice Dirac, 
(eds. Kursunoglu, B. N. and. Wigner E. 
P., Cambridge University Press, Cam¬ 
bridge, 1987. 

5. Wheeler, J. A., in RMP, p. 873. 

384 


6. Dresner, L. and Weinberg, A. M., in 
RMP, p. 747. 

7. Wigner, E. P., Uber die Erhaltungssatze 
in der Quanten mechanik, Nachr. Ges. 
Wiss. Gottingen, Math — Physik, Kl. 
1927, p. 375, SR, p. 61. 

8. Laporte, O., Z. Phys., 1924; 23, 135; 
GT, Chap. 18. 

' 9. GT., Chaps. 15 and 16; Bargmann, V., 
in RMP, p. 829; Biedenharn, L. C. and 
Louck, J. D., Angular Momentum in 
Quantum Physics - Theory and Appli¬ 
cation, Encyclopedia of Mathematics 
and its Applications (ed. Rota, G. C.), 
Addison-Wesley, Reading MA, 1981, 
vol. 8. 

10. GT, Appendix to Chap. 20; Bargmann, 
V., J. Math, Phys., 1964, 5, 862; 
Biedenharn, L. C. and Louck, J. D., The 
Racah-Wigner Algebra in Quantum 
Theory, Encyclopedia of Mathematics 
and its Applications, (ed. Rota, G. C.), 
Addison-Wesley, Reading, MA, 1981, 
vol. 9, Chap. 5. 

11. Wigner, E. P., Uber die Operation der 
Zeitumkehr in der Quanten mechanik, 
Nachr. Gcs. fViss. Gottingen, Math- 
Physik, Kl., 1932, p. 546; GT, 
Chap, 26. 

12. von Neumann, J. and Wigner, E. P., 
Uber das Verhalten von Eigenwerten bei 
adiabatischen Prozessen, Phys. 2., 1929, 
30, 467; see also Landau, L. D. and Lif- 
shitz, E. M., Quantum Mechanics, Per- 
gamon Press, Oxford, 1965, p. 279. 

13. Wick, G. C., Wightman, A. S. and 
Wigner, E. P., The intrinsic parity of 
elementary particles, Phys. Rev., 1952, 
88, 101; see also Streater, R. F. and 
Wightman, A. S., PCT, Spin and Statis¬ 
tics, and all that, Benjamin, W. A., New 
York, 1964, Chap. 1. 

14. GT, p. V. 

15. Weisskopf, V. and Wigner, E. P., 
Berechnung der naturlichen Linienbreite 
auf Grund der Diracschen Licht theoric, 
Z. Phys., 1930, 63, 54; Uber die naturli- 
che Linien breite in der Strahlung des 
harmonischen Oszillators, ibid., 1930, 
65, 18; see also Goldberger, M. L. and 
Watson, K. M., Collision Theory, 
Wiley, New York, 1964, Chap. 8; Mer- 
zbacher, E., Quantum Mechanics, 
Wiley, New York, 1970, 2nd edn., 
chap. 18. 

16. Wigner, E. P,, On the quantum correc¬ 
tion for thermodynamic equilibrium, 
Phys. Rev., 1932, 40, 749; see also 
Hillery, M., O’Connell, R. F., Scully, 
M. O. and Wigner, E. P., Distribution 
functions in physics; Fundamentals, 
Phys. Rep., 1984,106, 121. 

17. Weyl, H., The Theory of Groups and 
Quantum Mechanics, Dover, New York, 
1931, p. 274; Moyal, J. E,, Proc. Camb. 
Phil. Soc., 1949, 45, 99. 

18. Wigner, E. P., Lower limit for the en¬ 
ergy derivative of the scattering phase 
shift, Phys. Rev. 1955, 98, 145; see also 
Goldberger, M. L. and Watson, K. M., 


in ref. 15, chap. 8, p. 492; Brenig, W. 
and Haag, R., General quantum theory 
of collision processes, in Quantum 
Scattering Theory (ed. Mare Ross.), 
Indiana University Press, Bloomington, 
1963, Section 3. 

19. von Neumann, J. * and Wigner, E. P., 
Uber merkwurdige diskrete Eigenworte, 
Phys. Z., 1929, 30, 465; see also Bal- 
lentine, L. E., Quantum Mechanics, 
Prentice-Hall, Englewood Cliffs, NJ, 
1990, p. 205. 

20. Jordan, P., von Neumann, J. and 
Wigner, E. P., On an algebraic generali¬ 
zation of the quantum mechanic formal¬ 
ism, Ann. Math., 1934, 35, 29; see also 
Biedenharn, L. C. and Louck, J. D., in 
ref. 10, chap. 5. 

21. Wigner, E. P., On the mass defect of 
helium, Phys. Rev., 1933, 43, 252; Uber 
die streuung von neutronen an protonen, 
Z Phys., 1933, 83, 253; Bartlett Jr., J. 
H., Phys. Rev., 1936, 49, 102; Majorana 
E., Z Phys., 1933, 82, 137; Heisenberg, 
W., Z P/7y5., 1932, 77, 1. 

22. Bohr, N., Nature 1936, 137, 344; Breit, 
G. and Wigner, E. P., Capture of slow 
neutrons, Phys. Rev., 1936, 49, 519. 

23. Wigner, E. P., Resonance reactions and 
anomalous scattering, Phys. Rev., 1946, 
70, 15; Resonance reactions, Phys. Rev. 
1946, 70, 606; Eisenbud, L. and 
Wigner, E. P., Higher angular momenta 
and low-range interaction in resonance 
reactions, Phys. Rev., 1947, 72, 29; SR, 
p. 93; Vogt, E. in RMP, p. 723. 

24. Wigner, E. P., On the consequences of 
the symmetry of the nuclear Hamilto¬ 
nian on the spectroscopy of nuclei, 
Phys. Rev., 1937, 51, 106; reprinted in 
Dyson, F. J., Symmetry Groups in Nu¬ 
clear and Particle Physics, Benjamin, 
W. A., New York, 1966. 

25. Heisenberg, W., Z Phys., 1932, 77, 1. 

26. See, for instance, the reprint group 3 in 
Dyson, F. J., ref 24. 

27. Wigner, E. P., Gatlinberg Conf on 
Neutron Physics, Oak Ridge Natl. Lab. 
Rept. No.ORNL-2309, p. 59; On the 
statistical distribution of the widths and 
spacings of nuclear resonance levels, 
Proc. Camb. Phil. Soc., 1951, 47, 790. 

28. Dyson, F. J., J. Math. Phys., 1962, 3, 
140, 1191; Dyson F. J. and Mehta, M. 

L. , J. Math. Phys., 1963, 4, 701; Mehta, 

M. L., Random Matrices, Academic 
Press, New York, 1967. 

29. Dirac, P. A. M., Proc. R. Soc. London, 

1927, A114, 243. 

30. Jordan, P. and Wigner, E., Uber das 
Paulische Aquivalenzverbot, Z Phys., 
1928,47,631. 

31. Kragh, H. S., Dirac - A Scientific Biog¬ 
raphy, Cambridge University Press, 
Cambridge, 1990, pp. 128-129, 289, 
338. 

32. Dirac, P. A. M., Proc. R. Soc. London, 

1928, A117, 610; A118, 351. 

33. Majorana, E., Nuovo dm., 1932, 9, 
335; Dirac P. A. M., Proc. Roy. Soc. 


CURRENT SC if:NCE, VOL. 69, NO. 4, 25 AUGUST 1995 



HISTORICAL COMMENTARY AND NOTES 


London, 1936, A155, 447; Al. Proca, J. 
Phys. Rad., 1936, 7, 347. 

34. Wigner, E., On unitary representations 
of the inhomogeneous Lorentz group, 
Ann. Math., 1939, 40, 149. 

35. Quoted in ref. 13. 

36. For quantum-mechanical purposes, one 
has to deal with the group SL(2, C), the 
universal covering group of the HLG, 
and its subgroups. 

37. Harish-Chandra, Proc. Roy. Soc. Lon¬ 
don, 1947, A189, 372; GePfand I. M. 
and Naimark, M. A., Izv. Akad. Nauk. 
SSSR, 1947, 11,411. 

38. Bargmann, V., Ann. Math., 1947, 48, 
568. 

39. Dirac, P. A. M., in RMP, p. 592. 

40. Wigner, E. P., Invariance in physical 
theory, Proc. Am. Phil. Soc., 1949, 93, 
521; reprinted in SR, p. 8-9. 

41. Bargmann, V. and Wigner, E. P., Group 
theoretic discussion of relativistic wave 
equations, Proc. Natl. Acad. Sci., USA, 
1948, 34,211. 


42. Newton, T. D. and Wigner, E. P., Local¬ 
ized states for elementary systems. Rev. 
Mod. Phys., 1949, 21, 400. 

43. Inonu, E. and Wigner, E. P., On the 
contraction of groups and their repre¬ 
sentations, Proc. Natl. Acad. Sci. USA, 
1953,39, 510. 

44. Salecker, H. and Wigner, E. P., Quan¬ 
tum limitations of the measurement of 
space-time distances, Phys. Rev., 1958, 
109, 571; SR, pp. 62 ff. 

45. Wigner, E. P. and van Dam, H., Classi¬ 
cal relativistic mechanics of interacting 
point particles, Phys. Rev., 1965, B138, 
1576. 

46. Wigner, E. P., The problem of meas¬ 
urement, Am. J. Phys., 1963, 31, 6; Re¬ 
marks on the mind-body question, in 
The Scientist Speculates (ed. Good, I. 
J.), William Heinemann, London, 1961; 
Two kinds of reality. The Monist, 1964, 
48, (2); all reprinted in SR, pp. 153, 
171,185. 


47. London, F. and Bauer, E., La Theorie de 
rObservation en Mecanigue Quan- 
tique^\ Hermann et Cie, Paris, 1939. 

48. von Neumann, J., Mathematical Foun¬ 
dations of Quantum Mechanics, Prince¬ 
ton University Press, Princeton, New 
Jersey, 1955. 

49. Wannier, G. in RMP, p. 645. 

50. SR, p. 126. 

51. Dresner Lawrence and Weinberg, A. M., 
in RMP, p. 747. 

52. Bargmann, V. et al, in RMP, p. 588. 

53. SR, p. 186. 

54. In addition to the articles included in 
SR, see also Houtappel, R. M. F., van 
Dam, H. and Wigner, E. P., The concep¬ 
tual basis and use of the geometric in¬ 
variance principles. Rev. Mod. Phys., 
1965,37, 595. 


N. Mukunda is in the Centre for Theoretical 
Studies and Department of Physics, Indian 
Institute of Science, Bangalore 560 012, 
India. 


INDIAN INSTITUTE OF SCIENCE 

Bangalore 560 012 

Postdoctoral Research Associateships in Life Sciences and Biotechnology 

(A DBT-sponsored programme) 


Applications are invited from candidates with PhD in biological, chemical or physical sciences, 
or MD, for the award of temporary Research Associateship (maximum duration 2 years) to carry 
out research in frontier areas of biology in the Division of Biological Sciences at lISc under the 
DBT-sponsored postdoctoral programme. Candidates who have submitted their theses are also 
eligible to apply, but they may be appointed as Provisional Research Associates till they obtain 
the degree. Minimum consolidated emoluments for Research Associates will be around 
Rs 4,000 p.m. 

Candidates should apply on plain paper, giving (1) biodata, (2) a summary of the PhD work, in¬ 
cluding the list of publications (reprints if any), (3) two reference letters, from the supervisor and 
from persons familiar with their scientific work, and (4) an undertaking that they will continue 
with the training programme for its duration. 

After initial screening, candidates will be called for an interview at lISc, Bangalore, in the 
third/fourth week of September 1995. The PDF programme will start from 1 October 1995. Send 
applications to Prof. K. P. Gopinathan, Convenor, DBT-PDF programme at lISc Chairman, De¬ 
partment of Microbiology and Cell Biology, Indian Institute of Science, Bangalore 560 002, to 
reach him before 10 September 1995. 


Edited and published by Prof S. Ramaseshan and Prof P. Balaram, Current Science Association, Bangalore 560 080. 
Typeset by Creative Literati Pvt. Ltd,, Bangalore (Tel. Cum Fax: 5462698) Printed at Printek, Bangalore (3357763) 


CURRENT SCIENCE, VOL. 69, NO. 4, 25 AUGUST 1995 


385 







Wc^ll licl|» Y»i> yet there 


If you’re selling science books/journals or labora¬ 
tory products, or wish to recruit scientists in your 
establishment, then 

you’re sure to benefit by 
advertising here. 

Because Current Science reaches nearly every 
university, scientific institution and industrial R&D 
unit in India. What’s more, it’s read by hundreds of 
individual subscribers-students, doctoral scientists 
and professionals in virtually every field of scientific 
activity in India. 

Current Science has the largest circulation 
among scientific journals in India. 

And to give you more impact, we’re now bigger, 
and better. 

Write now, or send your copy to 

CURRENT SCIENCE 

C.V. Raman Avenue, P.B. No. 8001, 
Bangalore 560 080. 


NEW Display Advertisement Rates* 


Tariff (rupees) 




Inside pages 

Inside cover pages 

Back cover page 

No. of insertions 

Size 

B&W 

Colour 

B&W 

Colour 

B&W 

Colour 

1 

Full page 

Half page 

5,000 

3,000 

10,000 

5,000 

7,000 

12,000 

10,000 

15,000 

6 

Full page 

Half page 

25,000 

15,000 

50,000 

25,000 

35,000 

60,000 

50,000 

75,000 

12 

Full page 

Half page 

50,000 

30,000 

1,00,000 
50,000 

70,000 

1,20,000 

1,00,000 

1.50,000 

24 

Full page 

Half page 

90,000 

50,000 

1,80,000 

90,000 

- 

- 

- 

- 


SEND PAYMENT BY BANK DRAFT WITH ORDER 


* Effective from 1 January 1995 


386 


CURRENT SCIENCE, VOL. 69, NO. 4, 25 AUGUST 1995 




3 SCHOLARLY PUBLICATIONS 

from the INDIAN ACADEMY OF SCIENCES 


Mol ecu fa ? Co ?i f o rma i so n 
and Siofogicaf Interactions^ 



Molecular Conformation and Biological interactions 

G. N. Ramachandran Festschrift 

This tribute to G. N. Ramachandran, one of the pioneers in the area of protein 
structure and conformational analysis, brings together over 40 state-of-the-art 
articles on protein structure and function, modelling and design of novel 
proteins, membrane channels, drug design and molecular recognition, nucleic 
acid structures. 


INDIAN ACADEMY OF SCIENCES 

BANGALORE 


Hepatitis B Virus and the Public Health 

Selected papers of Baruch S. Blumberg 

Blumberg received the Nobel prize for physiology or medicine in 1976 for his 
researches on hepatitis B virus and his discoveries of mechanisms relating to 
the origin and dissemination of infectious diseases. This collection of papers 
covers a \wide range of fascinating topics—virus subtypes, sex ratio, insect 
vectors, cancer, epidemiology, polymorphisms. 


“ . ■ Hepatitis B Virus ■ ■ 
f and The Public Health 

i Srlettijd PafWj. ■gLBaruah & 8jutiiber|f 


Researches 
on Cellular 
Slime Moulds 




INDIAN ACADEMY OF SCIENCES 

, SA^GAioae. ^ ' 


Researches on Cellular Slime Moulds 

Selected papers of John Tyler Bonner 

Dictyostelium discoideum. the best-studied species of the cellular slime 
moulds, or social amoebae, is a favourite organism for work dealing with a 
range of phenomena studied by molecular, cellular and developmental 
biologists. Perhaps no single person has enriched our understanding of the 
cellular slime moulds as much as J. T. Bonner. 


CIRCULATION DEPARTMENT 
INDIAN ACADEMY OF SCIENCES 
C. V. RAMAN AVENUE 
P. B. NO. 8005 
BANGALORE 560 080, INDIA 


CURRENT SCIENCE, VOL. 69, NO. 4, 25 AUGUST 199 


387 














INFORMATION FOR CONTRIBUTORS 


GENERAL 

All manuscripts should be addressed to the Editor, Current Science, 
P. B. No. 8001, C. V. Raman Avenue, Bangalore 560 080. 
Submission of an article will be held to imply that it has not 
been previously published and is not under consideration for 
publication elsewhere; and further, that if accepted, it will not be 
published elsewhere. Three copies of contributions of all categories 
are required, with a letter of transmittal giving (i) names and 
complete addresses of the authors and (ii) title of the contribution 
and the category in which it is submitted (see below). 

Current Science is a multidisciplinary journal and therefore research 
and review papers of general significance that are written clearly 
and well organized will be given preference. All papers will be 
first assessed by a Reviewing Editor. Papers found unsuitable in 
terms of the overall requirements of the journal will be returned 
to the authors. The others will be sent for detailed review. Both 
solicited and unsolicited material will be reviewed. Authors of 
these papers will be notified of acceptance, rejection, or need for 
revision of the paper. Returned papers cannot be resubmitted. 
Illustrations and other material to be reproduced from other pub¬ 
lications must be properly credited; it is the authors’ responsibility 
to obtain permission for reproduction (copies of letters of permission 
should be sent). 

CATEGORIES OF MANUSCRIPT 

General articles (not exceeding 5000 words) discuss current trends 
in research in a field that will be of interest to readers outside 
the field; interdisciplinary topics: science policy and administration; 
or some aspect of the application of science and technology to 
human needs or the impact of science and technology on 
society/ecosystems/life. They should include a summary not exceed¬ 
ing 100 words, introductory paragraph(s), brief subheads at appro¬ 
priate places to point to what follows, illustrations that will help 
a general reader, and references. 

Review articles (not exceeding 5000 words) are expected to survey 
and discuss recent developments in a field. They should be well 
focused and organized, and avoid a general, ‘textbook’ style. 
Research articles (not exceeding 4000 words) should report research 
results of fairly major significance. They should include an abstract 
not exceeding 100 words; introductory paragraph(s), and brief 
subheads. 

Research communications (not exceeding 2000 words) should 
contain important findings that are novel and of fairly broad 
interest. They should include a brief abstract and an introductory 
paragraph. Text should not be broken up under subheads. 
Correspondence includes letters, not exceeding 500 words, that 
are of general interest to scientists. All letters cannot be published. 
Scientific correspondence contains technical comments, including 
those on articles or communications published in Current Science 
within the previous six months. Letters may be reviewed and edited. 
Research news articles are intended to inform nonspecialists about 
recently published advances or important findings discussed at a 
meeting. Authors should also send a copy of the paper(s) on which 
the article is based. Meeting reports should avoid merely listing 
brief accounts of topics discussed, and must convey to readers the 
significance of an important advance. 

Research accounts articles are intended to be personalized reviews 
of research from the authors’ own laboratory, based on a body 
of published work. The articles must provide appropriate background 
to the area in a concise introduction, which should also serve to 
place the author’s work in proper perspective. Articles will normally 


not exceed 8 to 10 printed pages. 

Opinion articles present views on issues related to science and 
scientific activity. Commentary articles should contain expository 
notes on issues related to science and scientific activity. 

Book reviews. Unsolicited reviews will also be «.cnsidered. Reviews 
that merely ‘list’ brief descriptions of the contents cannot be 
published. Reviews should have ‘context’ and convey some infor¬ 
mation about the subject of the book. 

Historical commentary and notes inform readers about interesting 
aspects of personalities or institutions of science or about watershed 
events in the history/development of science; most are expected 
to relate to India. Illustrations are welcome. Brief items will also 
be considered. 

MANUSCRIPT PREPARATION 

Manuscripts should be typed double-spaced on one side of white 
bond paper (21x28 cm). The pages should be numbered con¬ 
secutively, starting with the title page and through the text, reference 
list, tables and figure legends. The title should be brief, specific 
and amenable to indexing. Not more than five keywords should 
be indicated separately; these should be chosen carefully and must 
not be phrases of several words. Summary and abstract should 
not have more than 100 words and should convey the main point 
of the paper, outline the results and conclusions, and explain the 
significance of the results. 

Text All papers should have a brief introduction. The text should 
be intelligible to readers in different disciplines and technical terms 
should be defined. Tables and figures should be referred to in 
numerical order. All symbols and abbreviations must be defined, 
and used only when absolutely necessary. Superscripts and subscripts 
and ambiguous characters should be clearly indicated. Units of 
measure should be metric or, preferably, SI. Methods should, as 
far as possible, be described briefly in appropriate table and figure 
legends. 

Figures. In the case of line drawings one set of originals (without 
any lettering) is sufficient, with two copies containing lettering. 
In the case of photographs good prints are required with each 
copy of the manuscript; photocopies are not acceptable. Line 
drawings should be roughly twice the final printed size. The correct 
orientation should be indicated if not clear. 

Photomicrographs and other photographs that require it must have 
a scale bar, which should be defined clearly in the legend. Primary 
data should be submitted as far as possible (e.g. actual photographs 
of electrophoretic gels rather than idealized diagrams). 

References should be numbered in the order in which they appear, 
first through the text and then through table and figure legends. 
The following are examples of ways of writing references. 

1. Mukundan, T. and Kishore, K., Curr. ScL, 1991, 60, 355-362. 

2. Constantine, G., in Biology of Bats (ed. Wimsatt, W. A.), 
Academic Press, New York, 1970, vol. 1, pp. 319-322. 
Acknowledgements should be brief. Footnotes are not allowed 
except to identify the corresponding author if not the first. 

Cover photographs. Good photographs (colour or black and white) 
that pertain to a submitted paper will be considered for use on 
the cover. Good prints and a legend should be submitted with the 
manuscript. In the case of a colour picture, a transparency will 
be required for printing if accepted. 

PROOFS AND PUBLICATION 

Two sets of galley proofs are sent to the corresponding author. 
A reprint order form accompanies the proofs. 


388 


CURRENT SCIENCE, VOL. 69, NO. 4, 25 AUGUST 1995 



CURREHT SCIENCE 

A fortnightly journal of research 

Editors: S. Ramaseshan and P. Bafaram 


Editorial Board 

S. Arunachalam, Central Electrochemical Research Institute, 
Karaikudi 623 006 

Asis Datta, School of Life Sciences, Jawaharlal Nehru University, 
New Delhi 110 067 

D. Balasubramanian, Centre for Cellular and Molecular Biology 
Hyderabad 500 007 

J. Chandrasekhar, Department of Organic Chemistry, Indian Institute 
of Science, Bangalore 560 012 

R. Gadagkar, Centre for Ecological Sciences, Indian Institute of 
Science, Bangalore 560 012 

K. N. Ganeshaiah, Department of Plant Genetics and Breeding, 
University of Agricultural Sciences, Bangalore 560 065 

R. V. Hosur, Tata Institute of Fundamental Research, Bombay 
400 005 

N. V. Joshi, 'Centre for Ecological Sciences, Indian Institute of 
Science, Bangalore 560 012 

Jyotirmoy Das, Indian Institute of Chemical Biology, Calcutta 
700 032 

C. C. Kartha, Division of Cellular and Molecular Cardiology, Sree 
Chitra Tirunal Institute for Medical Sciences and Technology, 
Thiruvananthapuram 695 011 

S. S. Krlshnamurthy, Inorganic and Physical Chemistry Department, 
Indian Institute of Science, Bangalore 560 012 

S. C. Lakhotia, Department of Zoology, Banaras Hindu University, 
Varanasi 221 005 

K. Muralidhar, Department of Zoology, Delhi University, 
Delhi 110 007 

R. Narasimhan, CMC Limited, Bangalore 560 001 
K. Neelakantan, ANURAG (Advanced Numerical Research and 
Analysis Group), Hyderabad 500 258 

R. Nityananda, Raman Research Institute, Bangalore 560 080 

T. Padmanabhan, Inter-University Centre for Astronomy and 
Astrophysics, Pune 411 007 

B. R. Pai, Propulsion Division, National Aerospace Laboratories, 
Bangalore 560 017 

T. J. Pandian, School of Biological Sciences, Madurai Kamaraj 
University, Madurai 625 021 

Y. S. Rajan, Department of Science and Technology, New Delhi 
110016 

M. Ramakrishnan, Geological Survey of India, Calcutta 700 016 
A. V. Ramani, T. T. K. Pharma Ltd., Bangalore 560 025 

S. Ramaswam'y, Department of Physics, Indian Institute of Science, 
Bangalore 560 012 

A. K. Raychaudhuri, Department of Physics, Indian Institute of 
Science, Bangalore 560 012 

S. R. Shetye, Physical Oceanography Division, National Institute of 
Oceanography, Dona Paula, Goa 403 004 
V. Siddhartha, 51 Bharati Nagar, New Delhi 110 003 
V. Srinivas, School of Mathematics, Tata Institute of Fundamental 
Research, Bombay 400 005 

G. Srinivasan, Rarran Research Institute, Bangalore 560 080 
R. Uma Shaanker, Depa tment of Crop Physiology, University of 
Agricultural Sciences, Bangalore 560 065 
K. S. Valdiya, Department of Geology, Kumaun University, 
Nainital 263 002 

G. Venkataraman, Department of Physics, Sri Sathya Sai Institute 
of Higher Learning, Prasanthi Nilayam 515 134 
M. Vidyasagar, Centre for Artificial Intelligence and Robotics, 
Bangalore 560 001 

K. VijayRaghavan, TIFR Centre. Indian Institute of Science Campus, 
Bangalore 560 012 


Current Science, founded in 1932, is published by the Current 
Science Association in collaboration with the Indian Academy of 
Sciences. The iournal is also intended as a medium for 
communication and discussion of important issues that concern 
science and scientific activity. All articles published in Current 
Science, especially editorials, opinions and commentaries, letters 
and book reviews, are deemed to reflect the individual views of 
the authors and not the official points of view, either of the 
Current Science Association or of the Indian Academy of 
Sciences. 


Working Committee, Current Science Association 

P. Balaram, Indian Institute of Science, Bangalore 
R. Chidambarann, Department of Atomic Energy, Bombay 
V. K. Gaur, CSIR Centre for Mathematical Modelling and Computer 
Simulation, Bangalore 

K. Kasturirangan, ISRO Satellite Centre, Bangalore 

P. K. Kaw, Institute for Plasma Research, Gandhinagar 

N. Kumar, Raman Research Institute, Bangalore {Vice-President) 

N. V. Madhusudana, Raman Research Institute, Bangalore (Secretary) 

A. Mani, Field Research Unit, Indian Institute of Tropical Meteorology, 
Bangalore (Past-President) 

R. A. Mashelkar, National Chemical Laboratory, Pune 
R. Narasimha, Jawaharlal Nehru Centre for Advanced Scientific 
Research, Bangalore 

G. Padmanaban, Indian Institute of Science, Bangalore 
(Vice-President) 

R. Ramachandran, The Institute of Mathematical Sciences, Madras 
P. Rama Rao, Department of Science and Technology, New Delhi 

S. Ramaseshan, Raman Research Institute, Bangalore (Treasurer) 

M. S. Valiathan, Manipal Academy of Higher Education, Manipal 

(President) 

Editorial Office 

Editorial staff 

Chandrika Ramesh, G. Madhavan, C. S. Ravi Kumar, 
M. S. Venugopal 

Circulation and Accounts 

Peter Jayara], Ranjini Mohan, B. Sethumani, Shanthi Bhaskar, 

B. K. Shivaramiah 


Annual subscription 1995 

Institutional 

Personal 

India 

Rs 350 

Rs 100 

All other countries 

US $175 

US $50 

(AIR MAIL) 



Single copies other than special issues: Rs 35/US $15 


Editorial Office: CURRENT SCIENCE 
C. V. Raman Avenue 
P.B. 8001 

Bangalore 560 080, India 
Telephone: 91-80-3342310 
Telex 845-2178 ACAD IN 
Fax: 91-80-3346094 


Copyright© 1995, Indian Academy of Sciences 




IPS-11 


July 28-Aug 02, 1996 
Bangalore, India 

Scientific 

Programme 


Location 


International 

Organizing 

Committee 


Local Organizers 


Second Circular 


Correspondence 


Eleventh International Conference on Photochemical 
Conversion and Storage of Solar Energy (IPS-11) 

The IPS conferences are held every two years with the aim of outlining 
the latest developments in the field of photochemical conversion and 
storage of solar energy. The eleventh conference of this kind will cover 
the following areas: 

* Photoinduced electron transfer processes 

* Photocatalysis m heterogeneous and homogeneous systems 
^ Photoelectrochemistry 

^ Photosynthesis in biological and biomimetic systems 
¥ Quantum chemical studies of molecules on surfaces under the influence 
of light 

^ Thermodynamic aspects of quantum solar energy conversion 
^ Environmental applications of photocatalytic systems 
^ Materials for photoenergy conversion and photochemical engineering 

These topics will be discussed in plenary and at invited lectures, workshops 
and poster sessions. Contributions from participants are encouraged. A 
book of abstracts will be distributed at the conference. 

The Eleventh International Conference on Photochemical Conversion and 
Storage of Solar Energy (IPS-11) will be held in the National Science 
Seminar Complex, Bangalore, India. 

E. Amouyal (France): G.A. Bignozzi (Italy): M. Calvin (USA); G. Calzaferri 
(Switzerland): Y. Cao (Chma); M. A. Fox (USA); M. Fujihira (Japan); D. 
Gust (USA); G. Hodes (Israel); V. Krishnan (India); J.-M. Lehn (France); 
N. S. Lewis (USA); S. E. Lindquist (Sweden); A. Nozik (USA); V. N. 
Parmon (Russia); E. Pelizzetti (Italy); Sir G. Porter (UK); N. Serpone 
(Canada); H. Tributsch (Germany); F. Wilkinson (UK); H. Yoneyama 
(Japan); F. Willig (Germany); K. I. Zamaraev (Russia) 

S. Umapathy and P. K. Das, Department of Inorganic and Physical 
Chemistry, Indian Institute of Science, Bangalore. 

The second circular containing more details will be sent by October 1995. 
The Organizing Committee would appreciate your supplying this 
information to others who may be interested in attending the IPS-11. 

The Secretariat IPS-11 
Prof. V. Krishnan 

Department of Inorganic and Physical Chemistry 

Indian Institute of Science 

Bangalore 560 012, India 

Tel: 91-80-3092296 

Fax: 91-80-3341683. 



Founded: 1932 


ISSN: 0011-3891 


(■BIT aw 


Volume 69 Number 5 


10 September 1995 


In this issue 

NEWS ~~ 

Peer review under scrutiny 

C. C. Kartha 

CORRESPONDENCE 

What NSU report leaves unanswered! 

Y. P. Joshi 

Proposal for a National Science School 
Oomen Abraham 

SCIENTIFIC CORRESPONDENCE 

The ultimate constituents of matter 

K. Vasudeva Rao; Reply by K. V. L. Sarma 

Record of Upper Gondwana flora from-Bairam-Belkher area of district 
Amravati, Maharashtra and district Betul, Madhya Pradesh 
A. K. Srivastava, P. D. Banubakode, V. M. Kale and G. V. Patil 

First report of the Late Permian sporangiate fructification Nesowalesia Pant 
from India 

Shaila Chandra and Kamal Jeet Singh 

COMMENTARY 

Whither microbiology? 

Ramesh Maheshwari 

Finding patterns in nature’s maze: An endless quest 
K. Chandrashekara 

GENERAL ARTICLES 

INS AT Master Control Facility: An insight 
S. Rangarajan 

Vegetarianism: A nutritional appraisal 
K. T. Achaya 

Cursive English script recognition - A knowledge-based system 
P. V. S. Rao and T. M. Ajitha 

REVIEW ARTICLE ~ ~ “ 

Wave-particle duality and Bohr> complementarity principle in quantum 
mechanics 

D. Sen, A. N. Basu and S. Sengupta 


CURRENT SCIENCE, VOL. 69, NO. 5, 10 SEPTEMBER 1995 


389 


RESEARCH ARTICLE 


434 

448 

452 

454 

458 

461 

464 

467 

470 

471 

473 

474 

476 


a-Turns in protein structures 

D. V. Nataraj, N. Srinivasan, R. Sowdhamini and C. Ramakrishnan 
RESEARCH COMMUNICATIONS 

Task activation of the human brain studied in real time by functional magnetic 
resonance imaging 

N. R. Jagannathan and P. Raghunathan 

Radon precursory signals of Chamba earthquake 
H. S. Virk, Vivek Walia and Anand K. Sharma 

Palaeogeographic evolution of the Akkulam lake and its geotechnical implica¬ 
tions in the urban development of Thiruvananthapuram 

K. Reghunadh, K. Sajan and S. Mohanakumar 

Characterizing intergeneric regenerants of protoplast fusion between Hyos- 
cyamus muticus (Egyptian henbane) and Atropa belladonna (Indian sagangur) 
C. C. Giri and P. S. Ahuja 

Mechanism of wound healing induced by chitosan in streptozotocin diabetic 
rats 

A. Naseema, Pius S. Padayatti and C. S. Paulose 

Permeability of cuticle of Helicoverpa armigera (Hubner) larvae to deltamethrin 
A. P. Padma Kumari, A. Phokela and K. N. Mehrotra 

BOOK REVIEWS 

Quark and Jaguar, reviewed by A. N. Mitra 

Functional Dynamics of Phytophagous Insects, reviewed by K. Chandrashekara 
and Raghavendra Gadagkar 

The State of Food and Agriculture 1993 and 1994, reviewed by M. S. Swaminathan 
PERSONAL NEWS 

A visionary and courageous scientist, an obituary of Jonas Salk by G. P. Talwar 
A doyen of Indian physicists, an obituary of S. D. Chatterjee by D. N. Bose 

HISTORICAL COMMENTARY AND NOTES 

A probe into the Calcutta earthquake of 1737 

Pitta Govinda Rao 



390 


COVER. Giant tubeworms, Riftia pachyptila, at hydrothermal vent (Courtesy of 
IFREMER, France). See page 401. 

Indexed in CURRENT CONTENTS/GEOBASE/CHEMICAL ABSTRACTS 

CURRENT SCIENCE, VOL. 69, NO. 5, 10 SEPTEMBER 1995 





In this issue 


Resurrecting microbiology 

Sidney Brenner remarked some time 
ago that 1990 marked the demise of 
both biochemistry and communism. 
For good measure he categorized 
physiology as an extinct discipline 
(Current Biology, 1995,5, 332). Carl 
Woese recently suggested that ‘if 
microbiology is not dead today, it 
definitely is moribund’ (Microbiol. 
Rev., 1994, 58, 1). To the outsider, 
the present boom in biology would 
appear to contradict these remarkably 
harsh assessments on the state of 
many areas of the science. However, 
in the headlong rush to clone, 
sequence and sometimes express 
genes, most students of biology and 
bordering areas have gravitated to 
‘molecular biology’. Armed with a 
formidable array of cellular and 
molecular tools, identifying, cutting, 
pasting and modifying genes appears 
to be the most desirable activity for 
new students of molecular biology. 
Research in this area has advanced 
at a furious pace with an ever 
increasing number of companies 
providing ready-made kits to perform 
almost any experiment. In univer¬ 
sities and institutions where 
researchers are trained, the un¬ 
checked growth of ‘molecular 
biology’ has been at the expense of 
several more traditional disciplines. 


resulting in a new generation of stu¬ 
dents unaware of the importance of 
microbiology, biochemistry and 
physiology. Are these murmurs of 
discontent only a case of sour grapes? 
After all, the molecular genetic 
approach has provided incisive solu¬ 
tions to many major biological issues 
and resolved many an impasse faced 
by the traditionalists. The successes 
of genome sequencing are already 
impressive, with the Haemophilus 
influenzae story being the most recent 
(Science, 1995, 269, 496). Should 
scientific disciplines be given a 
graceful burial when their time is 
past? Or will life in many forgotten 
areas of biology, if nurtured, result 
in a new flowering in the future. 
Ramesh Maheshwari makes a strong 
and reasoned plea (page 401) for 
vigorously promoting microbiology 
as central to the study of all bio¬ 
logy. 

P.B. 

Functional imaging 

When Paul Lauterbur published the 
first NMR images of coaxial tubes 
(Nature, 1973, 242, 190), few would 
have imagined that the new technique 
called ‘zeugmatography’ would 
herald the birth of magnetic 
resonance imaging (MRI). The prefix 


‘nuclear’ was quietly dropped when 
the vast potential of the method in 
clinical medicine was realized. This 
undoubtedly enhanced the rate with 
which this amazing technique entered 
many areas of diagnostic medicine. 
MRI has progressed at an impressive 
pace helped by many fundamental 
advances in the practice of nuclear 
magnetic resonance; the introduction 
of high field superconducting mag¬ 
nets, the development of two-dimen¬ 
sional spectroscopy and the fusion 
of spectroscopy and imaging. Today 
MRI facilities exist at many centres 
in India, with the All India Institute 
of Medical Sciences (AIIMS) boast¬ 
ing of a Department of Nuclear Mag¬ 
netic Resonance. The results of the 
first functional MRI experiments car¬ 
ried out on the 1.5 T whole body 
scanner at AIIMS are reported by 
Jagannathan and Raghunathan on 
page 448. The authors demonstrate 
the possibility of using conventional 
pulse sequences and equipment for 
functional imaging. Neuronal activity 
stimulated by specific physical tasks 
is shown to affect the magnetic 
resonance image. The possible 
applications in neurosciences are 
many. This will undoubtedly require 
a very close interaction between 
neuroscientists and spectroscopists. 

P.B. 
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TOPICS OF SCIENTIFIC SESSIONS 

1. History of Kala-azar research arid contributions of 
Professor Brahmachari 

2. Clinical profile of the disease including PKDL 

3. Epidemiology and transmission dynamics of the disease 

4. Chemotherapeutic approach 

5. Vector biology and control 

6. Immunobiology of host-parasite interaction 

7. Biochemistry and molecular biology of Leishmanial 
parasites 

8. Pathophysiology of Leishmaniasis 

9. Diagnosis 

10. Control 
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Peer review under scrutiny 


The practice of seeking an expert’s com¬ 
ments on submitted articles is as old as 
Philosophical Transactions of the Royal 
Society and is the central mechanism for 
assessment of the quality of manuscripts 
before publication in scientific journals. 
In recent years, a number of editorials 
and articles have addressed various issues 
related to the process of peer reviewing, 
reflecting the increasing interest on the 
subject^"^. Six years ago, thanks to the 
efforts of the editors of some of the 
leading medical journals, a conference on 
peer review was held in Chicago, Illinois^ 
The meeting focused attention on 
problems connected with manuscript 
assessment and helped to stimulate re¬ 
search into relevant aspects of peer 
review. 

A second international congress on peer 
review in biomedical publications was 
held in Chicago, Illinois, in September 
1993 and brought together editors and 
researchers from 20 different countries. 
The Journal of the American Medical 
Association (JAMA) has devoted one of 
its recent issues to publishing 26 articles 
selected from 110 papers presented during 
the conference^. 

The published papers discuss several 
interesting aspects such as effectiveness 
of peer review as a quality control 
mechanism, role of blinded reviews, 
author’s views on editorial practices and 
cognitive aspects of manuscript assess¬ 
ment. 

M. Abbey, M. D. Massey, S. Galandiuk 
and H. C. Polk (The American Journal 
of Surgery) determined what percentage 
of manuscripts rejected by their journal 
were subsequently published in other jour¬ 
nals indexed by MEDLINE. They found 
thal 62% of the manuscripts rejected by 
them remained unpublished in core medi¬ 
cal journals. More than half of the articles, 
ultimately published, appeared in journals 


with a lower circulation rate. Their find¬ 
ings imply that review process effectively 
prevents publication of manuscripts of a 
lower quality. 

The effect of peer review and editorial 
processes on the readability of articles 
has been measured by J. C. Roberts, 
R. H. Fletcher and S. W. Fletcher (Annals 
of Internal Medicine), Editorial practices 
were found to improve the readability of 
the articles as measured by indices such 
as the Gunning fog index and the Flesch 
reading ease score. Readers, mostly prac¬ 
tising physicians, however did not agree 
with the peer assessment with respect to 
the importance of published articles. Arti¬ 
cles which received high marks for impor¬ 
tance were often judged as less relevant 
to clinical practice. This difference in 
opinion may be because the reviewers 
recommend articles containing new infor¬ 
mation and the clinicians are reluctant to 
accept unestablished findings. 

Peer review is thought to be a good 
defence against scientific misconduct. Yet, 
numerous articles with fabricated or 
plagiarized or redundant (duplicate) data 
get published despite peer review. H. N. 
Nigg and G. Redulescu (Bulletin of 
Environmental Contamination and Toxi¬ 
cology) report four cases of misconduct 
encountered in their journal since 1990. 
In three cases, the authors belonged to 
institutions in India. 

P. A. Rochar et al. of Mount Sinai 
Hospital confirm our suspicion that scien¬ 
tific articles published in journal supple¬ 
ments are generally of inferior quality 
when compared with those published in 
the parent journal. Their finding is based 
on assessment by blinded reviewers of 
the quality of articles on randornized con¬ 
trol trials of drug therapies published 
in American Journal of Cardiology, 
American Journal of Medicine and 
American Heart Journal. 


NEWS 


What is the impact of blinded peer 
review? D. N. Laband and M. J. Piette 
from the Department of Economics, 
Auburn University, drew a sample of 
1051 articles in 28 economics journals 
published during 1984 and found that 
articles in journals using nonblindec|, peer 
review received lesser number of citations 
than those in journals using blinded peer 
review. Journals using nonblinded review 
appear to publish a large number of papers 
that should not have been published. 

The basis for recommending blinded 
reviews is that many researchers have the 
apprehension that reviewers recommend 
and editors accept articles that originate 
from prestigious or better-known institu¬ 
tions and those submitted by authors who 
have more previous publications. J. M. 
Garfunkel and colleagues (Journal of 
Paediatrics) found in their analysis that 
there is no difference in the acceptance 
rate of major manuscripts from institutions 
of greater prestige and from other institu¬ 
tions. However, a significant correlation 
existed between institutional rank and 
recommendations or decisions to accept 
case reports and brief reports. M. Fisher, 
S. B. Friedman and B. Strauss (Journal 
of Developmental and Behavioural 
Paediatrics) also concluded from a ran¬ 
domized controlled trial that there was 
no significant difference in the scoring 
of manuscripts and recommendations 
when reviewers were either blinded or 
nonblinded to the previous publication 
record of the author. 

Another form of bias suspected in han¬ 
dling of manuscripts is gender bias. J. R. 
Gilbert, E. S. Williams and D. G. 
Lundberg (JAMA) assessed whether the 
manuscripts received by the journal had 
different manuscript processing charac¬ 
teristics associated with the gender of the 
corresponding author, editor and reviewer. 
Participants in this retrospective cohort 
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study included 8 male and 5 female 
editors, 2452 male and 930 female re¬ 
viewers and 1698 male and 462 female 
authors. Interestingly, the study revealed 
that gender differences exist in editor and 
reviewer characteristics. Female editors 
summarily rejected manuscripts at a 
higher rate than male editors (p < 0.001!). 
Male editors utilized male reviewers more 
often than female reviewers, while female 
editors used reviewers of both genders 
at equal rates. Female editors were 
assigned manuscripts with female cor¬ 
responding authors at a higher rate. Male 
reviewers took significantly longer time 
to return the manuscripts than female 
reviewers. Gender of the reviewers and 
corresponding authors had no association 
with the recommendation made by the 
reviewers. There was no evidence of 
gender bias in the final acceptance rate 
of manuscripts. 

M. Nylenna, P. Riis and Y. Karlsson 
(Journal of Norwegian Medical Associa¬ 
tion) studied the association between the 
characteristics of referees and their assess¬ 
ment of manuscripts, and also the influ¬ 
ence of manuscript language. Experienced 
and young referees were found to provide 
better reviews than their older colleagues. 
In Scandinavian countries, an English ver¬ 
sion of a manuscript was more easily 
accepted than its national version, and 
the submission of an article in mother 
tongue appeared to be a handicap. 

How do authors view editorial prac¬ 
tices? The subject has been investigated 
by B. J. Sweitzer and D. J. Cullen (Jour¬ 
nal of Clinical Anaesthesia). They ascer¬ 
tained from authors of unsolicited articles 
their views on the evaluation of their 
manuscripts. Opinion was sought on 
timeliness, quality, clarity, specificity and 
educational value of reviewer’s comments 
as well as their satisfaction or dissatis¬ 
faction (because of delay, unclear com¬ 
ments, overlooking important data, tone 
of the review, lack of knowledge of the 
reviewer, etc.) with the reviews. Authors 
of accepted manuscripts gave a favourable 
rating for reviewers. Authors of articles 
in the category of ‘accept with revision’ 
were satisfied that the review process led 
to improvement in their manuscripts. 
Authors of articles in ‘reject but resubmit’ 
category believed that the review process 
improved subsequent preparation of 
manuscripts. Worst scores were provided 
by authors of ‘reject outright’ articles. 
Only 30% in this group responded and 


among them only 20% believed that they 
were helped by the review process. 

Can the nature of manuscript assess¬ 
ment be improved to help editors in 
decision making? Editors often encounter 
situations when reviewers do not agree 
in their recommendations on a manuscript. 
On such occasions editors either use an 
arbitrary cut-off score to determine accep¬ 
tance or use their discretion. Editors would 
be helped if the reviewers provide a 
structured assessment and there are objec¬ 
tive criteria to measure the reliability and 
quality of reviews. 

J. P. Kassirer and E. W. Campion (New 
England Journal of Medicine) in their 
paper discuss the cognitive aspects of 
manuscript assessment. They try to blunt 
the criticism that there are no rules 
governing peer review and that the process 
is arbitrary and subjective. They point 
out that the fundamental task of a 
manuscript reviewer is to ‘detect and 
describe flaws’ and that in the assessment 
of manuscripts there is a rejection 
threshold - a level at which the cumulative 
faults of a paper turn the scales towards 
rejection. Manuscript assessment also has 
a sensitivity and specificity. Wrong 
recommendations are unavoidable in the 
review process since even in the best of 
hands false positive and false negative 
results do occur. If this state has to 
change, the cognitive aspects of how a 
reviewer makes an assessment of 
manuscripts have to be better understood. 
J. P. Kassirer and E. W. Campion (New 
England Journal of Medicine) have 
categorized and listed the various aspects 
of a manuscript on which a reviewer is 
expected to comment. The categories 
include deficiencies of design, deficiencies 
in presentation, deficiencies in interpreta¬ 
tion and assessment about the importance 
of research. Under each category flaws 
are listed. The list makes the reviewers’ 
job in making objective assessment on 
articles easy. 

M. K. Cho and L. A. Bero from the 
Institute for Health Policy Studies, 
California, have developed two instru¬ 
ments, one for measuring the methodo- 
logic quality and another to assess the 
clinical relevance of reports on clinical 
research. Both have been tested and found 
reliable, valid and applicable to a variety 
of research designs. 

A grading instrument with a 14-point 
scoring system and a scoring guide to 
measure objectively the quality of reviews 


is provided by I. D. Feurer et al (Journal 
of Vascular Interventional Radiology). 
The seven attributes in the system include 
timeliness, etiquette, completion of a 
grade sheet, and provision of (i) sectional 
reviews, (ii) supporting references, (iii) 
specific recommendations and (iv) new 
insights or perspectives. The authors have 
tested the scoring system and found it 
valuable to identify outstanding and weak 
reviewers. 

Authors’ misconduct receives consider¬ 
able publicity while editorial misdeeds 
are unpublished. Dishonesty, favouritism, 
victimization and nondeclaration of con¬ 
flict of interest are recognized as some 
of the unethical editorial practices. The 
true prevalence of editorial misdemeanour 
is unknown. D. G. Altman, I. Chalmers 
and A. Herxheimer from Oxford, England, 
draw attention to three cases of editorial 
misdeeds. One case is that the editor 
republished an article which appeared in 
another journal without consulting the 
author and then attacked it in an editorial, 
refusing a chance for the author to reply. 
Another case involved plagiarism of a 
commissioned review article. The third 
is an instance of not disclosing the editor’s 
vested interest, which led to unfair assess¬ 
ment of a manuscript describing a ran¬ 
domized controlled drug trial. Altman and 
colleagues suggest that an International 
Medical Scientific Press Council be esta¬ 
blished to set a code of conduct for 
editors and to investigate when there is 
breach of prescribed conduct. 

Journal publishers are concerned with 
the way in which authors select the jour¬ 
nals for submission of their articles. Eric 
Frank from Emory University School of 
Medicine conducted a survey among the 
clinical and research faculty of Stanford 
University School of Medicine to evaluate 
authors’ criteria. The most important fac¬ 
tors for initial manuscript submission were 
journal prestige, the frequency with which 
a journal publishes related articles and 
the composition of the readership. 
Likelihood of acceptance, turn-around 
time, prior publication in a journal and 
acquaintance with the editor gained impor¬ 
tance for subsequent submissions. 

H. F. Judson of Stanford University 
draws attention to factors that threaten 
the peer review process. He writes: ‘What 
was a high and interesting duty has be¬ 
come a wearisome chore’. Waning dedica¬ 
tion and enthusiasm of the participants 
in the peer review process are likely to 
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lead to declining standards. He also cau¬ 
tions that peer review, which began as 
a naeasure to shield the autonomy of 
science from administrators and 
politicians, is threatened by internal 
politics such as rivalries between scientists 
and the likelihood of theft of ideas and 
insights by peer reviewers, who are often 
competitors of the authors of articles. 
Judson predicts that structural transfor¬ 
mation in sciences would have its impact 
on peer review processes. Shortage of 
funds for research, intensification of com¬ 
petition, increasing pressure from funding 
agencies for research targeted at national 
needs, with emphasis on industrial and 
technological exploitation of research, are 
characteristics of the current transition. 
Profit motives determine the direction of 
research. Criteria for the evaluation of a 
research work are determined by non¬ 
scientists and the emphasis is on outcome 


and endpoints than on inputs. Yet another 
transformation is the development of 
electronic collaboration, which offers con¬ 
siderable options for interaction between 
editors, authors and readers. New proce¬ 
dures for manuscript assessment are 
expected to replace the current practices. 

What did the participants feel after the 
congress? Attitude survey conducted after 
the conference revealed that a vast 
majority of respondents thought that peer 
review improves the quality of publica¬ 
tion, that the journals should adopt 
uniform standards for peer review and 
that the editors should encourage research 
to establish baseline data on the 
prevalence of scientific fraud. Among the 
respondents, 95% said that conferences 
on editorial peer review should be held 
regularly in the future. 
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What NSU report leaves unanswered! 


This refers to the Special Section of 
Current Science (25 June) in which you 
have closed the debate on NSU. To me 
it appears that the debate has been in¬ 
effective and inconclusive. I was surprised 
and somewhat disappointed to note that 
you have not summarized in clear terms, 
with reasonable details, what your authors 
and readers have generally opined about 
the new university. In your Tn this issue’ 
column, there appears a remark: ‘there 
were few supporters of the NSU concept’. 
I just wonder if the term few is actually 
intended to mean some (equivalent to a 
few) or to imply hardly any (which it 
really does)! In the latter case, your 
authors’ and readers’ message is rather 
clear. 

There are a few important questions 
that have been left unaddressed in the 
final report. Supporters of NSU and those 
actively engaged in its establishment 
should feel obliged to give serious thought 
to these. Some of them are: 

1. NSU will be producing some 200 
Ph D’s every year. Where would they be 


expected to go? Would they accept to 
work in other Indian universities/colleges 
whose academic environment would hard¬ 
ly match that of the said university? 

2. Will the phenomenon of brain-drain 
not apply to the trained scientists coming 
out of NSU? Will they be allowed to go 
abroad, since in a free and democratic 
country nobody can be stopped from sear¬ 
ching for a better working place? Will 
we allow brain-drain, giving the argument 
that science is universal and that complete 
mobility must be granted to scientists so 
that they could work" in a place of their 
liking? But then we have to remember 
that there are moments when we become 
specially conscious of our nationalism 
and start talking of things like Indian 
science. 

3. The report states that NSU would 
also train foreign students. Why spend 
the available resources on foreign stu¬ 
dents? Why not train more and more 
Indian students? After all, the university 
would hardly be able to cater *to the 
academic needs of our vast population. 
That means we would be obliged to 


concentrate our efforts fully on training 
as many Indians as possible. 

I have a suggestion to make. All those 
who are involved in erecting NSU - a 
temple of academic excellence - should 
avoid accepting a faculty chair or any 
other position of importance on the com¬ 
pletion of the task. In the end, they 
should hand over the institution to deserv¬ 
ing people from within the country and 
from outside. This will reinforce the faith 
reposed on them by the general public 
and will also succeed in impressing upon 
the skeptics that NSU was not being 
created in their own interests but in the 
interest of the nation. Let us remember 
that great men, whose actions are 
motivated by a deep-rooted concern about 
the welfare of the society, gracefully leave 
a completed project to others to look 
after and move on to a newer venture. 

Y. P. JOSHI 

Department of Physics, 

Banaras Hindu University, 

Varanasi 221 005, India. 
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Proposal for a National Science School 


Many responses to the proposal for a 
National Science University (NSU) and 
the report on ‘University Education in 
Science’ clearly show that this kind of 
a discussion was long overdue. 

The objective of setting up the first 
three universities of the country-Bom¬ 
bay, Calcutta and Madras - in the middle 
of the nineteenth century was to train 
personnel to work for the administration, 
under British superiors. The Indian offi¬ 
cers were expected only to obey orders. 
Because of this there was no emphasis 
on independent thinking or innovations 
in these universities. It was feared that 
these would lead to indiscipline. A univer¬ 
sity degree was (still is?) considered as 
a passport to a good job, to earn a decent 
living. In a job, one was expected only 
to respect the superiors, obey orders, per¬ 
form duties and follow rules. At the time 
of independence there were nearly 20 
universities, and now there are around 
200. In spite of this phenomenal increase 
in the number, the university system still 
remains as a hangover of the colonial 
past. Only as recently as 1993-1994, 
introduction of ‘vocational’ components 
at the undergraduate level is realized as 
necessary. Science education in India suf¬ 
fers ‘the most because of the lethargy to 
modify the system according to the chang¬ 
ing times. There is an urgent need to 
reform science education radically at the 
school, college and university levels. 

Increased political interferences in the 
functioning of the universities and the 
trend of appointing Vice-Chancellors on 
political considerations are the major 
reasons for their rapid deterioration. In 
initial appointments and in promotions, 
when ‘ministerial approbations’ can sub¬ 
stitute for many years of hard work (in 
libraries and laboratories), how can meri¬ 
torious and dedicated research workers 
enter our universities as faculty members 
and how can the existing faculty members 
sustain their interest in research. Some¬ 
thing needs to be done (very urgently) 
to keep (politics and) politicians away 
from our universities. 

The problems of research institutions 


are many. Most important among them 
are: (i) a career in science remaining the 
last resort for those who opted for the 
science stream and failed to make it to 
a professional course, (ii) confusion 
whether science is a ‘profession’ or a 
mere job and (iii) poor career prospects. 

In all work environments there are three 
categories of people. The first category 
enjoys the job, gets involved in it com¬ 
pletely and does not need any external 
motivation. These people are sincere and 
have a natural liking for their jobs. For 
them, job is like a favourite hobby and 
a mission. The second category considers 
the job only as a means to earn money; 
their involvement in the job is very little, 
and their enjoyment is elsewhere. They 
put in the least possible efforts necessary 
to continue in their jobs. The third 
category is interested in everything else 
except work. They are interested in 
money, promotions, authority, manipulat¬ 
ing and controlling people, publicity, etc. 
These are the politicians of the workplace. 
They do not promote any cause other 
than their own career, for which they 
may be willing to do anything and every¬ 
thing. Our science establishments are also 
filled with these three categories. And 
the tragedy is that people belonging to 
the first category are very few. 

To have more people belonging to the 
first category in our science establish¬ 
ments, we must start searching for stu¬ 
dents having a natural liking for science. 
This needs to be done at a very early 
stage. First, many regional science schools 
(RSS) need to be established (these 
schools can be similar to Sainik schools). 
This should be followed by a National 
Science School (NS3-similar to the 
National School of Sports). Admissions 
to RSS and NSS can be on the basis of 
a national talent search examination, at 
the end of lower primary school (LPS) 
and upper primary school (UPS) stages, 
respectively. The syllabus and teaching 
in the RSS and NSS must have greater 
emphasis on science. Once these students 
complete their studies in the NSS, they 
can be trained in a National Science 


Academy (NSA). The NSA can be similar 
to the National Defence Academy (NDA). 
After completing studies/training in the 
NSA, they can go to a National Science 
University (NSU), Starting an NSU 
without doing this ground work is very 
unlikely to bring about the desired 
changes. 

Another ill plaguing our science estab¬ 
lishments is the absence of any distinction 
between scientists and technicians. Re¬ 
search institutions are like any other 
government offices. Much in the same 
way as lower division clerks (LDCs) get 
promoted to Class I officers in the course 
of time, technicians also become scientists 
on the basis of seniority. This raises a 
basic question - Who is a scientist? Can 
anyone' become a scientist? In defence 
services there are officers and other ranks. 
In medical profession there are doctors, 
nurses and pharmacists. In all these, the 
selection procedures are different, and the 
duties, responsibilities and pays are also 
different. The promotional avenues of 
other ranks are different from those of 
officers. Nurses and pharmacists do not 
become doctors on the basis of seniority. 
Why is there no such distinction in 
science? Excepting ICAR, where there is 
an ASRB (Agricultural Scientists Recruit¬ 
ment Board), why is there no Scientists’ 
Recruitment Board? 

Lastly, will this NSU become a ‘super 
IIT’, from where scores of young Ph D’s 
and faculty members would migrate to 
greener pastures? In that case, what pur¬ 
pose will it serve the country? We must 
stop producing professionally qualified 
manpower for other countries. There has 
to be at least a rough estimate on our 
need for trained/skilled manpower in dif¬ 
ferent areas, and only somewhere near 
that many people should be trained. The 
service conditions of scientists need to 
be made attractive so that best students 
opt for science education and a career 
in science. 

OoMEN Abraham 

341 Rasta Peth, 

Pune 411 Oil, India. 
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The ultimate constituents of matter 


For over 25 centuries, human curiosity 
about the ultimate constituents of matter 
in the universe has remained without a 
satisfactory solution. Ancient scientists 
recognized five fundamental elements, 
viz. earth, water, fire, air and ether. Yet, 
most philosophers believed that there must 
be a single kind of homogeneous material 
that constitutes the universe. Much of the 
philosophical thinking is guided by this 
axiom. On this point the schism of in¬ 
tellectuals into the ‘two cultures’ is not 
of recent origin. With the progress of 
science, the count of chemical elements 
grew from five to over a hundred. Sub¬ 
atomic particles too are not of one kind. 
However, philosophers as well as some 
scientists expect to find homogeneity and 
uniformity in matter in its minutest form. 
This belief seems to be the main prop 
for the ‘modern scientific’ interpretation 
of the philosophy of the Upanishads. As 
K. V. L. Sarma has reviewed admirably 
(Curr. ScL, 1995, 68, 605) the current 
state of knowledge, we now have a stand¬ 
ard model (SM) of six quarks and six 
leptons, besides the gauge bosons, the 
transmitters of force. 

Although Sarma does not discuss any 


‘philosophical’ implications of the SM, 
any reader of the review will wonder if 
in ultimate analysis we might reach a 
paradigm of uniformity and homogeneity. 
Shall we conclude that philosophers’ 
paradigm is only an idol of the tribe 
{idola tribus), to use Francis Bacon’s 
terminology? In other words, can we con¬ 
clude that uniformity of matter in its 
minutest form or in its primeval state at 
the Big Bang is a theoretical impos¬ 
sibility? If so, what could probably have 
guided ancient philosophers to their belief 
on the nature of matter? 

K. Vasudeva Rao 

44 Anandavan, 

A-6, Paschim Vihar, 

New Delhi 110063, India. 

K, V. L. Sarma replies: 

With regard to the comment of K. 
Vasudeva Rao, the speculation that there 
is some homogeneous stuff underlying 
the physical universe is perhaps quite 
natural and is indeed at the heart of the 


reductionist approach. History has 
repeatedly shown that things become 
simple when we go to the next substratum 
“ molecules, atoms, nuclei, nucleons,... 
Maybe this is the only monotonous way 
Nature works, as we go on unravelling 
the successive onion layers. 

There have been many attempts to con- 
stmct composite models viewing the 
quarks and leptons, as well as the gauge 
bosons, as composites of the same fun¬ 
damental objects, variously called as 
‘preons’, ‘rishons’, ‘subquarks’.. .. These 
models are unsatisfactory because pro¬ 
liferation is still present in them although 
at a different level (postulating many 
kinds of preons and hyper colour forces 
to bind them), and they do not lend 
themselves to any meaningful experimen¬ 
tal tests. However, as of now, there is 
no experimental evidence to suggest that 
quarks or leptons have any structure, 
leave alone a common one. 

K.- V. L. Sarma 

Tata Institute of Fundamental Research, 
Homi Bhabha Road, 

Bombay 400 005, India. 


Record of Upper Gondwana flora from Bairam-Belkher area of 
district Amravati, Maharashtra and district Betul, Madhya Pradesh 


This note records the plant fossils from 
Gondwana succession of Bairam (2r22'~ 
77“37')-Belkher (21“ 22'-77‘’31') area, 

falling partly in Amravati district of 
Maharashtra and partly in Betul district 
of Madhya Pradesh. The fossils are rep¬ 
resented by Ptilophyllum, Sphenopteris, 
Cladophlebis, Taeniopteris, Matonidium, 
Pagiophyllum, Elatocladus and Araucarites. 

In regional set-up the area is represented 
by the Archaean Gneisses, Gondwanas, 
Lametas and Deccan Trap^’^ (Figure 1, 
Table 1); however, the Archaean Gneisses 
is not exposed in the area. The Gondwana 
rocks are exposed in the form of isolated 
patches in the widespread Deccan Trap. 


It is about 100 m sequence represented 
by clastic sediments of arenaceous and 
argillaceous nature, having variable thick¬ 
nesses (Figure 2). Pinching of the strata 
is frequently noticed in the beds of sand¬ 
stones and clays in the upper part of the 
sequence. Clay is noticed to be of variable 
colours, viz. grey, dark grey, red, violet 
and brown to yellowish brown. Inciden¬ 
tally, grey to dark grey clays have been 
found productive for megafossil remains. 

The age of the sequence is still a matter 
of debate. On the basis of lithological 
similarities, stratigraphic position, absence 
of fossils, it was earlier considered 
equivalent to Kamthi and (?) Mahadeva^’^. 


In the same way, Pachmari and Malari 
of Upper Triassic have also been corre¬ 
lated"^. However, the age and correlation 
proposed, so far, were very casual and 
no macropalaeontological criteria have been 
taken into consideration. In recent years, 
the sequence has been ranked Neocomian- 
Aptian^ on the basis of palynology. 

The present assemblage is dominated 
by species of Ptilophyllum though 
Taeniopteris and Matonidium are very 
common, followed by Sphenopteris and 
Cladophlebis (Figure 3). The rest are 
poorly recorded. The recorded assemblage 
is comparable with Early Cretaceous 
assemblage of the Upper Gondwana 
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Figure 1. Geological map of the area (after ref. 2). 


LAMETAS 

KV«ry ceom 




—• .g 1 a • 


MomIv# Mndtfon* 
violet 9hdl« 

Alter nations of biota rbotod saiMlstono 


iMfvub;g^* foisiiiforout oloy 


Modluifi to ooorst son^stono 
. Thinly bod4o4 sontfstono with sholo 
orossboddtd sondstono 

Sondslono with minor sholo 
FossilUorous oloy 

Cross ft borollol boddod sondstono 

Fossiliforous oloy 






Cross ft porollsl boddod sondstono 


ARCHAEAN 


Figure 2. Lithological succession of the Gondwana sediments. 

Formations of peninsular India (Table 2). Dubrajpur, Gollapalli and Jabalpur flora, Matonidium is also comparable with Early 

However, the dominance of Ptilophyllum which are Late Jurassic to Early Cretaceous Cretaceous of Himmatnagar’^’^^. The 

and Taeniopteris makes it more closer to in age^’^~‘^. The frequent occurrence of palynological evidences are also suppor- 
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Table 1. Generalized stratigraphy of the area 


Age 


Formation/Group 


Lithology 


Quaternary 


Miocene to Late 
Cretaceous 


Late Cretaceous 


Early Cretaceous 


Archaean 


Soil and alluvium 
Unconformity - 

Deccan Trap Nonporphyritic to porphyritic basalt 

Unconformity - 

Lametas Shale, limestone and sandstone 

Disconformity- 

Upper Gondwana Clay, shale, sandstone and conglomerate 

Unconformity - 

Quartzofeldspathic gneiss 



Figure 3. Photographs showing: a, Ptilophyllum; b, Taeniopteris; c, Elatocladus\ d, Taeniopteris", e, Araucarites scale; /, Matonidium; g, 


Sphenopteris; h, Araucarites; i, Pagiophyl 

tive of Early Cretaceous age of the 
sequence^. Hence, the age and correlation 
proposed so far by the earlier workers is 
rejected and Early Cretaceous age is 
assigned. 


i; j, Cladophlebis (scale: 1 cm). 

The climate was warm and humid, as 
represented by luxuriant growth of Ben- 
nettitales and Cycadales^"^. This is also 
supported by pollen and spores reported 
from the area^. The dominance of 


cycadophytes over the conifers is also 
suggestive of tropical to subtropical 
climate as proposed for Early Cretaceous 
megafossil assemblage of Dubrajpur^. 

The samples are preserved in the P.G. 
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Table 2. Comparison of the Amravati plant fossil assemblage with that of other localities known from peninsular India 


Genus/Locality 

Present 

locality 

Gardeshwar^ 
(Early Cret.) 

Gangapur^ 
(Early Cret.) 

Dubrajpur^ 
(Late Jura, to 
Early Cret.) 

Gollapalli^ 
(Early Cret.) 

Jabalpur'-"'''^ 
(Late Jura, to 
Early Cret.) 

Umia'-'«’'2 
(Early Cret.) 

Ptilophyllum 

Abundant 

— 

+ 

Abundant 

+ 

Very Common 

+ 

Taeniopteris 

Common 

— 

+ 

+ 

Abundant 

Abundant 


Cladophlebis 

+ 

+ 

+ 

+ 

+ 

Common 

+ 

Sphenopteris 

+ 

+ 

— 

— 

+ 

+ 


Pagiophyllum 

+ 

Abundant 

+ 

+ 

+ 

+ 

+ 

Elatocladus 

+ 

— 

Abundant 

— 

+ 

+ 

+ 

Matonidium 

Common 

— 

— 

_ 

_ 



Araucarites 

+ 

+ 

— 

— 

+ 

Common 

+ 


+, Present 
—, Absent. 


Department of Geology, Amravati Univer¬ 
sity, Amravati, Maharashtra, bearing num¬ 
bers AU/G/R-1 to AU/G/R-10. 
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First report of the Late Permian sporangiate fructification 
Nesowalesia Pant from India 


Nesowalesia edwardsii, a Late Permian, 
sporangiate, monotypic fructification, is 
instituted by Pant^ for concave disc-like 
organs from Newcastle, New South 
Wales, Australia. Arberiella type of 
sporangia are found attached on the con¬ 
cave side of the disc, while the convex 
side is smooth. Later on Rigby and 
Chandra^ presented additional information 
concerning Nesowalesia edwardsii Pant 
on the basis of carbonized specimens 


found from the Late Permian Illawara Coal 
Measures of the Western Sydney Basin, 
New South Wales. They also found 
well-preserved taeniate bisaccate pollen 
Striatopodocarpites solitus (Bharadwaj and 
Saluja) Foster^ from the Arberiella type of 
sporangia obtained from a thick crust of 
carbonaceous concave discs of Nesowalesia 
edwardsii. Rigby and Chandra^ also 
proposed a peltate disc type of restoration 
for this Australian male fructification. 


Two such discs having Arberiella type 
of sporangia are recorded for the first 
time from Late Permian bed exposed in 
Hinjrida Ghati near Handapa village, dis¬ 
trict Angul, Orissa. The concave discs 
are 1.5 cm in diameter and bear a number 
of Arberiella type of sporangia. Since the 
specimens are in the form of impressions, 
further studies are not possible. A close 
comparison between Indian and Australian 
specimens is also not possible as the 
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Figure 1. a, Nesowalesia pantii sp. nov. Specimen showing a concave disc with sporangia. 
Holotype specimen no. 36869 (x 3); b. Enlargement of a portion of specimen in a showing 
numerous sporangia (x 8). 


mode of preservation in the two is dif¬ 
ferent, the Indian ones being impressions 
while the Australian ones are carbonized. 
Indian specimens from Handapa are desig¬ 
nated as a new species Nesowalesia pantii 
(holotype specimen number 36869, Bir- 
bal Sahni Institute of Palaeobotany, 
Lucknow) with a diagnosis ‘concave 
disc-shaped organs with Arberiella type 
of sporangia’ (Figure 1). The Indian 
specimens closely resemble the speci¬ 
men described by Pant"^, photographed 
as Figure 7 on Plate 21. 

Report of Nesowalesia pantii from 
Handapa bed is very significant as it is 
the first report of this sporangiate fruc¬ 
tification from India. 
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COMMENTARY 


Whither microbiology? 

Ramesh Maheshwari 

A distinguished American microbiologist, C. R. VJoese, has expressed deep concern at the present 
state of microbiology. He is of the opinion that all biology should be reorganized around microbiology. 
The merit of this view is examined. Some examples are given to illustrate the contributions of 
microorganisms to the understanding of biological principles and formulation of concepts. A possible 
area of microbiological research is identified which could become the focus of activity involving 
many young scientists in our country and contribute to the vitalization of microbiology. 

In a recent commentary on the state of cem thus': ‘University microbiology eliminating them as entities in their own 
microbiology, Carl Woese expressed con- departments are withering. We are right, being demoted to ineffectual 
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“programs’’ within departments whose 
names typically begin with “molecular” 
or “cellular”.... In those that remain as 
microbiology departments in name, the 
emphasis in both teaching and research 
is shifting away from microbiology per 
se Increasingly, microbiology in 
these departments is becoming confined 
to that of growing of microorganisms for 
‘cloning, sequencing and expressing 
genes’. Elsewhere^, Woese says: ‘Micro¬ 
biology is inadequately represented in the 
funding agencies. Students (and profes¬ 
sors) genuinely interested in microbiology 
are increasingly hard to find. Micro¬ 
biologists are afraid to teach real 
microbiology any more.... If microbio¬ 
logy isn’t dead today, it definitely is 
moribund.’ One may dismiss these 
criticisms as prompted from some 
occupational fmstrations, such as the lack 
of sufficient funds for work, or lack of 
success in scientific research or the desire 
to attract attention. I am certain that none 
of these apply in the case of Woese. 

Many biologists would recall that in 
the last decade somebody had pulled off 
a coup in biology. We had learned that 
all living organisms can be classified into 
two superkingdoms based on fundamental 
differences in cellular features: the 
prokaryotes (cells without a nucleus) and 
the eukaryotes (cells with a true nucleus). 
The tree of life had two main stems - one 


stem prokaryotic comprising the bacteria, 
and the other eukaryotic comprising plants 
and animals, the latter derived from the 
former. Woese’s studies brought a fun¬ 
damental revision of this picture. Examin¬ 
ing the relationship between prokaryotic 
microorganisms by comparing the sequen¬ 
ces of ribosomal RNA, Woese made the 
surprising discovery that the world of 
prokaryotes comprises unusual micro¬ 
organisms, very different from the typical 
bacteria found in soil and water. (Imagine 
Woese’s disbelief when, for example, a 
methane-producing microorganism which 
had all along been considered a bacterium 
turned out to be not a bacterium at all!) 
These microorganisms, which Woese 
named the archaebacteria (now called the 
Archaea), are found in unusual places 
such as hot springs, rumen of cattle, salt 
pans and brines. They not only differ 
from most bacteria in sequence of 
ribosomal RNA but also in biochemical 
features, such as the absence of muramic 
acid in cell wall and the presence of 
ether-linked membrane lipids. The 
archaebacteria are closer to eukaryotes 
than to typical bacteria. Their discovery 
showed that life on earth consists of not 
two but three primary domains: the Bac¬ 
teria, the Archaea and the Eucarya. The 
new tree of life (Figure 1) is a framework 
for analysing the evolution of all life on 
earth. Woese placed the study of microbes 


in an ecological and evolutionary context. 
In recognition of his contributions, a hy- 
perthermophilic archaeon, Pyrococcus 
woesei, which can grow at near 100"C, 
was named after him. 

The concern expressed by this dedicated 
and distinguished microbiologist merits 
serious consideration. Woese contends 
that all of biology should be reorganized 
around microbiology. Surely, nobody will 
deny that microorganisms are important. 
Microbes cause diseases, make soil fertile, 
they allow cattle to digest grass, they 
clean up the environment, and they are 
used in the manufacture of antibiotics 
and alcohol. Beer and wine making, which 
involves alcohol fermentation by the 
yeasts, are very profitable industries! But, 
is the general, medical or industrial impor¬ 
tance of microorganisms the compelling 
reason for biology to be reorganized 
around microbiology? Is the study of 
microorganisms crucial for learning and 
formulating biological mechanisms? 
Although I have no pretensions of being 
a real microbiologist, I believe that this 
narrative would demonstrate, at least 
approximately, the importance of 
microbiology in all biology. The 
report identifies a possible area of 
activity which could involve many 
microbiologists in our country and 
contribute to the vitalization of 
microbiology. 


Bacteria Archaea Eucarya 



Figure 1. Universal phylogenetic tree determined from ribosomal RNA sequence comparisons showing the three domains, Archaea, 
Bacteria and Eucarya (based on ref. 2). 
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Teaching of microbiology 

Microbial growth. We begin by the ges¬ 
ture of putting a few cells of a bacterium 
or yeast in a nutrient medium and measure 
cell numbers at regular intervals. Let us 
plot the logarithms of the numbers of 
cells as ordinate against time. The popula¬ 
tion displays a characteristic pattern of 
increase, the S-shaped sigmoid curve. We 
observe that after a short lag, the amount 
of living matter increases not in direct 
proportion to time, but according to 
geometric progression with time (expo¬ 
nential growth). In other words, the living 
matter multiplies itself by a constant factor 
in each successive unit of time. We learn 
that life is an autocatalytic process. How¬ 
ever, the growth which started unrestric¬ 
tedly stops abruptly when the population 
runs out of resources^. In this planet with 
dwindling supply of resources, the 
microbial growth curve has an obvious 
message for the humans. 

Enrichment culture. Next, we prepare 
a synthetic medium containing a carbon 
source and mineral salts but lacking in 
nitrogen. We inoculate this medium with 
a pinch of garden soil and incubate it at 
room temperature. We note that microbes 
with specific metabolic properties develop 
in this medium. In this particular case, 
the medium selectively allows growth 
(enrichment culture) of microorganisms 
that can fix atmospheric nitrogen to the 
exclusion of numerous other microbial 
types present in the soil^ This simple 
exercise strikingly demonstrates the prin¬ 
ciple of natural selection in just a matter 
of few hours! 

Microbial metabolism. We turn our 
attention to microbial metabolism and get 
acquainted with the sequence of reaction 
steps beginning from glucose and leading 
to the formation of ethyl alcohol, lactic 
acid, acetic acid or glycerol, depending 
upon the microbial species^. It suffices 
to note here that through a comparative, 
penetrating study of the dissimilatory 
pathways of microbial metabolism dis¬ 
tributed among numerous types of bac¬ 
teria, the great Dutch microbiologist A. J. 
Kiuyver discerned that the recurring pat¬ 
terns in the variety of metabolic pathways 
are but few elementary reactions such as 
transhydrogenation, transphosphorylation, 
decarboxylation, etc"^. From this was 
developed the concept of unity of 
biochemistry. A certain chemical conver¬ 
sion occupies a predominant position in 
a particular microorganism. For example. 


the conversion of pyruvate into acetal¬ 
dehyde by pyravate decarboxylase is 
predominant in yeasts which cany out 
alcoholic fermentation but is absent in 
lactic acid bacteria which carry out lactic 
acid fermentation. 

Regulation. The existence of regulatory 
mechanism can be traced to the discovery 
in 1861 by Louis Pasteur, who observed 
that despite the lower consumption of 
glucose, more yeast is formed in the 
presence of air than in its absence (Pasteur 
effect)^. It stimulated intensive research 
on identification of the control sites in 
catabolism of glucose. Later, the obser¬ 
vations that addition of certain amino 
acids to bacterial cultures shuts off the 
entire sequence of reactions, leading to 
the formation of the amino acid, led to 
the formalization of the concept of feed¬ 
back inhibition^. The phenomena of in¬ 
duced synthesis of enzymes and the 
existence of specific membrane transport 
protein (permease) were discovered from 
studies dealing with growth and nutrition 
of bacteria^. 

Photosynthesis. The green cover on the 
earth has inspired many authors to com¬ 
ment that it is because of the remarkable 
process of photosynthesis invented by the 
plant chloroplast that man obtains food 
for himself and his cattle, fibre for his 
clothing, wood for fuel, his boat and his 
flute, and the paper for writing his poetry 
or scribbling his philosophy. A cover-up 
here? ‘Chloroplasts did not evolve as a 
part of the plant cell; they were acquired 
by the (evolving) plant cell from the 
bacterial world through endosymbiosis’, 
says Woese. Tn other words’, he says, 
‘it is the bacteria that have invented 
photosynthesis, and plant chloroplasts are 
merely domesticated cyanobacteria’. The 
cyanobacteria are the most self-sufficient 
organisms in the biosphere. They not 
only carry out photosynthesis but also 
fix gaseous nitrogen from the atmosphere 
into biologically useful nitrogen com¬ 
pounds-a biochemistry which a vast 
majority of organisms are incapable of. 

‘We owe a debt of gratitude to the 
microorganisms whose peculiarities have 
provided a general insight into the 
understanding of photosynthesis’, said van 
Niel"^. What an ingenious use Engelmann 
(1880) made of certain motile bacteria 
as sensitive indicators of oxygen to 
demonstrate the direct connection between 
oxygen evolution and light absorption by 
chloroplasts in Spirogyra filaments! By 


illuminating the alga with light from a 
prism, he was able to determine the action 
spectrum of photosynthesis'^. 

It was on the basis of the knowledge 
of a variety of microorganisms and the 
application of the concept of the unity 
of biochemistry developed by his master, 
A. J. Kiuyver, and most importantly on 
the basis of the observations that (a) 
several types of bacteria can synthesize 
their cell material from CO 2 without the 
benefit of radiant energy, (b) the purple 
sulphur bacteria can grow anaerobically 
in a minimal medium supplemented with 
sulphide and bicarbonate, provided they 
are exposed to light, and (c) photosyn¬ 
thetic activity of the purple bacteria is 
not accompanied by evolution of Oj, that 
van Kiel was led to conceptualize 
photosynthesis as a photochemical oxida¬ 
tion-reduction process and formulate his 
famous equation'^: 

2 H 2 A 4- CO 2 2A + (CH 2 O) + H 2 O. 

H donor H acceptor Oxidized Reduced 
H donor acceptor 

What this equation implied was that plant 
photosynthesis and bacterial photosyn¬ 
thesis are fundamentally similar light- 
dependent reactions. The difference is in 
the hydrogen donors they employ “ being 
H 2 S in the case of sulphur bacteria and 
H 2 O in the case of the green plants. A 
direct consequence of the above-men¬ 
tioned general formulation was the predic¬ 
tion that O 2 produced during photo¬ 
synthesis by the green plants must come 
directly from water and not from CO 2 . 

Chemosynthesis. It was through the 
study of the life-style of a number of 
bacteria (nitrifying bacteria, sulphur bac¬ 
teria, iron bacteria, etc.) found in nature 
under aerobic and anaerobic conditions 
that it was discerned that in addition to 
photosynthesis there is another process, 
chemosynthesis. In chemosynthesis the 
organic matter of the organism is built 
from CO 2 as the sole source of carbon 
without the supply of the radiant energy. 
As was first shown by the Russian 
microbiologist Winogradsky, a variety of 
bacteria can derive energy for growth 
from the oxidation of inorganic com¬ 
pounds^’^. That chemical energy can be 
derived from the biological oxidation of 
hydrogen, sulphide, sulphur, ammonia, 
carbon monoxide, ferrous,, etc., was a 
revolutionary idea. It showed the 
apparently diverse ways in which micro¬ 
organisms have solved the problem of 
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Figure 2. Giant tubeworms,- Riftia pachyptHa, at hydrothermal vent (courtesy of 
IFREMER, France). 



Figure 3. Schematic representation of symbiotic relationship between Riftia and 
chemosynthetic bacteria. Hydrogen sulphide serves as the electron donor, or energy 
source. The energy is produced when hydrogen sulphide and oxygen are combined 
and it is used for fixation of COg (based on refs 7, 8). 


providing for their indispensable energy 
requirements. 

Chemosynthesis had been thought to 
be a rare phenomenon until 1977, when 
scientists took a submersible at a depth 
of some 3000 m in the Pacific ocean. 
They discovered jets of superheated black 
water ejecting from the ocean floor and 
mixing with the cold sea water^’^. They 
were astonished to see a luxuriant fauna 
thriving in the warm water, in the vicinity 
of the hydrothermal vents (Figure 2). 
What is the food source for these new 
forms of animal life in the permanently 
dark environment? Pioneering work by 
Holger Jannasch showed that the ecosys¬ 
tems of animal populations are supported 
by microbial chemosynthesis rather than 
photosynthesis^. A variety of chemo- 
autotrophic bacteria live in dense popula¬ 
tions in the animals. The bacteria obtain 
energy by oxidizing geothermally 
provided reduced sulphur compounds and 
fix inorganic carbon through the Calvin- 
Benson pathway (Figure 3). The organic 
carbon is taken up by the animal hosts. 
The hosts are among the few animals on 
earth that are not fed directly by photosyn- 
thetically fixed carbon. 

Thermophilic microorganisms. In the 
last decade another revelation occurred 
in microbiology. Karl Stetter isolated 
anaerobic archaea from sulphur-rich, 
marine volcanic environments that are 
able to grow at extremes of temperatures^^. 
The upper temperature limit of life was 
pushed up to llO^C. Microbiologists are 
competing to see who can find micro¬ 
organisms that beat this record! 

The diversity of hyperthermophilic 
archaea has, in turn, started the race to 
discover the enzyme which has the highest 
degree of thermostability. Incredible it 
may seem, but an a-amylase from 
Pyrococcus furiosus retains enzyme ac¬ 
tivity even after autoclaving at 120°C for 
5 h (ref 10)! These microorganisms are 
the focus of the emerging area of 
biocatalysis at extreme temperatures and 
for biotechnological opportunities. 

Early life. And yet another revelation. 
Thomas Gold predicted that microbial life 
is widespread at depth in the crust of 
the EarthHe believes that in mass and 
volume the subcrustal life may be com¬ 
parable with all surface life. Some 
microbiologists have sampled fluids from 
borewells drilled some 4000 m into the 
granitic rock or into the sea bed and 
have reported finding thermophilic 


anaerobic bacteria^^’*^! These surprising 
findings have fundamentally altered the 
views on the physical setting under which 
life arose and of the nature of early life 
on earth. Life probably arose in a hot 
environment. The ancestor may have been 
a chemosynthetic thermophile^"^. 


Microbial diversity. ‘The essence of the 
microbial world lies in its diversity’, says 
Woese^. An innovative application of the 
techniques of molecular biology has been 
made to estimate how much of microbial 
diversity had escaped detection by con¬ 
ventional pure-culture technique in an 
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Mixed population comprising uncultivated species 

Total DNA 
Ribosomal DNA 
PCR amplification 

Recombinant DNA library of rRNA genes 
Gene sequencing of unique clone types 

Figure 4. Sampling of microbial populations through isolation and sequencing of 
ribosomal RNA genes directly from the environment®. 


already well-studied place. Norman Pace 
took a census based on unique ribosomal 
RNA genes extracted and cloned directly 
from a niche (Figure 4)^^. He demonstra¬ 
ted that more species of archaea were 
present than suspected. 

It has been estimated that of the total 
number of species of bacteria (40,000) 
and the fungi (150,000), only about one- 
tenth have been discovered*^. The fasci¬ 
nation for microbial diversity comes from 
their strangeness and their exotic habitats. 
J. R. Postgategives a fascinating account 
of the specialized microbes which live at 
the bottom of deep oceans, in the mud 
in the estuaries of the rivers, in sewage 
treatment plants, in the interior of compost 
heaps, in the rumen of cattle, in 
near-boiling sulphuric acid conditions, in 
alkaline environments equivalent to a 
solution of caustic soda, in strongly salty 
places, in root nodules of leguminous 
plants, etc. A generalization that can be 
made from the results of microbiological 
sampling of diverse habitats is that no 
matter how harsh the conditions are in 
nature, so long as liquid water is available, 
microbial life will be found. 

The importance of studying diversity 
has been beautifully stated by David 
Perkins*^: 

‘Knowledge of a flute or a kettledrum is not 
sufficient to understand all the other instru¬ 
ments in a symphony orchestra or to predict 
their characteristics. Nor is a knowledge of a 
single species, however complete, adequate for 
understanding diverse species. Diversity of 
research organisms in the laboratory must at 
least dimly reflect the diversity of species in 
nature if the scope and beauty of evolutionary 


improvizations are to be appreciated and the 
genetic manipulation that brought them about 
are to be understood.’ 

Some other contributions of 
microbes. Before this ‘refresher’ course 
is closed, let us cast a final breezy look. 
Other examples where microorganisms 
contributed to new discoveries are: gene 
regulatory proteins*^, simplest light-driven 
proton pumps in halophilic bacteria*^, 
restriction modification system*^, random 
and directed mutations^*^, checkpoints in 
cell cycle^*. Lest we forget, the success 
in obtaining nutritional mutants in the 
fungus Neurospora crassa had led to the 
discovery of the relationship between 
genes and enzymes. The formulation of 
one-gene-one-enzyme hypothesis by 
Beadle and Tatum had sparked a revolu¬ 
tion in biology. 

The study of microorganisms has been 
central to the effort to understand life. 
We are still searching for answers to 
numerous fundamental problems. Where 
will the answers come from? As in the 
past, in large part from the study of 
microorganisms. 

Investigation and inquiry 

How is it then that in spite of an 
impeccable record of microbiology, its 
flag is at half-mast? Surprising as it seems, 
but professors and students genuinely 
interested in microbiology are indeed very 
few, as observed by Woese^. Is it that 
the contributions of microbes to biology 
is consciously or unconsciously covered 
up in the teaching of biology? Or, is it 


that the repeated assertion that ‘what is 
true for E. coli is also true for elephants’ 
generated the impression of the futility 
of gaining fundamentally new informa¬ 
tion, particularly when encyclopaedic 
information is already available on 
E. coli'^1 

The major fault in the teaching of 
microbiology (and other sciences) is that 
emphasis is placed on facts, instead of 
on observations and experiments. 
Invariably, the eminent microbiologists 
record that their curiosity and interest in 
microbiology were aroused from the 
excitement in collecting samples of some 
pond water or marine sediments or soil 
from some tropical forests or from some, 
frigid place, from the suspense in waiting 
for microorganism to appear in an 
enrichment medium, from the fascination 
of the diversity of their types, from the 
microscopic observations of motile bac¬ 
teria or of the intricate configuration of 
fungal spore walls, from the challenge 
of designing conditions for mass culturing 
a tractable organism, or from puzzling 
over the special features of the 
biochemistry which allows a particular 
microorganism to live in its ecological 
niche and cope with the environmental 
stress^^"^^. The eminence of these 
microbiologists comes from their realiza¬ 
tion that each microbial species is a uni¬ 
que, intrinsically valuable and a source 
of new knowledge. 

Microbiological research 

Extremophiles. Given the widely different 
level of scientific and technological 
development, the limited funds for science 
in our country, can we contribute to the 
vitalization of microbiology? The answer 
is a clear yes. I propose that research on 
extremophiles “ the microorganisms which 
are indigenous to unusual habitats-may 
be a starting point. Perhaps, a fascination 
for the extremophiles as source of good 
biological questions and as new materials 
for new products and processes may usher 
a renaissance in microbiology in the 
country. India, with its diversity of natural 
habitats (desert, alpine and tropical soils, 
hot springs, porous rocks, glaciers, lakes, 
sediments of streams, caves, alkaline soils, 
brackish marshes, coastal lagoons, ocean, 
etc.) and a variety of man-created unusual 
habitats (composts, municipal waste 
dumps, sewage digesters, stagnant waters, 
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oil-contaminated areas, areas receiving 
industrial waste discharge, effluents of 
acid mines, corroded materials, etc.), 
presents great opportunities for the inves¬ 
tigations of extremophiles. Because un¬ 
usual habitats occur across the length and 
breadth of the country, research on 
extremophiles may well be one of the 
best ways to reach out and encourage 
scientists in the remote and less endowed 
institutions. Moreover, extremophile 
research is an area in which, because of 
the paucity of information, these scientists 
can contribute to the generation of 
knowledge, accomplish something and not 
feel frustrated. The pioneering studies of 
Thomas Brock on thermophilic micro¬ 
organisms were done in remote places 
with simple facilities^^ Could any one 
have predicted that the bacterium Thennus 
aquaticus, isolated in 1969 by Brock and 
Freeze from a hot spring in the Yellow¬ 
stone National Park, USA, would in less 
than 20 years be exploited as a source 
of thermostable DNA-copying enzyme 
(Taq polymerase) and make the PCR 
technology an enormously successful 
technique? This enzyme and many restric¬ 
tion enzymes discovered from screening 
of thousands of bacteria and archaea are 
now churning millions of dollars annually 
in the developed countries. Witness the 
Taq polymerase controversy^^. There was 
a time when people fought for the pos¬ 
session of women or for a piece of land. 
Now people are fighting for the rights 
to a bacterial gene product! 

An understanding of life cannot be 
complete without a knowledge of the 
variations of biochemical design that 
evolved over many millions of years. 


Microbes offer unique experimental 
material for understanding the diversity 
of adjustments that they make to get 
adapted to their environment. Let us hope 
that the traditional areas of microbiology 
concerned with the study of the diversity 
of microbes and of their biochemical 
activities will be pursued vigorously. 
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Finding patterns in nature’s maze: An endless quest 


K, Chandrashekara 

I am writing in response to ‘Are patterns 
a rule in nature?’^ by K. N. Ganeshaiah 
(KNG). Without doubt, reading it was 
quite a stimulating experience. However, 
I feel compelled to respond to a few 
issues raised in the paper; as the saying 
goes, it is better to debate an issue and 


not settle it rather than settle an issue 
without debating it. 

Patterns: a question of scale 

Are patterns a rule in nature? I find the 
question rather incomplete and bordering 


on the philosophical. What sort of pattern 
does the author have in mind? At what 
level of organization? At what temporal 
and spatial scales? To a physicist, chemist 
or for that matter any scientist, the answer 
to the question will be an assertive ‘yes’, 
given the fact that all matter in nature, 


406 


CURRENT SCIENCE, VOL. 69, NO. 5, 10 SEPTEMBER 1995 



COMMENTARY 


animate or inanimate, diamonds or DNA, 
represents a highly ordered arrangement 
of atoms. A historian sees a pattern in 
the evolution of civilization, an economist 
in share market fluctuations and a Coorg 
planter in coffee prices in the London 
market! They may, however, fail to see 
any pattern in short-range local events 
such as changing consumer tastes over a 
period of a few weeks or the variation 
in the onset of summer showers in April. 
Clearly, it is important to specify exactly 
what sort of pattern and scale one is 
dealing with before asking if patterns are 
ubiquitous. ' 

What is a pattern: toward a 
definition 

What is a pattern? As pointed out in the 
article, it is difficult to define what a 
pattern is. It is further argued that there 
may be disagreement among scientists on 
the signal component or specific feature 
of the system that is considered to reflect 
the pattern^ For this reason, the author 
says, it is difficult to define a pattern 
and that this constitutes a major difficulty 
in pattern finding in science. Perhaps not. 
Pattern is ‘an arrangement or order dis¬ 
cernible in objects, actions, ideas or 
situations’ (New Shorter Ojford English 
Dictionary). Many of my colleagues when 
asked what the term pattern meant to 
them opined that the term pattern could 
be used to describe any phenomenon 
which is predictable. Unlike argued by 
KNG, it hardly matters what parameters 
are chosen to identify a pattern, because 
scientists from varied fields do recognize 
patterns in each other’s fields though they 
may not fully understand the approach 
adopted in identifying the pattern. 

In my opinion, what we probably have 
to split hairs about are the scientific 
merits and the criteria in classifying pat¬ 
terns as ‘yes’ or ‘no’ patterns. Taking 
the help of information theory, we can 
perhaps classify patterns. Many systems, 
be they organization of ideas or objects, 
carry information which has predictive 
value. Systems with ‘0’ information con¬ 
tent can be labelled ‘no’ patterns and 
those with information content of ‘1’ as 
‘yes’ patterns. Clearly, the information 
content will also influence the degree of 
predictability. Therefore, as pointed out 
by KNG, the patterns need not be discrete 
and there could be a continuum, at least 
in principle. 


Patterns: good vs poor? 

It is pointed out by KNG that there is 
a general agreement among scientists that 
patterns are an all or none phenomenon, 
notwithstanding his earlier argument that 
it is difficult to define what a pattern is 
and that it poses a major problem in 
pattern finding in science. He then ex¬ 
presses surprise that science immediately 
recognizes and appreciates ‘... demon¬ 
stration of absolute “yes” patterns, more 
easily than that of “poor” or “no” patterns 
(italics mine)’. That is setting up a straw- 
man and shooting him down! As pointed 
out earlier, the cmx of the matter is 
predictability and it is this feature which 
enables scientists to label something as 
a pattern. The reason why scientists do 
not appreciate a ‘poor’ pattern is because 
it is not explicitly labelled so. If a 
phenomenon concerning subatomic par¬ 
ticles or stars has an information content 
which is greater than ‘0’ (however small) 
and, therefore, has a certain level of 
predictability, it is labelled as a pattern. 

Scientists are always aware of the in¬ 
adequacy of a ‘model’ that explains pat¬ 
terns and it is unfair to say that no 
distinction is made between good, poor 
and no patterns. It is also true that as 
our knowledge about a phenomenon in¬ 
creases, the information content of the 
phenomenon may be revealed in greater 
detail and the predictability may also 
improve. This would result in a 
phenomenon being explicitly labelled as 
poor with hindsight, but for a given 
amount of knowledge and at any given 
moment there is merely a pattern or no 
pattern. Conversely, with increasing 
knowledge a ‘yes’ pattern may turn out 
to be a ‘no’ pattern. As an extreme 
example we can remind ourselves of 
Ptolemy’s geocentric view of the universe, 
which was replaced by the heliocentric 
view - the well-known Copemican 
revolution. 

A search for the ‘ultimate particle’ led 
Dalton to formulate the notion of in¬ 
destructible atom; this he is known to 
have derived from the laws of visible 
heavenly bodies. But Humphry Davy was 
not convinced; he argued that ‘there is 
no reason to suppose that any real in¬ 
destructible principle has yet been 
discovered’. It took 50 years for science 
to prove Humphry right. However, by 
then, the concept of indestmctible atom 
was used and elaborated by Gay-Lussac, 
Avogadro and Mendeleyev. The blow to 


indestructibility of atom came from two 
sources, the study of light and the dis¬ 
covery of electricity, the latter being to¬ 
tally unexpected^. The early history of 
physics and chemistry is peppered with 
many similar events that tell us three 
things; (i) that patterns when discovered 
are questioned; (ii) that even if the pattern 
is ‘poor’, considerable progress can be 
made in understanding nature and (iii) 
that the poor pattern may turn out to be 
a good pattern as we acquire more 
knowledge. 

It is, therefore, not quite correct to say 
that science does not distinguish between 
good and bad patterns. When subjects in 
a psychological test are given a choice 
between various visual patterns and asked 
to sift the good from the bad, it is 
understandable, because they have a 
choice of ‘alternatives’. Now how am I 
to say that the return of the Haley’s 
comet once every 75 years, or the life- 
cycle of 13-year cicada is a good pattern 
or a bad pattern? If a good pattern is 
‘invariant’ or has fewer or no ‘alternative 
states’, it again boils down to predict¬ 
ability or regularity, fewer the alternatives 
or alternative states, greater is the pre¬ 
dictability. Which means we can now 
define a pattern in terms of predictability. 
If the predictability is greater than 0, we 
can claim to have discerned a pattern, 
however poor it may be. Once that is 
done, the scientists would like to take 
the predictability as close as possible to 
1. This represents the range of patterns 
exemplified by Ganeshaiah’s ink blot to 
a square or a circle. I argue that science 
has not instinctively picked the good pat¬ 
terns but has only so far described what 
is obvious; squares and circles-one of 
the two ends of the continuum. It would 
take more effort and time for science to 
traverse the entire range from both ends. 
Towards this the scientists are justified 
in using all the tools that are at their 
disposal and such attempts need not be 
dubbed ‘frustrating search for patterns’. 

Patterns and perception 

KNG’s major criticism is that our ability 
to detect patterns is limited by our per¬ 
ceptual abilities. This may indeed be so 
as philosophers right from Plato have 
emphasized. Given this handicap, how 
are we ever going to decide what is a 
‘good’ pattern? A martian with better 
perceptual ability may throw out all our 
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‘good’ patterns as ‘no’ patterns! Our 
visual sense of a stick held in water 
deceives us to believe that the stick is 
bent at the water surface. How can we 
demonstrate that the stick is straight? 
Simple, by running our hand down the 
stick. Herein lies our folly and by ex¬ 
tension the general tentativeness of all 
our discoveries. Because in our eagerness 
to prove an error in our sense of vision, 
we have trusted our sense of touch. In 
other words, how can ‘deceptive tools’ 
prove their own deception? However 
much we dislike it, we have to contend 
with our limited array of senses, suspect 
or not, to go about the job of discovering 
patterns in nature. Though we cannot 
assert that patterns abound everywhere in 
nature, we have to tap them using our 
limited tools. It is likely that as we polish 
nuggets of information and discover more 
and more of the hidden treasures, we 
will carve even more patterns from nature. 
If all this is the construct of the language 
and grammar of science, so be it. Roger 
Boscovich, a mathematician and physicist 
of the eighteenth century has gone beyond 
this and argued^ that exploiting deter¬ 
minism to obtain complete knowledge is 
not possible because ‘... our human in¬ 
tellect is not equal to this task...’ . 

It has been rightly argued that random¬ 
ness is in the eye of the beholder and 
is a function of the power of our models 
to analyse the phenomena. Most of us 
have the experience of fitting our observed 
data points into one or more models. In 
the process, if we have been successful, 
it only shows that we have been able to 
explain the observed phenomena in some 
predictable way. I see no harm in such 
an exercise. Data fitting to wrench a 
pattern is a routine exercise through 
accepted rules of the game of science. 
Transformation of data is a legitimate 
practice. If log-transformation enables 
me to gather a greater comprehension of 
my observations (more patterned or less 
patterned), what is the harm? But for 
noise filters in radio and television, we 
would not be enjoying music, a pattern 
of sound. 

Sure, as KNG points out, some amount 
of data or chips of information may be 
lost as noise in the process, but is it 
important? For instance, if a certain 
method of short-range forecasting of the 
possibility of rain in a particular week 
of the year is going to be predicted at 
some assured level of probability, even 


if it is not very close to 1, I am willing 
to lose any amount of information as 
noise through all the ‘frustrating’ jug¬ 
glery!. 

It required the mental acumen of great 
men to unravel patterns in nature about 
us where none was realized earlier. As 
Alexander Pope wrote, ‘Nature and 
nature’s law hid by night; God said, let 
Newton be and all was light’. To see 
woods from forest requires some skill 
and time. And seen it would be, definitely. 
So, if a hundred Newtons with their 
powers of senses identify patterns all 
around us, why complain. Certainly, it is 
our naivety to chide them that they are 
squeezing nature dry of ‘no’ patterns. 
Even in arts we need artists who see 
appealing patterns around them. I would 
welcome a hundred Michelangelos or 
Jakanacharis, who imposed their patterns 
onto stone - without their patterns the 
world would have been such a dull place. 

Patterns: stochastic or 
deterministic? 

I do not think that it is a general attitude 
of science to attribute an order-generating 
process to any pattern^ Science does not 
underplay or has disregard for the role 
of randomness in generating order. Sto¬ 
chastic processes are invoked as often, 
if not more, as are deterministic processes 
in describing patterns. Indeed, before the 
notion of chaos became an established 
concept, scientists addressed a compli¬ 
cated process as a statistical problem-a 
random process^. It is true that it took 
a long time for science to shed the blinkers 
of deterministic clockwork of the New¬ 
tonian world view - ‘laws that never shall 
be broken’^. We now know that in a 
large number of physical systems, from 
heart beat to weather, the slightest un¬ 
certainty in the knowledge of the system 
at one moment will result in complete 
loss of information about the state of the 
system in a very short time and where 
randomness appears to prevail. 

It is true that only recently have we 
begun to realize the power of randomness 
more explicitly in generating order, espe¬ 
cially in biological sciences. Even here, 
for example, the so-called order we see 
in the evolution of organic diversity is 
a result of random dr chance process. 
Evolutionary biologists agree that if the 
tape of evolution were to be rewound 
and run again, we cannot be certain that 


we will see an amoeba-like organism 
again; leave alone Homo sapiens or a 
Tyrannosaurus rex\ Natural selection is 
not an order-generating process, it merely 
represents the success or failure of in¬ 
dividuals of a species to respond to ran¬ 
domly changing local conditions. 

The ability to find patterns has had a 
long evolutionary history. It was perhaps 
the ability of our australopithecine ances¬ 
tors to find patterns in the movement of 
animals which helped them hunt, escape 
predators, and avoid other groups of com¬ 
peting individuals; later on, the same 
ability must have even enabled them to 
light fires. The success of australo- 
pithecines was due perhaps more to this 
than their erect posture or the ability to 
make tools! Human beings are known to 
make sense of their surroundings by 
making a ‘mental representation’ of what 
they see-an important feature of cogni¬ 
tion. Given this it is not surprising that 
we try to find pattern in everything that 
impinges on our senses. I would even 
argue that this constant search for patterns 
contributed in no small measure toward 
the enlargement of the forebrain to which 
Homo sapiens, as a species, owes its 
success today. 

I have deliberately not attempted to 
respond to the philosophical aspects of 
the question raised by KNG: simply be¬ 
cause when I see a brick or a chair, I 
see it. I find it difficult to subscribe to 
the kind of philosophy which argues that 
a brick or a chair does not exist-it is 
only an interpretation of the human mind. 
It has to be. Even in Ganeshaiah’s im¬ 
aginary planet ‘Binearth’ we need a 
biologist from earth to study and interpret 
life on the planet. It is difficult to com¬ 
prehend how the universe can be visual¬ 
ized without the existence of cognitive 
beings (for whom and by whom anyway?). 
The world is, what the mind sees. There 
is, in my opinion, no question of imposing 
anything. 

Lastly, I do not think that science looks 
for patterns for its own survival. A very 
interesting pattern relating to the sounds 
produced by humans has been discovered 
recently. It concerns the case of two 
individuals with mild brain damage who 
were otherwise normal. It seems these 
two individuals were unable to pronounce 
vowels while being perfectly capable of 
pronouncing consonants. This provides 
yet another example of the ‘pattern’ of 
modular construction of human mind and 
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also suggests that categorization of sounds 
into vowels and consonants is a pattern. 
It may be imposed by human mind, so 
what? It could not be otherwise! Now if 
such pattern finding is going to ensure 
the ‘survival’ of neurologists and the 
growth of neuroscience, the ‘last frontier 
in biology’ we should only be too happy. 

With surprises such as the one men¬ 
tioned above being sprung on us from 
time to time, it may not yet be time to 
suspect that patterns are not a rule in 


nature. As Einstein said, ‘the eternal 
mystery of the world is its compre¬ 
hensibility’, and toward this we should 
continue our search for patterns. 

I am not sure if I have ‘not settled’ 
the issue by ‘debate’, but as Popper said, 
‘I may be wrong and you may be right 
and, by an effort, we may get nearer to 
the truth’. 
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National Workshop on Biodiversity Conservation in 
Managed Forests and Protected Areas 

Date: 29 November-1 December 1995 
Place; Bhopal 

Topics include: Biodiversity conservation in managed forests; 
Biodiversity in protected areas; Ethical and ecological con¬ 
siderations; Socio-economic issues; Institutional, policy and 
planning issues. 

Contact: Prof. P. C. Kotwal 

Indian Institute of Forest Management 
P.O. Box No. 357, Nehru Nagar 
Bhopal 462 003 
Phone: 575716, 64268, 67851 
Fax:91-755-572878 

Xth National Carbohydrate Conference 

Date: 8-9 November 1995 
Place: Vallabh Vidyanagar 

Topics include: Plant and microbial polysaccharides; Isola¬ 
tion, characterization and their biological activity; Carbohy¬ 
drate synthesis; Industrial polysaccharides; Production and 
utilization; Carbohydrate fermentation/Biotransformation. 


Contact: Prof. M. N. Patel 
Convener 

Department of Chemistry 
Sardar Patel University 
Vallabh Vidyanagar, Kaira 388 120 
Gujarat 

Phone: (02692)30411 
Fax: 91-02692-46475 

National Seminar on Trends in Chemical Education 
and Research 

Date: 16-18 November 1995 
Place: Madras 

Topics include: Innovation in creative chemical education; 
Recent advances in certain areas of analytical and general 
chemistry; Current trends and progress in biological, indus¬ 
trial and environmental chemistry 

Contact: Dr A. Srinivasan 
Director 

Protein Research Unit 

Dept, of Chemistry, Loyola College 

Madras 600 034 

Phone: (O) 8276894 (R) 8270021 
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INSAT Master Control Facility: An insight 

S. Uangarajan 

An overview of the activities at the INSAT Master Control Facility (MCF) located at Hassan 
is presented. After a brief account of the INSAT services, the major subsystems of the spacecraft 
and their interrelationships are brought out. Important operations in different phases of the 
mission are described. The maintenance of these satellites in the geostationary orbit calls for 
periodic station keeping manoeuvres. Facilities exist at MCF for carrying out these operations 
and also to provide support for the satellite users. A bird's eye view of the facilities is also 
included in the article. 


The Master Control Facility (MCF) is the only mission 
control centre for the INSAT satellites - past, present 
and future. It is located about 8 km north of Hassan 
town on way to the historic monuments of Halebeedu. 
What immediately catches the eye for a newcomer is 
the number of antennae looking like giant-sized cups 
propping up over a green line of trees. Unlike the 
sunflowers in the fields around, these antennae at MCF 
seem to be pointed for ever into the vast emptiness of 
space. Actually they are looking towards and com¬ 
municating with those satellites which have come to 
revolutionize our life-styles in the last decade. INSAT 
satellites are placed in the geostationary orbit, a circular 
one in the equatorial plane, at an altitude of around 
36,000 km, a height at which the period of revolution 
synchronizes with that of earth’s rotation. From there 
about 42% of earth’s surface is accessible for line-of-sight 
communication using an antenna-^ pointed in a fixed 
direction. 

The services provided by INSAT satellites have grown 
steadily both in terms of quantity and in terms of new 
services. In addition to traditional applications in the 
areas of telecommunication, TV and radio broadcasting 
and imaging for meteorological purposes, INSAT has 
several unconventional services like the collection of 
local meteorological data from remote unattended plat¬ 
forms, relay of zone-specific disaster warning messages, 
standard time and frequency distribution, tele-education, 
search and rescue system, etc. In fact, some of -the 
services are not widely known, for example, the high- 
quality sky radio channels which are being distributed 
as an add-on to the regional language TV transmissions. 

Spacecraft subsystems 

To understand how these multidimensional services are 
provided and what MCF’s role is in controlling the 
satellite, it is essential to have a broad understanding 

S. Rangarajan is at INSAT Master Control Facility, Department of 
Space, Hassan 573 201, India. 
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of the satellite’s subsystems and the orbit. A satellite 
can be visualized as being composed of its payload and 
the mainframe or a platform to operate the payload, 
comprising many interlinked subsystems. The payload 
is that part of the satellite which specifically caters 
to the application. For example, the communication 
payload on INSAT provides the necessary functional 
capabilities to receive a radio signal from a ground 
station in a specified frequency band, amplify and 
retransmit back to ground in a different frequency band. 
There are a number of subsystems which are essential 
for any operational spacecraft. Electric power subsystem 
is generally composed of solar arrays for generating 
power, rechargeable chemical batteries for storing power 
and power control electronics for load regulation. The 
attitude and orbit control system (AOCS) is composed 
of a set of attitude sensors to sense the current orientation 
of the body, processing electronics and set of actuators 
to generate control torques to orient the payload in the 
desired direction. The thermal subsystem provides the 
required thermal environment for the different com¬ 
ponents/subsystems. Active control using heaters is 
usually available. The propulsion subsystem provides 
the capability to carry out orbit transfers, orbit main¬ 
tenance, and provides for attitude control torques. The 
subsystem directly interfacing with the mission control 
centre is the telemetry, tracking and command (TT&C) 
subsystem. The communication is in specific RF fre¬ 
quencies in the GHz range. The telemetry subsystem 
centralizes the encoding of information from all the 
onboard subsystems and transmits them as a telemetry 
signal, probably the ever-running commentary about the 
on-board activities. Command subsystem provides the 
capability for receiving, decoding and distributing com¬ 
mands from the ground. Turn-around ranging provides 
the tracking data for orbit determination. 

Orbit maintenance 

A geostationary satellite has a designated longitudinal 
position in the equatorial plane over which it is placed. 
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A view of the Master Control Facility, Hassan. 



INSAT-2B disassembled view. 
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However, perturbations such as luni-solar gravitational 
effects, nonsphericity of the earth and solar radiation 
pressure cause deviations from the ideal orbit. These 
affect, respectively, the inclination, semimajor axis and 
eccentricity of the orbit. If there is any departure from 
the ideal geostationarity, the direction to the satellite 
will show a variation. Bigger antennae have a smaller 
beam width and hence this effect is more pronounced 
in them. The deviations are expressed in terms of the 
excursions in the latitude and the longitude of the 
subsatellite point (vertically below the satellite). It is 
MCF’s responsibility to maintain the orbit such that 
these deviations are less than O.L. 

For this purpose the orbit is determined by sending 
a set of sinusoidal tones from MCF to the satellite, 
modulating it on a suitable uplink carrier. The tones 
are turned around by the satellite on a downlink carrier. 
By measuring the phase difference between the trans¬ 
mitted and the received tones, the distance to the satellite 
is calculated. This, coupled with the direction information 
as determined from the antenna pointing angles, provides 
the instantaneous position in three dimensions. Similar 
measurements carried out several times a day are suf¬ 
ficient for reconstructing the orbit. From the determined 
orbit, it is possible to work out the optimal date and 
time of orbit correction manoeuvres. The inclination of 
the orbit, which affects the latitudinal excursions, must 
be limited to O.T in case of INfSAT. This calls for an 
out-of-plane thruster firing once in about 80 days. The 
propellant consumed in each of these manoeuvres is 
about 4 kg for INSAT, which has an on-orbit mass in 
the range of 1000 kg. Once there is insufficient fuel 
for this correction, the inclination of the orbit will build 
up, marking the end of mission life. The control of 
semi-major axis and eccentricity calls for in-plane thruster 
firing and the fuel requirements are an order of magnitude 
less. However, the frequency of corrections can be as 
high as once in two weeks. These manoeuvres are critical 
activities carried out with the participation of subsystem 
specialists on a real-time basis. A typical manoeuvre 
operation lasts about 4 h and the user services remain 
unaffected. 

Orbital events 

Precise orbit determination of satellite’s orbit has other 
uses for preventive measures. If an observer views the 
celestial bodies from the satellite, he would naturally 
see them going around the satellite in various orbits, 
sometimes one occulting the other. Some of the orbit- 
related events are earth shadow, lunar shadow, sun/moon 
intrusion into the field of view of sensors, etc. As the 
evolution of the orbit is predictable to a reasonable 
accuracy, many of these events can be predicted well 
in advance and suitable actions planned. Some of the 
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events greatly dictate the overall design of the satellite 
itself. For example, satellites in the geostationary orbit 
pass through the shadow of the earth around midnight 
local time for 45 days centred around the equinox. The 
longest eclipse is for 72 min and during this period the 
onboard battery supports the loads. Depending on the 
battery capacity, some loads may have to be shut off 
for the duration of the eclipse. The battery is to be 
charged using the solar power once the satellite comes 
out of eclipse and be ready for next day’s eclipse. One 
can imagine the constraints put on the thermal subsystem 
of the satellite to maintain an equilibrium temperature 
for the critical subsystems in the absence of solar input 
for about an hour and to operate any heater, if at all, 
with tight power budget. 

Link between control centre and satellite 

It may be true that the design methods go on improving 
constantly to keep the satellite going, but still space 
environment is not yet completely understood to make 
the systems error-free. For the payload as well as the 
other subsystems of the satellite, it is essential to monitor 
the proper functioning. If ever a fault is detected, 
immediate correction is called for not only from the 
point of view of user services, but also for preventing 
the fault from worsening and propagating to other sub¬ 
systems. For this purpose, it is essential to have 
knowledge of the current status of the satellite. A number 
of parameters pertaining to the different subsystems such 
as the temperature at different locations, operating status 
of equipment, pressure of fuel tanks, voltage, current 
and power consumed of selected units, angular infor¬ 
mation with respect to solar and other bodies, etc., are 
measured onboard and transmitted to the control centre. 
Some of these parameters are analog which are converted 
to digital data by sampling and quantizing. The sampling 
rates are different for different parameters. For example, 
temperatures which are generally slowly varying are 
sampled less frequently compared to attitude information, 
which is sampled more often. 

The different parameters are multiplexed to form a 
composite telemetry stream. INSAT-2 satellite has about 
400 analog parameters and 400 status parameters to be 
monitored. These are organized into a telemetry 
masterframe which repeats every 8 s. The slowly varying 
parameters occur only once in a masterframe. Each 
masterframe has 8 frames and each frame has 128 
eight-bit words. Including the overheads required to 
identify the start of frame and the subframe within the 
masterframe, the telemetry has a bit rate of 1 kbps. As 
the transmission from the satellite is at a very high 
frequency, the telemetry data are first modulated on a 
subcarrier which, in turn, modulates the RF beacon. 
INSAT uses PSK modulation on a 32 kHz subcarrier 
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and PM modulation on a 4 GHz carrier. On ground, 
the entire sequence has to be undone, namely, receive 
the beacon, recover the subcarrier, obtain the bit stream, 
synchronize the frame, identify the words and bits, 
convert to engineering units, and display the data. Besides 
being useful for mission control, the telemetry data also 
provide important feedback to the designers. 

As the number of parameters is large, continuous 
surveillance of the data is carried out by the mission 
computer, which can present the data in graphical and 
tabular forms and also alert the operator in case of any 
abnormality. Even one bit of data being abnormal will 
be a nerve-racking experience to the operating crew. 

The telecommand system provides the capability for 
receiving, decoding and distributing commands sent from 
the control centre. Commands are required for operating 
payloads, switching on/off heaters, firing thrusters, select¬ 
ing a redundant system, etc. Here again the command 
code is a set of bits which are to be transmitted on a 
RF carrier. INSAT uses a 100 bps data with FSK/FM 
modulation on a 6 GHz carrier. Unlike telemetry, it is 
important to guard against even a single bit error in 
the transmission. For this purpose forward error control 
coding is used. 

Launch phase operations 

In today’s technologies, satellites are not just thrown 
in space. They are designed and built on ground but 
transported to the destination in space. Before reaching 


the final slot, each satellite, like INSAT, goes through 
a launch phase wherein many critical activities are 
undertaken. The launch and early orbit phase is full of 
excitement and MCF bubbling with activities. In the 
first one or two weeks, the major operations include 
firing of big rocket engines for orbit raising, opening 
out of antennae and solar panels, an elaborate testing 
of payloads, etc. In INSAT the transfer to the geo¬ 
stationary orbit is carried out by using a liquid apogee 
motor which gives a thrust of 450 N. This motor has 
to be fired in three parts for about 100 min in all, 
resulting in a propellant consumption of about 1000 kg. 
This must be compared with the propellant requirement 
for the next ten years of on-orbit operation, which will 
be around 200 kg. Deployment of the appendages is 
also critical as any failure will result in a total loss of 
mission. 

So far MCF has supported six launches and in each 
case the signal from the satellite was received minutes 
after the satellite was put into orbit by the launch 
vehicle. This orbit is a highly eccentric one with perigee 
as close as 200 km from the ground and apogee at the 
geosynchronous height. Consequently, there is a large 
motion of the satellite relative to the ground calling for 
tracking antennae. Also, a given earth station cannot 
have continuous radio contact in successive orbits. For 
this purpose, additional tracking stations are deployed 
and a communication interface established with the 
tracking network. The launcher agency is also linked 
by dedicated communication channels so as to monitor 



Mission sequence. 
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carefully the prelaunch operations which go on for 7-8 
weeks. Prior to the launch the entire hardware at MCF 
undergoes revalidation. The mission control software is 
tested extensively and the operations crew are trained 
to carry out the sequence of events (SoE) pertaining to 
the mission. The simulation and rehearsals are conducted 
in several stages and last a few months. 

Normal phase operations 

At the end of launch phase operations a satellite and 
its payloads are tested for their functioning and declared 
operational from its slot in space. Then onwards, the 
mission life of the satellite begins and the operations 
undertaken in this period are called normal phase opera¬ 
tions. Spacecraft operations call for considerable plan¬ 
ning and critical analysis so as to ensure flawless 
execution of commands and a fast response in the event 
of any contingency, pinpointing the problem area in 
case of a malfunction. Based on the user requirements 
nominal operations are detailed as an event schedule 
on a time line. Unforeseen behaviour is taken care of 
by issuing operations directives generated by the sub¬ 
system engineers. Equal importance is given for trend 
analysis and performance monitoring to detect even 
minor anomalies at the earliest. Emphasis is also laid 
on generating periodical reports as well as anomaly 
reports. 

Though the operations may look quite routine for a 
casual observer during the normal on-orbit phase, the 
stakes involved are so high that it is important to 
monitor continuously the state of health of the satellite. 
A careless command or unwatchful operator can bring 
the end of life to a mission. The parameters pertaining 
to attitude control are rather important in this context. 
The attitude and orbit control system (AOCS) of INSAT 
in the normal on-orbit phase is designed around the 
concept of biased angular momentum. By spinning two 
flywheels an angular momentum of about 1 SON ms is 
maintained, giving gyroscopic stiffness to the body. The 
disturbance torques are taken care of by adjusting the 
wheel speeds, making use of the principle of conservation 
of angular momentum. Unidirectional disturbances may 
result in the wheel speeds going to extreme values and 
hence at such times thrusters are fired (typically for 16 
ms) to bring the wheel speed within the operating range. 
Even though the attitude control system works based 
on a closed-loop onboard control, it is important to 
monitor the system parameters from ground. Even a 
small error of T in the pointing will result in a shift 
of antenna beam by about 600 km on the surface of 
the earth, affecting all the user services. Such misorien- 
tations can arise for a variety of reasons like an 
anomalous thruster firing, a single event upset in the 
processor code, attitude sensor failure, etc. If any of 
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these were to occur, quick corrective actions are called 
for. Depending on how high the body rates are, the 
recovery process may take anywhere from 15 min to 
10 h. At such times of loss of attitude lock, the experts 
assemble at the control centre within 15 min irrespective 
of the time of occurrence of the anomaly. 

MCF facilities 

MCF is an integrated control facility with multiple earth 
stations co-located with mission control centre. It present¬ 
ly has three full-motion antennae with trans-receive 
capability in C-band (6/4 GHz). There are a number of 
limited-motion antennae to support payload test in C- 
band, extended C-band, S-band (2 GHz) and UHF 
(400 MHz). It also has a boresite facility for zero range 
calibration and RF testing. The interface between earth 
stations and satellite control centre (SCC) is at 70 MHz. 
see houses the base-band equipment for telemetry, 
tracking and command, data processing system, timing 
systems, recording facilities and communication systems. 
The computer systems include PDF ll/70s and VAX 
systems. In keeping with the present-day trend, the 
future missions will be supported on distributed process¬ 
ing system. Besides the workstations, telemetry is being 
processed on PCs with suitable add-on cards developed 
in-house. The mission control software can be broadly 
divided into two categories - one for real-time data 
acquisition, processing, health monitoring and trend 
analysis, and the other for processing the tracking data, 
determining the orbit, predicting the orbital events and 
planning correction manoeuvres. 

A centralized power system provides uninterrupted 
power supply for each functional area. The captive 
generating system consists of six generators of SlOkVA 
capacity each. A variety of air-conditioning systems 
provide the required environmental control. It is a matter 
of great pride that all these systems are maintained 
in-house. 

Initially it was a necessity to grow a garden around 
the facility to avoid collection of dust all around. Over 
the years the garden has been developed so well that 
it won a prize in the horticultural competition at the 
State level. 

The facility started with just about 40 persons in the 
year 1980. Now even the security staff belonging to 
the CISF exceed this number! The present staff strength 
of MCF is around 300, drawn from different engineering 
disciplines, technical branches and administrative areas. 
At any time 18 persons are on round-the-clock shift 
duty headed by an Operations Manager. He or she will 
coordinate with the users on real time as required. The 
spacecraft controllers undergo a well-structured training 
programme for six weeks followed by on-the-job training 
for a similar duration. It is noteworthy that MCF was 
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asked to organize a course for such controllers working 
for Arabsat, a multinational organization controlling 
similar satellites. If MCF has been able to achieve 
smooth and flawless operations for all these years, it 
is only due to the personal involvement of everyone of 
the staff members who takes pride in his or her job 
with an excellent team spirit. 

MCF has been responsible for several innovations 
such as the survival of INS AT-IB through the eclipse 
season in spite of the loss of both the onboard batteries, 
use of attitude control thruster firings for orbit adjustment, 
detailed on-orbit measurement of antenna footprint, etc. 
MCF has also taken the lead in indigenization program¬ 
mes as well as technology transfer to the industry. 

Into the future 

INSAT system is still in the stage of growth in terms 


of introduction of newer payloads and newer services. 
Correspondingly, the augmentation of the facilities at 
MCF will go on for the next few years. For example, 
presently, new earth stations are being built for testing 
Ku-band (11/14 GHz) communication payload and 
Mobile Satellite Service (MSS) payload. In the next 
three years a launch of INSAT is planned every year. 
There will also be experimental missions carried on the 
test flights of GSLV. Each launch calls for calibrating, 
checking and revalidating the performance of every 
subsystem to ensure fail-safe operation. The launch 
seasons are so hectic that the MCF personnel have very 
little time for other activities. However, the routine 
operations tend to be less glamorous, but provide useful 
feedback to the designers. ISRO is one of the few 
organizations in which the satellite design and operations 
are carried out under the same umbrella. This is sure 
to pay rich dividends in the long term. 


Vegetarianism: A nutritional appraisal 


K, r. Achaya 

Vegetarianism in India is perhaps . 3000 years old. What is the extent of flesh consumption at 
present? How do vegetarian diets stand up to scrutiny in the light of modem nutritional 
knowledge? What of the future? These are the questions addressed in this paper. 


Nowhere in the world except in India is the concept 
of vegetarianism really commonplace, or accepted 
without explanation. Nor is this surprising, since the 
vegetarian ethos was propounded here by the Vedic 
Indians as early as about 1000 bc. There are many today 
who are a product of total vegetarian eating for as long 
as hundred generations, and survive, reproduce and live 
full and satisfying lives, both physically and mentally. 
So it has been done, and can be done. There is room, 
however, to review the current trends in the use of 
animal foods, and the practice of vegetarianism, in 
relation to the knowledge of scientific nutrition that has 
been unravelled over the last century or so. 

Proportions and causes 

Census figures of 1971 record the proportions of 


K. T. Achaya resides at Flat GB, Wood Creek, 115, 3rd Main Road, 
Defence Colony, Bangalore 560 038, India. 


vegetarians that exist in the various states of India. 
Among the high-vegetarian-population states (expressed 
as percentages of the population) are Gujarat 69, Rajas¬ 
than 60, Punjab-Haryana 54 and Uttar Pradesh 50. At 
medium levels come Madhya Pradesh 45, Karnataka 34, 
Maharashtra 30 and Bihar 24, while the low-vegetarian- 
population states are Tamil Nadu 21, Andhra Pradesh 
16, Assam 15, and Kerala, Orissa and West Bengal 6 
each. The overall figure for vegetarianism in the whole 
country in 1971 was 28%. 

What is the nature of this vegetarianism? Reliable 
dietary data have been collected for the years 1979-81 
by the National Nutrition Monitoring Bureau, Hyderabad, 
in 10 states spread all over India^ In the rural areas 
of these 10 states, the consumption figures for fish and 
other flesh foods (including eggs)^ are shown in Table 1. 
Everywhere, fish intake is much higher than that of 
meat, the averages for each of these for the 10 states 
being about 10 g of fish and just 3 g of meat a day. 
Since vegetarians form about one-quarter of the popula- 
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Table 1. Nonvegetarian food intakes: Rural dwellers 
(g/consumption unit/day) 


Region 

Fish 

Other flesh 
foods 

Total 

North 

Uttar Pradesh 

3 

2 

5 

Madhya Pradesh 

South 

0 

0 

0 

Kerala 

37 

1 

38 

Tamil Nadu 

3 

8 

11 

Karnataka 

1 

2 

3 

Andhra Pradesh 

15 

7 

22 

East 

West Bengal 

17 

4 

21 

Orissa 

12 

5 

17 

West 

Maharashtra 

11 

3 

14 

Gujarat 

1 

0.5 

1.5 

Mean, about 

10 

3 

13 

Weighted mean for 

nonvegetarians, about 

13 

4 

17 


tion, the daily averages for nonvegetarians as a whole 
are 13 g of fish and 4g of meat, a total of 17g per 
head per day. In other words, in India, the nonvegetarian 
item by and large represents just one more vegetable, 
only a small part of the total food. Larger amounts of 
fish are eaten in coastal states like Kerala (37 g), and 
West Bengal, Andhra Pradesh and Orissa (17-12 g)^ In 
Goa and the Andaman Islands, data from other surveys 
conducted around the same time show that per capita 
fish consumption is as high as 100 g a day, with 
practically no meat at alll 

Two factors are involved in vegetarianism. One is 
the ethical or religious belief, to which have recently 
been added economic and environmental concerns. The 
other is income, because meat and, slightly less so, fish 
are expensive items of food. Table 2 shows intakes of 
nonvegetarian foods for various income groups in Kerala, 
Tamil Nadu and Gujarat*. In Kerala, 94% of the popula- 
tion are nonvegetarians: fish eating is widely prevalent, 
and income is not a very major determinant. In Tamil 
Nadu, religious belief and the income effect are both 
depressants of non vegetarian intake, but the reason seems 
to vary at different levels. Upper income groups are 
vegetarians through belief, lower ones through income 
scarcity. More meat than fish is eaten at all levels, a 
distinct and somewhat surprising reversal of the general 
rule for a coastal state. Gujarat too has a long sea 
coast, but the large populations of Jains and Vaishnavites 
are responsible for very low consumption of both fish 
and meat at all income levels*. 

Simply the fact of living in cities seems to influence 
the nature of food intakes in several respects^. The 
dietary data in Table 3, showing the consumption of 
nonvegetarian food in Trivandrum, Madras and Ahme- 
dabad, the capitals of the three states that have just 

416 


Table 2. Nonvegetarian intakes: Rural dwellers 
(g/consumption unit/day) 


Region 

(population group) 

Fish 

Other 

flesh foods 

Total 

Kerala 

High-income 

45 

9 

54 

Middle-income 

47 

1 

48 

Low-income 

33 

0 

33 

Tamil Nadu 

High-income 

3 

8 

11 

Middle-income 

4 

9 

13 

Low-income 

1 

7 

8 

Gujarat 

High-income 

0 

0 

0 

Middle-income 

2 

0 

2 

Low-income 

1 

0 

1 


Table 3. Non vegetarian intakes: Urban dwellers 
(g/consumption unit/day) 


Region 

(population group) 

Fish 

Other flesh 
foods 

Total 

Trivandrum 

High-income 

36 

30 

66 

Middle-income 

47 

3 

50 

Low-income 

41 

0 

41 

Madras 

High-income 

4 

15 

19 

Middle-income 

14 

13 

27 

Low-income 

17 

8 

25 

Ahmedabad 

High-income 

4 

19 

23 

Middle-income 

1 

5 

6 

Low-income 

2 

10 

12 


been discussed, illustrate in exaggerated form the rural 
deductions just made^. In Trivandrum, high-income 
groups take both fish and meat, other groups mainly 
fish. In Madras, again the distinct preference among 
upper-income groups for meat over fish is apparent even 
when both can be afforded; is not, fish is consumed. 
Quantities are low in Madras upper-income groups 
because of ethical vegetarianism. In Ahmedabad, there 
is far more nonvegetarian food consumed than the 
average 1.5g/day in rural Gujarat (Table 1). Again, 
meat is preferred over fish, reflecting the choice of the 
cosmopolitan (and perhaps not always Gujarati) upper- 
income groups of that city. 

The complexions of regional diets 

So far we have focused on the nonvegetarian part of 
Indian diets. Lets us now look at the rest of the diets, 
shown in Table 4 for the rural areas of four states 
situated in the north (Uttar Pradesh), south (Tamil Nadu), 
east (West Bengal) and west (Gujarat) of the country*. 
In all these diets, nonvegetarian items form only a very 
small part: rural Indian food everywhere in the country 
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is essentially vegetarian. The quantities of cereals and 
pulses consumed in all states are fairly similar, though 
the cereal used will differ, and to a lesser degree the 
pulse. Uttar Pradesh would have mostly wheat, Tamil 
Nadu and West Bengal mostly rice, and Gujarat rice, 
wheat and bajra. Intakes of roots and tubers, and of 
vegetables, are low in Tamil Nadu and Gujarat, and 
high in West Bengal. Consumption of milk and its 
products is low in West Bengal and exceptionally high 
in Gujarat. The levels of calories, proteins and fats 
calculated from the above dietary components^ are shown 
at the end of the table, but these are better considered 
a little later, along with the quantities of other minor 
nutrients derived from these diets. 

These nutrient intakes^ are shown in Table 5, along 
with the 1989 recommended daily intakes for each 


Table 4. Average regional rural diets (g/consumption unit/day) 



Uttar 

Pradesh 

Tamil 

Nadu 

West 

Bengal 

Gujarat 

Cereals 

497 

518 

572 

438 

Pulses 

47 

35 

23 

32 

Roots/tubers 

79 

39 

93 

46 

Vegetables 

140 

106 

235 

96 

Milk and its products 

75 

82 

39 

199 

Fats/oils 

4 

11 

8 

21 

Sugar/Jaggei 7 

7 

17 

11 

33 

Animal foods 

5 

11 

21 

2 

Calculated nutrients 

Calories 

2115 

2196 

2580 

2333 

Protein, g 

70 

54 

63 

67 

Fat, g 

25 

36 

32 

51 


nutrient laid down by the Indian Council of Medical 
Research"^. In the new norms, the weights of an Indian 
reference man and woman have been set higher (at 60 
and 50 kg, respectively) than the current averages in 
order that the levels of nutrients recommended become 
targets to be reached by the better-built citizens of 
tomorrow. This may make some of the actuals appear 
more deficient than they really are for the smaller 
people. Generally speaking, calories, proteins and fats 
are fairly well met even in average Indian rural diets. 
Calcium and iron are apparently adequate, though iron 
represents a special case, which will be discussed later. 
Vitamin A intakes are really low, and are reasonably 
satisfactory only in Bengal, thanks to the high con¬ 
sumption of green leafy vegetables, a cheap and excellent 
source of this vitamin. Other nutrient requirements are 
more or less met. It would appear that, generally speak¬ 
ing, Indian-style cereal-based diets, though containing 
very little nonvegetarian foods, are nutritionally fairly 
satisfactory, and can be made even more so with greater 
buying power and some dietary knowledge and alteration. 
Let us now look into our foods and cooking practices 
in greater detail. 

Indian food practices 

Many traditional Indian habits have come down to us 
from very ancient times, and are based on the food 
materials actually available, on deductive observations 
in the past of their effects on health, and on the overall 
Indian food ethos. These practices have much to 


Table 5. Nutrients present in Indian rural diets 



Uttar 

Pradesh 

Tamil 

Nadu 

West 

Bengal 

Gujarat 

ICMR 

recommendation 

Calories 

2115 

2196 

2580 

2333 

2700 

Proteins, g 

Fat, visible plus 

70 

54 

63 

67 

60 

invisible, g 

25 

36 

32 

51 

20*' 

Calcium, mg 

426 

609 

493 

546 

400 

Iron, mg 

29 

26 

33 

25 

28 

(women 30) 

Vitamin A, meg 

207 

211 

495 

264 

600 

(lactation 950) 

Vitamin C, mg 

B vitamins 

41 

39 

91 

35 

40 

(lactation 80) 

Thiamine, mg 

2.1 

0.9 

1.1 

1.9 

1.35 

Riboflavin, mg 

1.2 

0.8 

0.8 

1.2 

1.62 

Nicotinic acid, mg 

21.6 

12.1 

17.9 

14.1 

17.60 

Pyridoxine, mg 

— 

— 

— 

— 

2.0“ 

Folate, meg 

— 

— 

— 

— 

100” 

(pregnancy 400) 

B,2 





1.0‘’ 

(lactation 1.5) 


‘‘Wheat and bajra: rich; rice: poor. 

’’Liver and eggs: rich; cereals, green vegetables, banana, orange: moderate. 
‘■‘Mostly from animal foods and bacterial activity (see text). 

‘’Visible fat only. 


CURRENT SCIENCE, VOL. 69, NO. 5,10 SEPTEMBER 1995 


417 



GENERAL ARTICLES 


commend them. Everywhere in India cereals and pulses 
are eaten together: rice with sambhar, chapati with 
dal, and combination cooked foods like the idli, dosai, 
dhokla, pesarattu, khichdi and holige. There is an 
important protein complementation effect involved"^’^. 
Cereal proteins carry good levels of the two essential 
amino acids cystine and methionine, and pulse proteins 
that of the amino acid lysine. When both are taken 
together, these amino acids complement each other, 
raising the total protein eaten to one of higher quality. 
If percentage marks are given, eggs, meat and fish 
proteins would score about 80 and milk about 72. A 
cereal-dal combination would score about 65, though 
each protein in itself would score only 50-55. Add to 
this some milk or curd, and there is not much to choose 
in protein quality between vegetarian and nonvegetarian 
diets taken as a whole. A second point about Indian-style 
diets is that they are rich in dietary fibre^. This is a 
recent term which means all complex carbohydrates that 
are not broken up by the digestive enzymes and are, 
therefore, not absorbed, thus passing into the stools. 
Today, many diseases of the lower colon, like cancer 
and constipation, are being linked with an insufficiency 
of dietary fibre, and hence of long intervals between 
evacuations. Indian diets rich in cereals and vegetables 
do well on this count. So do they in terms of fat^. 
Rice and wheat carry about 2-4% of invisible fat each, 
and consumption of the usual 500 g of cereal a day 
would give 10-20 g of fat right away. Indian diets have 
been computed to contain a total of as much as 25 g 
of such invisible fat a day on an averaged Fermented 
foods have much to commend them. The digestibility 
of both carbohydrates and proteins in foods like idli 
and dhokla is very high, since these entities have been 
broken down during fermentation^’^ Any iron that is 
present becomes ionized and, therefore, available to the 
body. Curds carry microflora developed during fermen¬ 
tation, which serve to replenish those in the lower 
intestine and are helpful in digestion and in warding 
off infection. 

Today the virtues of liquid unsaturated vegetable oils 
are being publicized in the western countries, India has 
had a long tradition of the use of such oils in daily 
cooking. Ghee has had a place of veneration that current 
nutritional science does not tend to endorse^. 

Raw foods are valued because they are one way of 
ensuring a good supply of a nutrient like vitamin C, 
which is quickly destroyed by air, light and heat. Western 
salads of raw vegetables and fruits are meant for this 
purpose, and in India we have long cherished our raw 
chutnies, pacchadis, raitas and kocchumbers made up 
of ground green ingredients. In fact, cooking without 
fire was a distinct Vedic category of food preparation 
and included items like pickles of lime and mango with 
spices and salt, or sugar-preserved items in which 
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nutrients are well conserved for year-round use. Sprouting 
of mung, chana and ragi is a well-established Indian 
practice, and often the products are eaten raw, which 
further conserves vitamins. Vitamin C and several B 
vitamins are nearly doubled on sprouting and iron is 
released from bound forms^’^’^^ An age-old practice thus 
finds modern nutritional vindication. 

Indian historical injunctions regarding hygiene have 
a thoroughly contemporary connotation. One was obliged 
to wash hands and the mouth before and after eating, 
eat from disposable plates to avoid cross-infection, and 
not to sip water from a glass but pour it in. Leftover 
food was not to be eaten, which in pre-refrigerator days 
made sound sense. There were two kinds of foods in 
the Aryan ethos^^. Kaccha foods were everyday foods, 
eaten daily, like rice and dal; these boiled foods were 
to be cooked and eaten only within the kitchen by the 
family members. Pucca foods could be taken outside, 
and also shared; these were usually fried foods, which, 
as we know today, have a much longer keeping quality, 
and are not prone to infection. Sociological theorizing 
was in this instance a basis for sound nutritional practice. 

Animal foods in nutrient terms 

Proteins of high quality were once considered the major 
virtue of animal foods. There is truth in this in terms 
of amino acid quality, but as we have seen, blending 
of proteins from cereals and pulses compensates fairy 
adequately. The quantity of protein in fresh meat and 
fish is 18%, whereas most dais carry between 20 and 
23%. However, because of swelling and bulkiness, it is 
easier to consume say 100 g of meat than to eat the 
same weight of dal, and the gas-forming nature of most 
dais is also a drawback^’^^. 

There is a bit of a mystery about iron. It has repeatedly 
been shown that from nonvegetarian diets, there is high 
absorption of any iron present in the food, whereas the 
same quantity of iron from a cereal-based diet is absorbed 
only to the extent^"^ of about 3%. Also, from the same 
diet, a pregnant woman will absorb about 5% of the 
iron and a woman suckling a child"^ 7%. Some sort of 
feedback mechanism operates, and vegetarian diets do 
face a problem of low absorption. As a result, most 
Indians are slightly anaemic by western standards, and 
consumption of iron-fortified salt is being recommended 
even on a national basis. Studies in large groups have 
shown excellent and sustained improvement in blood 
iron levels after taking such salt^^. 

Vitamin Bj 2 is an ‘animal’ vitamin, present in high 
amounts in liver and to lesser extents in meat. From 
purely vegetarian diets it is difficult to get enough of 
this vitamin to meat normal needs, and yet there is 
little evidence of deficiency in India by way of pernicious 
anaemia^. This has been attributed to several causes: 
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the higher absorption (70%) of the vitamin from food 
by vegetarians than by meat-eaters (16%), the presence 
of bacteria (which synthesize vitamin 6 ^ 2 ) on the surfaces 
of green vegetables and in water supplies carrying 
decaying vegetable matter, and the poor hygienic prac¬ 
tices prevalent in India"^. The quantity of the vitamin 
needed daily is very small, only one meg a day. Yet 
many vegetarians from India who migrate to England 
frequently develop signs of vitamin deficiency like 
pernicious anaemia; the type of bacteria populating their 
small intestines has been found to change, and the 
number of bacteria drops considerably, probably reducing 
Bj 2 synthesis in the small intestine markedlyAlso, a 
large number of antagonistic factors may come into 
play, like the use of more processed foods, an excess 
of vitamin C and copper, and excessive medication. 
Cholesterol is another product of animal metabolism, 
found in eggs and meat, and also in milk, butter and 
ghee. Consumption of these is low in India, but the 
high incidence of cardiovascular disease among Indians 
living in England, once tentatively attributed to oxidized 
cholesterol found in heated ghee freely used by Indians 
there, is now being linked^’^^ to the trans fatty acids 
present in ghee to the extent of about 4%. Fears regarding 
cholesterol consumption have sharply depressed intakes 
of butter (which is also a saturated fat) in advanced 
countries, perhaps without justification. Cholesterol in 
milk itself is at a low level and milk is not considered 
a major source. 

Global concerns 

In India, in the recent years there has certainly been a 
trend towards a higher degree of nonvegetarianism among 
traditionally vegetarian families. Many factors are opera¬ 
tive. Better purchasing power among the middle class 
is one of them, and the aping of the habits of the 
so-called upper class, the executive and the film star. 
To restless younger people, it represents part of a desire 
to break traditional shackles, especially when they travel 
abroad alone and undergo the travails of finding appe¬ 
tizing vegetarian food when on the move. Whatever it 
be, the phenomenal growth during the last two decades 
of the egg and chicken industry in India is a reflection 
of the spread of nonvegetarian eating habits among Indians. 

The west, on the other hand, seems to be moving 
steadily towards vegetarianism. Both in Britain and the 
USA, some 7-10% of people, especially the younger 
generation, are believed to have become vegetarians. 
Many reasons are given for this. One is the humanitarian 
concern of ahimsa. A more important reason is the 


realization that the animal is an inefficient converter of 
feed materials into meat or milk. The same food grains 
which an animal is given could feed several human 
beings, and the production of a typical western non¬ 
vegetarian diet of say 3000 calories has actually used 
up many times that value in terms of feed calories. 
There is a growing realization of the fact that our earth 
is a single, finite spaceship in which the whole of 
humanity will sink or swim together; food must be 
found for everyone, and animal food is too energy-ex¬ 
pensive to meet the need. 

What of the future? One can only hazard a guess 
that a new genetic revolution in food plants is on its 
way, which may increase grain yields to an extent that 
can hardly be visualized. If grain production from the 
same agricultural land area goes up dramatically, and 
if the population of the world gets stabilized, the 
economic argument will lose strength. Whether the ethical 
or moral one will continue to prevail remains an open 
question. 
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Cursive English script recognition - 
A knowledge-based system 

P. y. 5. Rao and T. M, Ajitha 

Script recognition by computers becomes extremely difficult due to variability at the input arising 
from a variety of reasons. Most existing recognizers are based on statistical pattern recognition 
techniques and require extensive training. This system uses domain knowledge to extract the 
broad shape features while filtering out the deformations and other variations in shape as 
'noise \ This eliminates the need for any type of training. The performance of the system (even 
in a writer-independent task) is in the range of 95-100%, which compares very favourably 
with the current state of the art. This approach can be used for Indian language scripts too. 


Script recognition - recognition of handwritten words 
and characters by computers-is receiving a lot of 
attention nowadays due to its practical applications in 
many areas: office automation, bank cheque processing, 
postal address and ZIP code recognition, signature 
verification, and, in general, document and text recog¬ 
nition. It is, in addition, a challenging area of research. 

Script recognition can be accomplished using either 
of the following two approaches: recognizing words as 
integral units or visualizing each word as being composed 
of discrete characters. This distinction between word- 
and character-based recognition systems is particularly 
significant for cursive English script, where each word 
is not merely a string of discrete characters but a more 
or less continuous curve where character shapes may 
get modified to some extent. Recognition of words in 
terms of individual characters becomes difficult because 
decomposing a word into character length segments is 
a nontrivial problem. Segmentation into characters is 
not needed for a word level recognition system; on the 
other hand, the number of classes (each word will be 
a distinct class) increases very substantially in this case. 

The different methodologies used for script recognition 
(character- or word-based) include: 

- Point-by-point global comparison (comparison of all 
pixels in the image). 

- Global transformations involving Fourier transforma¬ 
tions, moment calculations and rotation according to 
the principal axis of inertia. 

- Extraction of local properties such as lines, end points, 
T-junctions, corners and strokes. 

- Analysis in terms of curvature which involves curve 
following, detection of concavities and geometrical 
analysis. 


P. V. S. Rao and T. M. Ajitha are in the Computer Systems & 
Communications Group, Tata Institute of Fundamental Research, Homi 
Bhabha Road, Colaba, Bombay 400 005, India. 
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- Structural methods (decomposition of each character 
into its constituent elements, topological description 
and reduction of each character into a graph). 

Overview 

How can a computer-based recognition system ‘learn’, 
i.e. acquire knowledge about the characters and script 
of a language? How does it organize and utilize this 
acquired knowledge for actual recognition? The task of 
handwritten character and word recognition gets com¬ 
plicated due to variability arising from context effects, 
sloppy writing, subject-to-subject differences in writing 
style, etc. In fact, even the same person writes quite 
differently at different times. It is for such reasons that 
even the best trained optical readers - the human eyes - 
make some 4% mistakes when reading handwritten script 
in the absence of context information. According to 
Mantas': ‘Handwritten character recognition is not a 
simple task as it may appear. Errors in reading hand 
prints are caused by the infinite variations of shape 
resulting from the writing habit, mood, style, education, 
region of origin, health, social environment and other 
conditions of the writer, as well as other factors such 
as writing instrument, writing surface, scanning methods 
and finally, of course, the machine’s character recognition 
algorithms.’ The complexity of the task increases progres¬ 
sively as we go from fixed-font recognition of printed 
text (recognition of specific fonts) to recognition of 
single unconnected handwritten characters and finally 
to connected cursive (handwritten) scripts. 

The underlying presupposition behind all recognition 
approaches is that there exist certain invariant properties 
which define each pattern in the task domain in a 
unique way and that these properties (parameters) can 
be determined in a quantitative sense. 

In a general case of pattern recognition, each sample 
or pattern can be represented as a point in an n-dimen- 
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sional parametric space where each dimension cor¬ 
responds to one parameter (Figure 1). The set of 
parameters required for representing the individual pat¬ 
terns at the input would naturally depend on the com¬ 
plexity of the problem domain. Ideally, various instances 
of each class map into points which cluster into a 
compact neighbourhood in this space. Also, there would 
be no significant overlaps between regions defining the 
classes. Both these are necessary conditions for pattern 
recognition systems to perform well. These facilitate 
deriving a ‘mean’ representation for each input class, 
determined by the input instances (belonging to this 
class) encountered at the time of training. 

For instance, in the case of the minimum-distance 
approach, the ‘distance’ between an input pattern and 
the ‘mean’ or ‘class prototype’ is a measure of the 
dissimilarity between them. The input pattern will be 
recognized as the class prototype ‘nearest’ to it. In the 
maximum-likelihood approach, the likelihood that a test 
sample may be a member of a cluster or class is 
determined on the basis of probabilistic distributions in 
the parametric space. The input pattern is put into the 
class with the maximum value for the probability of 
occurrence. 

Many existing recognition systems use statistical pat¬ 
tern recognition techniques based on minimum distance, 
maximum likelihood, hidden Markov models^, neural 
network models^’"^, etc. They are trained ‘by exposure’ 
to representative samples; the system tries to extract 
representative models for each of the script characters 
(or words) as encountered in real life. Understandably, 
these models would be distorted versions of the cor¬ 
responding ideal character shapes. 



Figure 1. Clustering in parametric space. 
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Figure 2 shows some representative patterns ‘learnt’ 
by a neural network classifier proposed by Schomaker^^, 
for the characters /a/, Jbl, Igl, Ikl, Ini, lol, Ipl, Irl, Iwl, 
Ixl, lyl, Izl. It can be seen that the mean representation 
or class prototype is rather distorted and is quite different 
from the ‘ideal shape’ for each particular class (char¬ 
acter). This is because while developing a ‘statistical 
model’ for the respective input classes, the classifier is, 
in fact, modelling not only the canonical shape behind 
it but also the variations (or ‘noise’) encountered af the 
input level. 

In contrast to the statistical approaches mentioned 
above, our feature-based approach^’^ is based on the fact 
that for each script character or word, there exists 
notionally an ideal pattern-the copy book version- 
which the writer is attempting to reproduce while writing. 
The variations or distortions that occur are viewed as 
added noise. Essentially, our system represents each 
individual character/word (input class) by the correspond¬ 
ing canonical shape (prototype). The task of the recog¬ 
nition system is thus to map a noisy real-life input 
(Figure 3 a) into the copy book counterpart (Figure 3 e). 
This is done in two steps. 

Step 1: Filter out (local) shape-related distortions and 
retain only the broad (global) shape features of the 
input shapes by choosing an appropriate set of parameters 
which preserve only the very essential information regard¬ 
ing the shapes (Figure 3 b). It can be easily verified 
that there exists only one way of linking the feature 
points while preserving the order. The shape distortions 
in Figure 3 a have been eliminated in the reconstructed 
pattern (Figure 3 c). 

Step 2: Filter out the distortions relating to size, shape 
and slant. Figure 3 e is such a reconstruction. (This is 
accomplished by quantization of parameter values as shown 
in Figure 3 d and is discussed in greater detail later.) 




b 


1 


^4 
















w 




y ^ 




Figure 2. Abstract shapes derived by Kohonen net trained on samples 
written by a single subject (taken from ref. 4). 
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Figure 3. Feature extraction and reconstruction after normalization. 
a. Original pattern, b. Information captured by the feature set used. 
c. Reconstruction based on information in (b). d. Feature set after 
quantization, e. Reconstruction using quantized feature set. 


Thus, this feature-based approach helps us to filter 
out the deformations, thereby ignoring the actual and 
detailed shapes of the character and to retain only broad 
shape features. Consequently, there is no-need for analys¬ 
ing different samples corresponding to each individual 
character since each of them carries the same broad 
shape features. This makes training superfluous in this 
approach. 

Selection of parameters 

As mentioned earlier, recognition needs to be performed 
on the basis of the attributes of the patterns involved; 
these are represented as values of specific physical 
parameters of the signal. Selection of an appropriate 
minimum set of parameters is thus an important step 
for any script recognition system, and, in general, for 
all pattern recognition systems. For example, the selected 
set of parameters should not be sensitive to the style 
(and mood) of the writer (or to any of the other 
variations that occur in practice). It would be ideal if 
these parameter values remain invariant irrespective of 
contextual effects, variation in size, and placement of 
individual characters within a word. A character level 
recognition system should also be insensitive to all 
possible variations of individual character shapes when 
they are concatenated to form a word. This is a very 
important requirement for cursive script recognition in 
English. 

In the current feature-based approach, the parameters 
selected permit the retention of broad shapes by capturing 
the archetypal characteristics of each individual character, 
and filtering out as noise all writer-specific, context- 
dependent and other distortions such as those relating 
to shape, size and slant. We accomplish this by heavy 
quantization of the parameter values (Figure 3). 

Feature-based recognition system 

In our parametric model, we use features concerned 
with points of minimum radius of curvature (minima) 
and maximum radius of curvature (maxima) - the feature 
points - for representing the characters. The feature vec¬ 
tor representing an individual character consists of the 
points of minimum radius of curvature - the minima - of 
the character. The attributes we use are the location of 
the minima and the direction of curvature at these 
points. 

Figure 4 shows the word landyl and the minima and 
maxima points; the minima bear even numbers and the 
maxima are the points with odd numbers. 

The attributes of the minima and maxima are insen¬ 
sitive to local fluctuations in the shapes of the actual 
curves. A recognizer using these attributes would, there- 


422 


CURRENT SCIENCE, VOL. 69, NO. 5,10 SEPTEMBER 1995 




GENERAL ARTICLES 



Figure 4. Feature points for the word landyl. 

fore, be reasonably robust. It is, in principle, possible 
to train a statistical recognizer to recognize script words 
using this information alone. Though insensitive to shape 
fluctuations, such a recognizer would still be sensitive 
to the fluctuations in slant, size and position. Such a 
recognizer would, therefore, need a large number of 
training samples. To obviate this, it would be desirable 
to ‘standardize’ the character size which manifests itself 
as horizontal and vertical distances between successive 
minima. This standardization can be conveniently done 
by warping the characters to fit into a uniform grid, 
i.e. by quantizing the X and Y coordinates of the minima 
points. This takes care of variation in character sizes. 
This has, in fact, been done in Figure 3 d. Similarly, 
quantizing the slopes of the maxima would eliminate 
the fluctuations in slant angle while writing. 

Each minimum on the curve is characterized by posi¬ 
tion (X and Y coordinates) and curvature. The curvature 
is quantized to three values to carry the direction 
information: ‘a’ for anticlockwise, ‘c’ for clockwise and 
‘s’ for sharp turns (where the curvature could be either 
clockwise or anticlockwise). The Y coordinate value is 
quantized to four possible values: ‘b’ and ‘m’ (baseline 
and midline) for characters such as Id and lnl\ ‘h’ and 
‘1’ (highline and lowline) for characters with ascenders 
and descenders such as /hi and IgL X coordinate values 
are expressed as relative displacements as follows: 

- for minima at the baseline and midline, with respect 
to the nearest left minimum at the same level. 

- for minima at the highline and lowline, with respect 
to nearest left minimum at any level (because it is 
unlikely that there will be an adjacent left minima 
at the same level in these cases). 

This helps us to distinguish between Idl and the 
combinations such as lell or UlL Figure 4 and Table 1 
illustrate this scheme. Minima 2, 6 and 18 have the 
value ‘a’ (anticlockwise) for direction while minima 10, 
14, 26 and 31 have the value ‘c’ (clockwise) for 
direction. Minima 12 and 30 have the value ‘s’ (sharp) 
for direction. Minimum 12 has been traced dn clockwise 
direction (as a loop). It could alternatively have been 
traced as a sharp turn as in the case of minimum 30. 
This would have made the curvature of minimum 12 
anticlockwise; hence, the need for classifying it as 


Table 1. Feature vectors for lal and Inl in landyl 



‘sharp’ rather than as clockwise or anticlockwise. X has 
the value ‘n’ for minimum 6 because it is very near 
to minimum 2 at the same Y level and at its left, and 
‘f for minimum 10 since it is far from its left neighbour. 
The X value helps to distinguish between lal and /m/, 
Igl and /y/, lol and /v/, etc. The X coordinates are 
expressed not as absolute values but relative to each 
other, so that they remain unchanged even after con¬ 
catenation of individual characters. 

Maxima points on the curve are labelled by the slope 
angle quantized to the following values: up, down, right 
and left. The actual thresholds used for quantization 
are: 


0±20” : right (R) 

180 ±20“ : left (L) 

90 ±70“ : up (U) 

270 ±70“ : down (D) 

All the above parameters are extracted from single 
samples of individual letters. The sequence of values 
constitute the feature vector for the character. 

The feature matrix for a word is obtained by con¬ 
catenating the feature vectors for individual characters 
forming the word in the same sequence. 

A lexicon consisting of feature matrices for all the 
words in the vocabulary is compiled from the feature 
vectors of individual characters. The test word written 
by the subject (which is to be recognized) is similarly 
analysed to yield the corresponding feature matrix. This 
is then compared with the feature matrices of all words 
in the lexicon. Recognition is accomplished on a best 
match basis, i.e. either the exact match or, failing this, 
the nearest match. 

Details of implementation 

Data acquisition and preprocessing 

Both reference and test data are collected using a 
graphics tablet connected to the serial port of an IBM- 
PC-compatible system and feature vectors are extracted 
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therefrom. Specimen samples for the 26 English lower¬ 
case letters are collected from a single subject. Feature 
vectors extracted from these letters constitute the refer¬ 
ence data for the recognition system. The writer has to 
write the input pattern on the graphics tablet using the 
digitizer pen. The tablet digitizes the handwritten pattern 
and sends a stream of X and 7 coordinates to the host 
computer through the serial port. These data are stored 
in the ASCII file format. To facilitate extraction of 
height information, it is necessary to ensure that the 
script is in a straight line and that the characters are 
of a reasonably standard size. To this end, the upper 
and lower reference lines are provided on the writing 
surface as in ruled copy books for children. The subject 
is required merely to write broadly within these lines. 
There is no need for anything like copy book precision. 

Radius of curvature extrema-the feature points on 
the curve - can be located using one of several alternative 
methods. One of the easiest ways to locate minima (and 
maxima) is by using the fact that the stylus travels fast 
and almost in a straight line near the maxima but is 
slow and almost doubles back on itself as the curve 
turns nearly 180“ around minima. The chord distance 
(not arc distance) between two sample points separated 
by constant time would, therefore, be minimum around 
minima and maximum in the neighbourhood of maxima. 
The relevant parameter values can be extracted for each 
minima and maxima and quantized easily. 

Handwritten characters are usually not vertical in their 
orientation; they tilt to a greater or lesser extent, usually 
to the right. The tilt or slant remains more or less 
invariant for each person and is one of the features 
that characterize an individual’s handwriting. It would 
seem very desirable to eliminate this slant so that we 
can deal with more standard - essentially vertical - char¬ 
acters. This can be done by means of a number of 
slant estimation and correction processes. It turns out 
that, except for extreme slants, this is not really essential, 
since our method of parameter representation and quan¬ 
tization for script characters is robust enough to tolerate 
even major slants in the writing. 

Comparison and recognition 

For recognizing the given input word, we narrow down 
the list of prospective candidates (dictionary words or 
reference patterns) on the basis of a rough match and 
perform a detailed matching only within this short list. 
The number of minima in a word is used as the criterion 
for this short-listing. All dictionary words where the 
mismatch in the number of minima exceeds 3 are 
rejected. If an exact match is found within the short 
list, recognition is successful. Failing this, the best match 
is identified from the short-listed set of words. We use 
a comparison procedure based on dynamic programming 


which permits efficient matching of feature vectors even 
in the presence of spurious minima and absence of 
genuine minima in the test pattern. The input word is 
recognized as the word in the short list which matches 
the test pattern best. Recognition fails if either the short 
list is empty or if, for all words in the short list, the 
mismatch during detailed matching turns out • to be 
excessive. 

Experimental results 

As stated before, each character is represented by a 
feature vector, a sequence of labelled minima and maxima 
points. Each minimum is characterized by (a) location 
(quantized) and (b) direction of movement (clockwise, 
anticlockwise or sharp turn) while each maxima is 
labelled with the direction of movement. Recognition 
is successful if an exact match is found within the short 
list. Failing this, the best match is selected as the 
candidate. 

Data sets were collected from 10 (male and female) 
subjects from different age groups and educational back¬ 
grounds. Each subject was asked to write the 63 words 
of the vocabulary (word length varied between 3 and 
7 characters) twice on the graphics tablet. The vocabulary 
included words such as ‘fill’ and ‘fell’ which are very 
smilar to each other. The reference character set (26 
lowercase alphabets) was taken from a different subject. 
Standard lexical entries for each word in the vocabulary 
were generated from these by appropriately concatenating 
the feature vectors of these individual letters. Recognition 
results (using this ‘common’ set of lexical entries as 
standard and the word sets written by each subject at 
the test set) are summarized in Table 2. 

Each subject was also asked to write ten sets of the 
word landl. These were pooled together and used in a 
separate recognition experiment. In this case the overall 
recognition score was 93%. Figure 5 includes some of 
the samples which were recognized correctly despite the 
significant shape deviations in many of them. This 
demonstrates the robustness of the approach followed. 


Table 2. System performance 


Subjects 

Recognition 

scores (%) 

Word set 1 

Word set 2 

Subject 1 

95 

97 

Subject 2 

97 

97 

Subject 3 

98 

98 

Subject 4 

97 

97 

Subject 5 

97 

98 

Subject 6 

97 

100 

Subject 7 

100 

100 

Subject 8 

100 

97 

Subject 9 

100 

100 

Subject 10 

100 

100 
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Figure 5. Samples of the word land/. 

Discussion and conclusions 

In this feature-based approach for script recognition, we 
introduce an appropriate empirical parametric model for 
cursive English script. The minimal set of parameters 
used permit the retention of the shapes of the script 
characters, while ignoring the context-dependent, writer- 
specific and other distortions in shape, size and slant 
of characters. Resynthesis based on extracted parameters 
was successful in recreating the shapes of connected 
words and individual characters. This demonstrates the 
validity of our approach. 

This is a knowledge-based system; knowledge about 
the task domain is contained implicitly in the set of 
parameters chosen for representation and the manner in 
which they are processed. Needless to say, any recog¬ 
nition system needs knowledge regarding the task domain 
at some stage before it can start ‘recognizing’ the input. 
Statistical systems start without any a priori knowledge. 
Consequently, such classifiers acquire this knowledge 
through elaborate training. In the case of hidden Markov 
models and neural networks, the topology chosen im¬ 
plicitly incorporates some knowledge about the task 
domain into the system. This, however, is not enough 
to dispense with the need for training. In the current 
feature-based approach, we use knowledge about the 
task domain to choose an appropriate parametric model 


which extracts and retains only the canonical or prototype 
shape information for specimen words in the lexicon 
on the one hand and for the test words on the other 
hand; in both cases, the model filters out real-life shape 
deformations as ‘noise’. This obviates the need for 
training of the type needed for statistical or neural- 
network-based approaches. Only an ‘initialization’ with 
one sample for each of the 26 lowercase script characters 
is required prior to recognition. The performance of the 
system does not degrade significantly even when the 
initialization and test samples are written by different 
subjects. The recognition scores are in the range of 
95-100%. This demonstrates the robustness of the 
approach. 

The present system is able to handle vocabulary sizes 
of the order of a few hundreds of words. Though the 
parameter set selected here is ideally suited for the 
Roman script, the underlying principle is general enough 
to adopt for script recognition in other languages, say 
Indian languages. The set of features or parameters used 
for representation might, of course, vary across languages. 
We are developing feature-based recognition systems 
for some Indian languages and preliminary results are 
encouraging. Machine recognition of Indian language 
scripts becomes a particularly attractive avenue for re¬ 
search due to the complexity of the task of adapting 
Indian scripts to the qwerty keyboard. 
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Wave-particle duality and Bohr’s 
complementarity principle in quantum 
mechanics 
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Interest in Bohr’s complementarity principle has 
recently been revived particularly because of several 
thought experiments and some actually performed 
experiments to test the validity of mutual exclusiveness 
of wave and particle properties. A critical review of 
the situation is undertaken and it is pointed out that 
the problem with mutual exclusiveness arises because 
of some vagueness in the conventional formulation. An 
attempt is made to remove this vagueness by connecting 
the origin of mutual exclusiveness to some principles 
of quantum mechanics. Accordingly, it becomes 
obvious that to contradict complementarity principle 
without contradicting quantum mechanics would be 
impossible. Some of the recent experiments are criti¬ 
cally analysed. 


In classical physics energy is transported either by 
particles or by waves, and particle and wave are the 
sole ultimate categories of physical entities. Particles 
are described by Newton’s equation of motion and a 
wave by a space-time field function which satisfies a 
differential equation - the so-called wave equation (or 
field equation), and there is no mix-up. But the classical 
‘particle’ is described in quantum mechanics (QM) by 
a field function (\j/) satisfying Schrodinger’s equation 
which has a wave-equation-like flavour. Similarly, clas¬ 
sical ‘waves’ are described by quantum field equations 
in QM which may be recast in a Schrddinger equation^ 
for the wave function of the field quanta. The basic 
difference in the mathematical description of the two 
distinct classical entities disappears and we are in for 
the typical wave-particle duality in the world of quantum 
mechanics. 

The wave-particle duality according to Feynman^ ‘con¬ 
tains the only mystery of the theory’, while Bohm^ 
considered it as one of the crucial ‘new features of 
primary significance’ introduced by the quantum theory. 
Eddington has coined the name ‘wavicle’ for micropar¬ 
ticles and the term ‘wave function’ has been chosen to 
emphasize the wave-particle duality, considered generally 
so fundamental in quantum mechanics. Wave-particle 
duality is pointed out even in a quark model based on 
finite-dimensional quantum mechanics‘s. On the other 
hand, Popper^ writes ‘... I nevertheless believe that the 
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quantum theory is in a very definite sense a particle 
theory (here I disagree with Schrodinger) and in a sense 
which excludes a duality, analogy or complementarity 
between particles and waves’. 

Notwithstanding such comments, the notion of duality 
in the physical description which grew in the years 
following Einstein’s work in 1905 continues to spur 
fresh debate in the wake of some recent experiments 
on matter-wave interferometry and quantum optics. 

Almost 20 years after the seminal work of Einstein, 
de Broglie extended the wave-particle dualism to material 
particle in 1924 and signalled the formulation of wave 
mechanics. Acknowledging the significance of the work, 
Einstein^ immediately wrote back that ‘de Broglie has 
lifted a corner of the great veil’. However, in the 
following years multiplicity of dualist interpretation led 
Bohr^ to ‘harmonize the different views, apparently so 
divergent’ and to offer a general description of ‘atomic 
phenomena’ in the framework of the complementarity 
principle. 

The recent glut of critical comments regarding the 
validity of Bohr’s complementarity principle (BCP) or, 
more precisely, the conceptual content of the wave- 
particle duality in the light of new experiments, however, 
makes it clear that much of the controversy arises 
because of the prolixity of the formulation, which con¬ 
tains some amount of vagueness (see Box 1). In January 
1949 Einstein^ complained that ‘despite much effort 
which I have expended on it, I have been unable to 
achieve the sharp formulation of Bohr’s principle of 
complementarity’ (italics ours). In our view two major 
shortcomings of the conventional formulation of BCP 
are: (1) There is no guideline to decide whether a 
suggested pair of variables/properties should be con¬ 
sidered complementary. (2) No precise quantum-mechani¬ 
cal principle is adduced from which the incompatibility 
can be derived. 

When Bohr remarked ‘... any given application of 
classical concepts precludes the simultaneous use of 
other classical concepts which in a different connection 
are equally necessary for the elucidation of the 
phenomena’^, he kept one important question unanswered. 
If an experiment is performed to measure some properties 
and use classical concepts for the elucidation of the 
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phenomenon, how do we ascertain which concepts are 
to be used and which to be precluded? This difficulty 
arises mainly because Bohr formulated the complemen¬ 
tarity principle without addressing the principles of QM. 
We can find a parallel in the principle of uncertainty. 
Heisenberg formulated it without using QM. But later 
it was demonstrated that the uncertainty principle is 
implicit in the formalism of QM. Some physicists seem 
to accept BCP as independent of QM, and its relation 
to QM remains illdefined. Any attempt to show that 
mutual exclusiveness (ME) in BCP can be violated 
without violating QM presumes the view that BCP is 
independent of QM. It is surprising that no serious 
attempt so far has been made to see if BCP can be 
formulated in a way so that it becomes completely 
consistent with the principles of QM. 

In a recent communication'® we made such an attempt 
and pointed out that both the uncertainty and the com¬ 
plementarity principles are implied within the formalism 
of QM. Also it must be clearly understood that they 


add nothing to the formalism. Instead^ they bring out 
explicitly certain features of QM not quite obvious from 
the formalism itself. In addition, they focus our attention 
on some sharply contrasting situations in classical and 
quantum mechanits and thereby help us realize their 
fundamental differences. According to Scully et al}\ 
‘complementarity distinguishes the world of quantum 
phenomena from the realm of classical physics’. 

In the quantum-mechanical description of a physical 
entity which is classically described either as a particle 
or a wave, we find that pairs of variables/properties 
exist which are mutually exclusive in the sense that a 
sharp simultaneous knowledge of both is impossible. 
Actually these are termed as complementary pairs. 

In the above statement we have made ME a de/ming.^ 
property of complementary pairs. On going through the 
writings of Bohr on BCP, it is evidently clear that ME 
is intended to be the essence of complementarity and 
we conclude that if for a system mutually exclusive 
variables do not exist, the system is a purely classical 


Box 1. 

N. Bohr on complementarity principle 

‘An adequate tool for a complementary way of 
description is offered by the quantum-mechanical 
formalism,.. it must be remembered that even 
in the indeterminacy relation we are dealing with 
an impiication of the formalism which defies un¬ 
ambiguous expression in words suited to describe 
classical physical pictures. Thus, a sentence like 
“Sve cannot know both the position and the momen¬ 
tum of an atorriic object” raises at once questions 
as to the physical reality of two such attributes 


of the object which can be answered only by 
referring to the conditions for the unambiguous 
use of space-time concepts on the one hand and 
the dynamic conservation laws on the other hand. 
While the combination of these concepts into a 
single picture of a causal chain of events is the 
essence of classical mechanics, room for 
regularities beyond the grasp of such a description, 
is just afforded by the circumstances that the 
study of the complementary phenomena demands 
mutually exclusive experimental arrangements.’ - 
Bohr, N., in Atomic Physics and Human Knowledge, 
Science Editions, New York, 1961, p. 41. 


Box 2. 

Pros and cons 

1. ‘...the development of modern physics has 
enriched our thinking by a new principle of fun¬ 
damental importance, the idea of complemen¬ 
tarity.’-Born, M., Physics in my Generation, 
Springer, New York, 1969, p. 171. 

2. ‘Complementarity denotes the logical relation, 
of quite a new type, between concepts which are 
mutually exclusive, and which, therefore, cannot 
be considered at the same time-that would lead 
to logical mistakes - but which nevertheless must 
both be used -in order to give a complete descrip¬ 
tion of the situation.’ - Rosenfeld, N., Nature, 1961, 
190, 384-388. 


3. ‘I have, for a long time, adopted the idea of 
complementarity in the realm of quantum physics, 
whilst at the same time realizing that it was 
inadequate. In recent years, I have been led to 
regard the concept of complementarity with 
increasing suspicion.’- de Broglie, L., in The Cur¬ 
rent Interpretation of Wave Mechanics, Elsevier, 

. Amsterdam,, 1964, p. 7, 

4, ‘This illogical conflation of concepts was the 
great quantum muddle which led to the emer¬ 
gence of the notorious.wave-particle duality and 
hence. the complementarity interpretation.’ - 
K. R. Popper’s view on the Copenhagen inter¬ 
pretation as presented by Jammaer, M., in The 
Philosophy of Quantum Mechanics, Wiley, New 
York, 1974, p. 448. 
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one. In every complementary pair he has discussed, 
Bohr stressed the ME aspect. But a gap was created 
when he said that wave properties are complementary 
to particle properties - it is absolutely necessary to know 
in a given experimental set-up which particle properties 
are to be regarded as complementary to which wave 
properties. Classical waves and particles have many 
common properties. As Bacry^^ puts it, ‘...,there are 
situations where the two aspects compete to interpret a 
phenomenon’. But in this respect Bohr’s specific state¬ 
ment is significant; ‘It is evident, however, that any 
concrete wave picture is as unable to account for basic 
experience regarding the individuality of the electron as 
a corpuscular picture for the superposition properties of 
radiation fields’This statement very clearly indicates 
that the complementarity Bohr meant was between 
properties of superposed and unsuperposed states and, 
as we shall see presently, these properties definitely 
satisfy ME. 

In ref. 10 we made a precise statement of BCP in the 
spirit of the statements made by Bohr and in this paper 
we intend to examine critically in the light of this precise 
statement the thought experiments or the actual experiments 
which claim to violate the Bohrian notion of ME. 

That complementary pairs of variables exist for quan¬ 
tum physical entities, no one doubts, and when we 
measure the precise position of an electron, we know 
that the concept of momentum has to be excluded. This 
knowledge comes from the principles of QM. Similarly, 
if we are doing an interference experiment, say double 
slit it is the which-state information that is complementary 
to the appearance of the interference pattern. We want 
to apply the same criterion in the so-called wave-particle 
complementarity, identifying the quantum principle res¬ 
ponsible for ME in this case. 

We can distinguish between two classes of com¬ 


plementarity on the basis of the origin of mutual exclu¬ 
siveness. These are: 

Class I: Pair of variables obtained from a Fourier 
transform of the state vector and any pair of dynamical 
variables for which the corresponding operators satisfy 
a noncommutation relation. These include pairs of canoni¬ 
cally conjugate variables. 

In this class we have the complementary pairs r, p 
and r, derived from 'F(r, t) and its Fourier transform 
0(/;, £). Also, ail pairs of noncommuting variables such 
as components of angular momentum , / ; / , , etc., 

belong to this class. Similarly, the radiation field variables 

and H, which satisfy field commutation relation, may 
serve as the complementary pair in the case of a light 
beam. Existence of more esoteric complementary pair 
of variables has also been reported from experiments 
on elementary particles’^. ME follows quite clearly from 
the general quantum-mechanical uncertainty principles 
for this class of complementary pairs’^. 

Class II: A property which depends on interference 
terms arising from the superposition of a number of 
states and the property associated with the which-state 
information form a pair of complementary properties. 

In the simplest example of the widely discussed 
double-slit experiment, one may observe class II type 
of complementarity by measurement of a single variable. 
Let the state of a beam of electrons of a definite 
momentum be given by txp{ipz/fi), the momentum p 
being along the z direction. At z = z^, a screen is placed 
with two slits whose centres are at y = i a (we take y 
along the vertical direction). On the right-hand side of 
the screen the state vector is modified to \|/ = + ij/^, 

where \|/j is the wave vector originating from the upper 
slit and Xj/^ that from the lower slit. If we place a screen 
in this region at z = we shall observe the interference 


Box 3. 

Precise statement of BCP and wave-particle 
duality according to formal quantum 
mechanics 

Existence of complementary pair of . varF 
abies/properties distinguishes the world of quantum 
phenomena from the realm of classical physics. 
Mutual exclusiveness is the defining property of 
complementary pairs. 

On the basis of the origin of mutual exclusive¬ 
ness we can distinguish between two classes of 
complementary properties. These are: 

Class I: Pair of variables obtained from a 
Fourier transform of the state vector and any pair 
of dynamical variables for which the corresponding 


operators satisfy a noncommutation relation. These 
include pairs of canonically. conjugate variables. 
For this class of complementary pairs, ME follows 
quite clearly from the general quantum-mechanical 
Indeterminacy principles. 

Class II: A property which depends on inter¬ 
ference terms arising from the superposition of a 
number of states and the property associated with 
the which-state information form a pair of com¬ 
plementary properties. Superposition of states is 
interpreted with respect to the properties which 
are measured to show the interference effect and 
give the which-state information. This should be 
considered as the precise expression for the 
wave-particle complementarity. The collapse 
hypothesis of QM ensures mutual exclusiveness 
in this type of complementarity. 
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effect. For simplicity we consider \|/j, \|/2 as functions 
of y and z alone. Thus, the probability density function 
for y as seen on the screen at is 

P( y. Z 2 ) - I V,(Zj)! ^ + 1 ViC y. ^ 2 ) I ^ 

+ Z2) + y, Z2) Vi( y, Zj) 

The last two terms here give the interference effect. 
If at we make a measurement of y, the result 

will give us the which-state information and the state 
vector will collapse to either or and the interference 
effect in p( y, Z 2 ) will disappear. Another interesting 
feature here is that or need not be eigenfunctions 
of y; only the respective dispersion in y has to be small. 

Experiments based on matter-wave interferometry’^’^ 
belong to this type. A straight edge or a single-slit 
diffraction experiment may also be included as examples 
manifesting this type of complementarity. But they seem 
to have never been discussed in connection with com¬ 
plementarity. The difficulty lies in the fact that the 
initial state vectors in this case are superposition of a 
continuous infinity of position eigenfunctions. For ex¬ 
ample, in the straight-edge case, if we put a series of 
detectors in the open part near the edge and consider 
those spots on the screen produced only when the 
detectors click, the totality of all these spots gives no 
interference effect. To obliterate the entire pattern, we 
have to put detectors over a large region near the edge. 

Both the interference terms and the which-state 
information are also obtained from measurement of some 
suitable pair of variables. Suppose the relevant observ¬ 
ables for demonstrating the interference effect is a and 
% To produce interference effect, the state vector in 
question must be a superposition of at least two eigen¬ 
vectors belonging to two distinct eigenvalues of a (say). 
Let us, therefore, take the state vector as 
\|; = la^) + la^). If we measure the expectation value 

of ^ in this state, we get 

(p) = (a^ ipi aj) + ipi a2) 

A A 

+ a\a^ (a^ Ipi oQ + (oc^ ipi a,). 

A 

The last two terms give the interference effect. If P 
commutes with a then the nondiagonal matrix elements 
vanish and there will be no interference effect. For this 
type of experiments it is necessary that ^ and a cor¬ 
respond to noncommuting variables. Instead of the ex¬ 
pectation value, a measurement of the probability dis¬ 
tribution of the results of measurement of ^ will also 
reveal the interference effect. If before measuring ^ we 
make a measurement of a and the outcome is aj (or 
a 2 ), the state vector collapses to la^) (or la 2 )). Subsequent 
measurements of (^) will give only the first two terms 
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and the interference effect will disappear, showing the 
complementarity between the interference term in {^) and 
the which-state information about the state vector. The 
ME arises here because of the collapse of the state vector 
and not because of noncommutation between oc and ^ . 

The simplest example of complementarity of this type 
is realized in spin interference experiments with neutrons. 
Let the spin wave function of the neutron beam be 
given by 

X = %^cos(0/2) e"^"^ + X- sin(0/2), 

where are the spin eigenstates of and the spin of 
the beam in the state X is polarized along 0, ^ direction. 
If we measure the expectation value of a^, we get 

(a) = sin 0 cos (|). 

This is indeed an interference effect. If we measure 
to extract the which-state information, then (c) 
becomes zero, i.e. the interference effect disappears. 

Other examples of class II type of complementarity 
can be cited from different areas of physics. In class I 
type of complementarity, the state vector is unimportant. 
It is the specific pair of variables which satisfy ME 
irrespective of the state of the system. But in class II 
type it is the structure of the state vector which is 
important. Depending upon a specific state vector, one 
can find a variable (or a pair of variables) and a 
measurement which will show interference and another 
measurement which will cause disappearance of inter¬ 
ference. The origin of ME for class II type of com¬ 
plementarity is always the quantum-mechanical principle 
of collapse of a state vector. 

So far we have discussed only the extreme situations. 
Either there is no which-state knowledge and there is 
complete interference effect or just the opposite. The 
question arises whether we can quantify the concepts 
of a degree of interference and a degree of distin- 
guishability of the states. Indeed, using projection 
(^erators it is possible to define two operators I and 
D which have these properties and whose expectation 
values satisfy a complementarity relation. 

Origin of ME in class II type of 
complementarity 

In a recent paper Uffmk and Hilgevoord^^ have made 
a quantitative analysis of class II type of complemen¬ 
tarity. They introduced a measure for the indistin- 
guishability U (0<U <l) of two quantum states in a 
given measurement and the amount of interference I 
observable in the same measurement and established an 
inequality U>I, which they regarded as a ‘quantitative 
expression of Bohr’s claim that one cannot distinguish 
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between two possible paths of a particle while main¬ 
taining an interference phenomenon’. 

In a similar way, but in still simpler terms, we can 
define I and a distingiHshability parameter D (see also 
ref. 10) with the following considerations: Consider two 
orthogonal quantum states and expressed in the 
basis I i) (set o:^eigenvectors of some quantum-mechani¬ 
cal observable ft) where some eigenvectors are common 
to both and \)/2 and others are all different: 

n 

¥, = l')+ 

I inl¬ 

and 

It 

= I/), 

1 

where I;) ^ I/) for all /s and /’s. In a given meas¬ 
urement, we can define two operators D and I cor¬ 
responding to the degree of distinguishability and the 
amount of interference, observable in the same meas¬ 
urement on a superposed state function \\f as 

A ” ” 

D = l\tr) <v|/|- ^ li) <il, /=]£ |i> I/). 

1 1 

The distinguishability parameter and the amount of 
interference observable in the same measurement can 
be obtained from the expectation values of D and / on 
the normalized superposed state: 

V = + 

where 

Xla,l^ + Ela.|2 + Zlp.|2 + £|p^2^j. 

hence, 

D = {D}= 1-i (Ia,l^) + I3,.|2). 

1 

So, D lies between 0 and 1. The zero value indicates 
complete lack of distinguishability and 1 complete dis¬ 
tinguishability. A value of 0.6 for^D signifies 60% 
distinguishability, implying that if Q. is measured N 
times in 60% cases, we shall be able to distinguish the 
state and in 40% cases we fail. 

Similarly, 

n 

/=(/) = X (la,l^ +Ip,P) 

1 

and, hence, D + I = 1. 

When Z) = l, 1=0, and vice versa; thus, D and I are 
complementary aspects. As an illustration consider the 
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case of scattering of two identical particles (i.e. indis¬ 
tinguishable and D = 0y, here interference of amplitude 
in the differential scattering cross-section is observed 
(/= 1). But for two distinguishable particles, no inter¬ 
ference effect is observed. However, in the case of a 
double-slit experiment D = 1 does not necessarily mean 
that we have the which-slit information unless we make 
a measurement. £> = 1 means that we have, in principle, 
a 100% efficient which-slit detector for the particular 
experiment. 

We also note that the commutation relation satisfied 
by the two operators D and I is 

A A ^ ^ 

[D,I] = [l\j/) (\j/| ^ \i) (i\- ^ ii) (/I |x||) (v,,!] 

n 1 1 

= X [(«; + p,*) lv> < '■ I - (a, + P,) I 0 (VI ] 

1 

=> (\|/l [D, 7] l\|/) = 0. 

So the commutation relation does not lead to any 
uncertainty type of relation between AD and A/, repre¬ 
senting the corresponding dispersions. 

In all so-called wave~particle complementary experi¬ 
ments involving one particle at a time, time is an 
important parameter. We can introduce time in the above 
analysis and discuss the possibility whether we can have 
at t = 0, D = 1 and 7 = 0 and at a subsequent instant in 
the interference zone D = 0 and 7 9^0. A double-slit 
experiment closely resembles this situation. The essence 
of wave-particle complementarity problem is whether 
we can make a which-state measurement at r = 0 (or in 
the noninterfering region in the vicinity of the slits) 
and still get interference at a subsequent instant of time 
f? This is ruled out in quantum mechanics because of 
the collapse hypothesis. ^ ^ 

Here we note that the operators D and 7 are state- 
dependent and the quantification of the qualitative proper¬ 
ties of distinguishability and interference phenomenon 
is brought by D + 7=l. In complementarity phenomena 
the extremes, i.e. Z) = l, 7 = 0 or D = 0, 7=1 are con¬ 
sidered. But here the whole range is included. From 
the foregoing discussions it is clear that class II com¬ 
plementarity is consistent with the principles of QM. 
ME follows from collapse hypothesis of QM and in 
that sense we may say that class II BCP is derived 
from QM. 

With this formulation we conclude that any experiment 
which claims to violate ME in wave—particle complemen¬ 
tarity will imply some limitations of the quantum- 
mechanical formalism itself. This we believe is in true 
spirit of Bohr’s original ideas. 

In the following section we discuss some significant 
experiments on wave-particle duality in the light of the 
present formulation. All these experiments may be broadly 
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classified into three classes. The first group of experi¬ 
ments^’^ are claimed to provide experimental 
evidence in favour of ME in wave-particle duality. In 
a rather novel thought experiment suggested by Scully 
etaOK the incompatibility between ‘welcher weg’ (which 
path) knowledge and the appearance of interference 
cannot be traced to any uncertainty relation. On the 
other hand, certain ‘welcher weg’ experiments^°~^^ which 
made joint unsharp measurements of complementary 
observables have been used to argue that they yield 
‘partial particle’ and ‘partial wave’ information and are, 
therefore, in conflict with the Bohrian notion of ME. 

Recently, Petroni and Vigier^^ and Ghose et alP 
have proposed experiments to demonstrate that a 
quantum-mechanical entity may display its particle 
and wave aspects at the same time, thereby con¬ 
tradicting the principle of complementarity. In what 
follows the significance and import of these experi¬ 
ments are analysed in the light of the precise state¬ 
ment of BCP. 

Discussion of some experiments 

We now take a brief look at the well-known thought 
experiments on wave-particle duality. In the archetypal 
example of the recoiling-slit arrangement Einstein hoped 
to devise a gedanken experiment to provide the which- 
path information without destroying the interference pat¬ 
tern of the photons; Bohr’® pointed out that we must 
also treat the recoiling slits by the laws of QM. Following 
the arguments of Feynman^, we note that in order to 
observe the interference pattern, the slits must be loca¬ 
lized with an accuracy of the order of the slit width 
and the corresponding uncertainty in the slit momentum 
is always much greater than the momentum transfer in 
the scattering process. Consequently, the which-path 
information is not available when the photons do produce 
interference pattern. The entire analysis here envisages 
a classical particle-like passage of the photons (even 
when they do interfere!) through the double slit, while 
a correct quantum-mechanical explanation should be 
obtained in terms of the quantum-mechanical field func¬ 
tion satisfying appropriate boundary condition at the 
slits - the concept of momentum transfer being out of 
place’^. However, in the similar example of double-slit 
interference experiment with electrons, when Feynman 
intends to ‘watch’ the electron using scattered photon 
to do the spying, the interference pattern gets washed 
out, and Feynman’s analysis invoking the uncertainty 
principle for the scattering process in this case may be 
regarded as an intuitive description not quite consistent 
with the formalism of QM’^. 

In the interference region, the wave function describing 
the interfering beams may be written as the sum of 
two terms referring to the two slits: 
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The corresponding probability density at r = R on the 
screen, denoted by P(R), will be given by the squared 
modulus of 'F(/?) and contains the interference term 
represented by 'F* ^^2 Now, if we consider two 

detectors 1 and 2 in the vicinity of the two slits, either 
making transition from ground state g to an excited 
state e induced by the passage of the interfering quantum 
object, the state of the beam plus the detector system 
(after entanglement) may be given by 

'F(r) = [^,(r) \l2^) + ^,(r) 11^2^)]. 

For nonorthogonal detector states, partial or complete 
interference phenomenon is observed and no which-state 
information is available. In some special cases, as for 
detectors having coherent-state-like energy spectrum, one 
can have the so-called ‘ein weg’ (one way) knowledge, 
as claimed by Petroni and Vigier^^. But if the detector 
states are orthogonal, the entanglement with the detector 
states results in a loss of coherence in interferometer 
and we get no interference. However, from an appropriate 
choice of the detector basis, as in the case of Scully 
et a/.’s’^ micromaser detector, possibility of quantum 
erasers appears naturally^^^ and the interference pattern 
can be retrieved. On the other hand, from a subsequent 
measurement on the detector state (with the aid of an 
atomic reader as in Scully’s example) the superposed 
state gets collapsed and we get the which-state infor¬ 
mation. 

The experiment of Petroni and Vigier 

In the proposed neutron interferometry experiment’®’^^ a 
pulsed neutron beam polarized vertically with respect 
to the apparatbs is incident on a perfect crystal inter¬ 
ferometer. At any instant, there is at most one neutron 
inside the interferometer. The beams from the beam 
splitter together with the coil states, described by the 
wave function 

^(r) = Vi^,(r)^Wfr)] I,) o iqC 2 ), 

are then made to pass through two radio-frequency (rf) 
spin flip coils, one in each arm, and are superposed 
beyond the final set of crystal planes. 

The wave function of the emerging beams from the 
coils is given by^^ 

'P(r) = ['F.W IC; C,) + ‘P,(r) \C,Cf,)] 1^) 

and retains the coherent superposition as the coil states 
(denoted by the C’s) are nonorthogonal. The final beam 
thus produces an interference in the measured intensity. 
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There are no resonant frequencies provided by the rf 
field which correspond to half the energy of spin flip. 
If we assume that energy and momentum are conserved 
in each energy exchange, it implies that a spin flip 
occurs in either of the coils and not in both. It is also 
possible to obtain interference in the intensity of the 
detected neutrons in the same experimental set-up. How¬ 
ever, as pointed out by Scully and Walther^^ and also 
by UnnerstalF^, the rf coils generate coherent states of 
photons and the passage of neutron through the coil 
cannot leave the which-path information in the coil 
since the coherent photon distribution remains essentially 
unchanged by the addition of a single photon associated 
with spin flip. After the passage of a large number of 
neutrons, the energy transferred to each coil is summed 
up to an amount that is detectable, and one can tell 
that out of N neutrons involved in the experiment, n 
(say) neutrons have exchanged energy with coil I and 
the rest N-n with coil 11. This is precisely what Petroni 
and Vigier^^ claimed as ‘ein weg’ information. It seems 
legitimate to realist physicists to infer that each neutron 
followed a particular trajectory or the other through the 
rf coils, leaving the so-called ‘ein weg’ information in 
the process. But this extrapolation is, however, not 
endorsed by quantum orthodoxy^^ ‘Ein weg’ experiment 
does not contradict BCP. The only problem it creates 
is how one would accommodate the ‘ein weg' information 
within the framework of the orthodox interpretation of 
QM. 

Experiment of Ghose et al}^ 

Ghose et have proposed an experiment in which 
single-photon states are incident on a combination of 
two prisms placed opposite to each other. Mizobuchi 
and Ohtake^^ have performed the actual experiment and 
verified the quantum-optical predictions outlined in the 
former paper. When the gaps between the prisms is 
larger than the wavelength, the incident ‘photon states’ 
suffer total internal reflection inside the first prism 
(registered by counter 1). When the gap is shorter than 
the wavelength, there is a possibility of their ‘tunnelling’ 
across the gap (registered by counter 2). 

Since they consider the presence of ‘tunnelling’ to 
be accounted for by assigning a wave aspect to the 
photon, the perfect anticoincidence in the clicking of 
the two counters led them to claim that the ‘experimental 
result contradicts the tenet of mutual exclusiveness of 
the classical wave and particle pictures assumed in 
Bohr’s complementarity principle’. 

We^^ have adopted the viewpoint of Grangier et al}"^ 
and consider anticoincidence as a signature of particle 
property. However, the anticoincidence observed in two 
detectors in a single-photon field has a totally different 
explanation in quantum field theory*^ devoid of the 
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photon particle picture, a photon being just an excitation 
of a mode. 

On the other hand, the so-called ‘tunnelling’ cannot 
be accepted as a hallmark of wave property. In that 
case we should consider the tunnelling of a-particle 
through atomic nucleus as a violation of ME in wave- 
particle dualism. Furthermore, while Ghose et al. consider 
the existence of evanescent waves leading to transmission 
of light at the critical angle as a specific wave property, 
Chiao et alP described the phenomenon of ‘frustrated 
total internal reflection’ of the purely nonclassical single¬ 
photon state exploiting an analogy with particle (quan¬ 
tum) tunnelling through the classically forbidden region. 
They have also proposed an experiment to measure the 
photon tunnelling time using the ‘particle aspect’ of 
photon tunnelling. 

According to Chiao et al?^, there exists a classical 
limit associated with coherent states of the electromag¬ 
netic field in which the tunnelling phenomenon can be 
understood entirely as a classical wave phenomenon. 
The two arguments are, therefore, irreducible. However, 
it seems that tunnelling can be interpreted both as a 
particle and a wave property. 

If we accept the interpretations of Grangier et al}'^ 
and Ghose et alP of wave-particle duality in BCP then 
Mizobuchi and Ohtake’s experiments^ definitely con¬ 
tradicts ME. Similarly, a measurement of photon velocity 
on refraction in a denser medium coupled with anticoin¬ 
cidence will also violate ME. Again, since the probability 
of joint detection of more than one photon is exactly 
zero for an ‘ideal single-photon’ state, should we claim 
that both ‘particle’ and ‘wave’ appear in the single run 
of an interference experiment with ‘ideal single-photon’ 
states? One can multiply this sort of examples indefi- 
nitely^^l On this point it is also important to note that 
photon enters the theory as a secondary quantity — an 
elementary excitation of the field. The concept of photon 
does not presuppose that the quantum of field energy 
is concentrated at a point in space, i.e. that the photon 
is a localized entity analogous to a very small bullet. 
The photon is only approximately localizable and the 
wave function in coordinate space is nonlocaf. We may 
also recall that Einstein always stressed the provisional 
nature of the light quantum postulate. In December 
1951, he wrote to his friend Besso: ‘All these fifty 
years of pondering have not brought me any closer to 
answering the question “What are light quanta?”. 
Nowadays, every Tom, Dick and Harry thinks he knows 
it, but he is mistaken’^^ Pushing the classical analogy 
too far in the photon picture may, therefore, lead to 
contradictions. 

Some physicists are, in effect, asserting that any 
property for which a standard classical corpuscular theory 
does not exist is a wave property and vice versa. This 
rather simplistic interpretation of Bohr’s idea is un- 
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tenable, for a ‘particle’ is not always a classical particle 
(when it tunnels!) and similarly a ‘wave/field’ may have 
nonclassical features. In fact, the use of the term wave- 
particle duality is at the root of much confusion and 
QM does not guarantee the claim of complementarity 
between arbitrarily defined wave and particle properties. 

In this experiment the pair of properties involves no 
superposed state and hence no interference effect is 
there. Therefore, it belongs neither to class I nor to 
class II types of BCP. We conclude that this experiment 
is not suited to test BCP in its precise version. 

The unsharp joint measurements^”"^^ which claim to 
observe both interference and the path of the particle 
do not really fall within the compass of BCP. Bohr 
himself in the Como lecture discussed the wave packet 
description of a particle (where approximate knowledge 
of both momentum and position exists) as an illustration 
of the complementarity principle, implying that unsharp 
knowledge of conjugate variables does not violate BCP. 
Both class I and class II types of BCP imply sharp 
measurement. 

Finally, let us summarize the situation. If we interpret 
the wave-particle duality aspect of BCP as a principle 
independent of the formalism of QM, then mutual ex¬ 
clusiveness becomes a doubtful proposition. In the quan¬ 
tum region we have neither a true classical particle nor 
a true classical wave. In some experiments, for some 
limiting value of a parameter, results can be interpreted 
as those of a classical particle and in the other limit 
as those of a classical wave. Naturally, for any inter¬ 
mediate value of the parameter, this type of exclusive 
interpretation would be impossible. Moreover, to try to 
designate an entity as either a particle or a wave by 
measuring a single property is not a very satisfactory 
and unambiguous procedure. A classical particle or a 
wave is defined by a totality of many properties. 

On the other hand, we can look at BCP as focusing 
our attention on an important and characteristic feature 
of QM that every physical entity has a number of pairs 
of mutually exclusive variables/properties which is un¬ 
known in classical physics. Then ME becomes a defining 
feature of BCP. Selection of pairs of such vari¬ 
ables/properties has to be made consistently with QM. 
This is really possible, as has been shown in this paper. 
With this modified formulation, BCP becomes consistent 
with QM and violation of BCP without violating QM 
becomes impossible. 
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The occurrence of 5 -> 1 type of hydrogen bonds 
(a-turn) in proteins has been studied using a data set 
comprising of 107 proteins with resolution < 2.0 A. 
A very large majority of such a-turn segments (96%) 
form part of regular a-helices. The examples (84) which 
do not form part of an a-helix are termed ‘isolated 
a-turns’ and are grouped into two major families and 
seven minor groups along with two isolated examples 
based on the similarity of conformational angles. The 
family with large number of examples (50) have 
(<[), \|r) angles close to an a-helix and hence belong to 
the class of the shortest a-helices. The ‘end to end’ 
distances of these a-turns vary between 4.7 and 6.7 A, 
the range being nearly the same as that of a-helices. 
The propensity calculations show that some amino 
acids such as Glu, Ser and Thr have statistically 
significant higher preferences to occur in a-turns than 
in a-helices. In addition to the 5 —> 1 type, the residues 
in the a-turn are involved in hydrogen bonds with 
other parts of the chain. The residues are in general 
more hydrophilic compared to those in a-helices. In 
many cases (70%) the a-turn occurs at the ends of 
extended strands, and whenever it occurs at the loop 
regions connecting two extended strands, it brings 
about a hairpin bend. 


Polypeptide chain reversal is an essential feature in 
bringing about the globular shape of proteins. Turns are 
also associated with various aspects of protein function*"^. 
The direction of the main chain can be reversed by 
characteristic conformations at a single amino acid 
residue (y-turns"^’^) or at two residues ((3-turns^’^’^) or by 
longer loops^“‘^\ Both y- and P-turns are locally stabilized 
by hydrogen bonds in the main chain. The 3 1 

hydrogen bond in the y-turn is formed between carboxyl 
oxygen at position i and amide at position / + 2, with 
the turn forming residue at the position i+l. Most 
P-turn types are stabilized by a 4 —> 1 hydrogen bond 
between carbonyl oxygen at position i and amide at 
position z + 3. 

These two kinds of turns occur frequently in globular 
proteins, with p-turn being one of the more common 
substructures^In this communication, attention is 
drawn to ‘three-residue segments’ locally stabilized by 
a 5 1 hydrogen bond between carbonyl oxygen at 

position i and amide at position / + 4, reversing the 


^For correspondence. 


course of the polypeptide direction. The analysis of a 
large number of known three-dimensional structures of 
proteins reveals that such a local chain reversal is a 
common occurrence. This class of turns is referred to 
as a-turns since the hydrogen bonding pattern is the 
same as in the a-helix. A schematic diagram of an 
a-turn is shown in Figure 1. The present analysis shows 
that a-turns can have different characteristic main chain 
conformational angles and amino acid preferences. They 
connect regular secondary structures and quite often act 
as linkers of two p-strands. 

Materials and methods 

Data set used 

The data set used in the present study consists of a set 
of 107 proteins whose coordinates are available in 
Protein Data Bank^^’*^. The choice of the set has been 
guided by the condition that their resolution is 2 A or 
better, and the cut-off percentage of the sequence homo¬ 
logy between any two proteins in the set is not more 
than 40. Also in the case of proteins having multiple 
chains with the same sequence, only one chain has been 
considered. 

Identification of (X-turns in proteins 

Since the 5 —> 1 hydrogen bond is the crux of the 



Figure 1. Schematic diagram of an a-turn, occurring in a system of 
four linked peptide units. The designations of atoms and torsion angles 
involved are also marked. 
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a-turn, the proteins are examined to find out all tetrapep- 
tide segments which have this hydrogen bond. The 
hydrogen bond criteria used for this purpose is as 
follows. 

The hydrogen bond length I (N.. O distance) must 
lie in the range 2.6-3.6 A and the hydrogen bond angle 
6 (H-JV. . 0) should be less than or equal to 40“. (The 
criteria used here are slightly relaxed compared to those 
that have been normally used in other conformational 
studies. For example, in small molecules, where the 
crystal structures are accurately determined, the hydrogen 
bond length is in the range 2.6-3.2 A and hydrogen 
bond angle is usually less than 30“ (ref. 17)). The reason 
for relaxing the criteria is the lesser accuracy in protein 
structure determination as well as the lack of information 
on the positional coordinates of hydrogen atoms.) 

As the hydrogen positions are not available in the 
coordinate data of Protein Data Bank (PDB) (with few 
exceptions, however), the H~bond angle 0 could not be 
readily evaluated. For this purpose, the positional coor¬ 
dinates of the amide hydrogens have been computed by 
geometrically fixing the hydrogen atoms at the cor¬ 
responding nitrogen atoms in the plane of the peptide 
unit using the ideal bond angles around the nitrogen 
atom^l 

Results and discussion 

Using the H-bond criteria mentioned above, it has been 
possible to identify 2525 tetrapeptide segments in the 
proteins which have 5-^1 hydrogen bonds. These 
examples obviously include those segments which are 
part of a-helices, since an a-helix is a succession of 
5 —> 1 hydrogen-bonded segments. The removal of the 
segments that are part of an a-helix has been done by 
a combination of ((j), 'V}/) criteria and by inspection. The 
conformations at ((j), \|/) at the five a-carbon atoms are 
designated as R or X, whether or not it lies in the 
range -130 to 0“ for (j) and - 130 to 30“ for \|/. If 
there are four successive R’s (i.e. the designations at 
the four a-carbon atoms i, /+1, f + 2 and / + 3 or at 
i+l, i + 2, i + 3 and £ + 4 are R’s) then it is treated as 
forming a part of a-helix. The examples which still 
remain are further examined by inspection to remove 
any possible borderline cases. On removing those 
examples which form part of an a-helix, there were 84 
examples which remained, and these can be considered 
as isolated a-turns. (The corresponding numbers of 
examples for (3- and y-turns are 383 and 210, respec¬ 
tively). The PDB codes of the proteins and the segments 
in which these a-turns occur are listed in Table 1 a. These 
examples occur in 51 of 107 proteins of the total set. 
The number of examples of these a-tums in a- protein 
varies from one to four except in the protein phosphate 
dehydrogenase (Igdl), where there are five examples. 


Table la. a-Tum segments and the residues in them occur¬ 
ring in the data set used, grouped into different families and 
groups.The number of examples in each family/group is 
given within parentheses 


PDB 


code 

Segment 


Residues 



Family FI (50) 







laap 

A24-28 

D 

V 

T 

E 

G 

lacx 

82-86 

D 

C 

A 

T 

D 

lak3 

A149-153 

D 

D 

L 

T 

G 

Icox 

391-395 

N 

A 

G 

S 

G 

Idrf 

152-156 

D 

L 

E 

K 

Y 

leca 

38-42 

F 

T 

Q 

F 

A 

Igdl 

047-51 

D 

S 

V 

H 

G 

Igdl 

0138-141 

D 

P 

K 

A 

H 

Igox 

345-349 

S 

L 

K 

E 

I 

Imba 

43-47 

F 

A 

D 

F 

K 

lomd 

2-6 

I 

T 

D 

I 

L 

lova 

A277-281 

S 

S 

N 

V 

M 

lova 

A318-322 

L 

S 

G 

I 

S 

Irdg 

6-10 

C 

T 

V 

C 

G 

Irdg 

14-18 

D 

P 

A 

K 

G 

Irdg 

39-43 

C 

P 

V 

C 

G 

lsn3 

7-11 

K 

K 

S 

D 

G 

lsn3 

31-35 

A 

K 

N 

Q 

G 

Ithb 

A113-117 

L 

P 

A 

E 

F 

2act 

85-89 

T 

E 

E 

N 

Y 

2alp 

140-156 

G 

R 

T 

T 

G 

2aza 

A40-44 

A 

K 

S 

A 

M 

2ca2 

34-38 

D 

T 

H 

T 

A 

2cpp 

77-81 

D 

Y 

R 

H 

F 

2cpp 

328-332 

N 

E 

R 

E 

N 

2csc 

59-63 

D 

P 

D 

E 

G 

2cyp 

58-62 

D 

K 

H 

D 

N 

2er7 

E240-244 

S 

S 

S 

V 

G 

2fcr 

94-98 

D 

A 

E 

G 

Y 

2fcr 

148-152 

D 

M 

V 

N 

D 

21tn 

A54-58 

D 

R 

E 

T 

G 

21tn 

A125-129 

N 

A 

A 

W 

D 

21tn 

A167-171 

N 

A 

A 

T 

N 

2rhe 

93-97 

N 

D 

S 

L 

D 

2rsp 

A46-50 

S 

E 

E 

D 

W 

2sga 

140-156 

G 

S 

T 

T 

G 

2sga 

219-223 

N 

C 

R 

T 

G 

2trx 

A59-63 

N 

I 

D 

Q 

N 

3blm 

50-54 

D 

T 

K 

S 

G 

3cla 

97-101 

H 

Q 

E 

T 

E 

3cla 

194-198 

H 

H 

A 

V 

C 

3fgf 

67-71 

G 

V 

C 

A 

N 

3grs 

164-168 

H 

E 

S 

Q 

I 

4cha 

A95-99 

N 

S 

L 

T 

I 

4enl 

102-106 

K 

S 

K 

L 

G 

4fdl 

35-39 

H 

P 

D 

E 

C 

5cpa 

3-7 

S 

T 

N 

T 

F 

5cpa 

29-33 

H 

P 

E 

L 

V 

5p21 

145-149 

S 

A 

K 

T 

R 

61dh 

181-185 

H 

S 

C 

S 

C 

Family F2 (9) 







lak3 

A137-141 

N 

I 

E 

F 

N 

Icox 

453-457 

L 

L 

N 

S 

A 

Ifkf 

87-91 

H 

P 

G 

I 

I 

Igdl 

0129-133 

V 

M 

G 

V 

N 

Igdl 

0267-271 

L 

K 

G 

I 

L 

2tec 

E261-265 

G 

T 

G 

T 

Y 

2trx 

A49-53 

Y 

Q 

G 

K 

L 

4fdl 

8-12 

C 

I 

K 

C 

K 

5cpa 

89-93 

N 

Y 

G 

Q 

N 

Group gl (5) 







Igcr 

47-51 

R 

P 

N 

Y 

Q 
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Table la (contd.) 


PDB 

code 

Segment 


Residues 


Igcr 

136-140 

M 

P 

S 

Y 

R 

2cyp 

35-39 

E 

Y 

D 

N 

Y 

2fbj 

L48-52 

Y 

E 

I 

S 

K 

2prk 

212-216 

W 

I 

G 

G 

S 

Group g2 (2) 

2fbj 

HlOO-104 

H 

Y 

Y 

G 

Y 

2rhe 

50-54 

Y 

Y 

N 

D 

L 

Group g3 (4) 

Ifkf 

82-86 

Y 

G 

A 

T 

G 

lova 

A69-73 

K 

D 

S 

T 

R 

3grs 

55-59 

G 

G 

T 

C 

V 

4bp2 

25-29 

Y 

G 

C 

Y 

c 

Group g4 (4) 

2act 

188-192 

W 

G 

E 

E 

G 

21zm 

27-31 

I 

G 

I 

G 

H 

3apr 

El 1-15 

Y 

G 

N 

D 

I 

4fxn 

56-60 

M 

G 

D 

E 

V 

Group g5 (3) 

Ifxl 

71-75 

F 

I 

P 

L 

F 

lypi 

A25-29 

E 

R 

L 

N 

T 

4fxn 

40-44 

I 

D 

E 

L 

L 

Group g6 (3) 

Igdl 

0300-304 

I 

D 

G 

K 

M 

21tn 

AlOO-104 

Y 

L 

G 

V 

F 

4pep 

9-13 

Y 

L 

D 

T 

E 

Group g7 (2) 

lak3 

A129-133 

H 

P 

G 

S 

G 

Ifxl 

72-76 

I 

P 

L 

F 

D 

Isolated examples 

Irbp 63-67 

L 

L 

N 

N 

W 

2fbj 

L166-170 

D 

S 

K 

D 

S 


In those proteins which contain two or more examples, 
the segments are well separated from one another. The 
two examples occurring in protein flavodoxin (Ifxl) are 
somewhat unique in that the two a-turn segments 71-75 
and 72-76 overlap, resulting in a longer segment 71-76. 
The individual segments are, however, conformationally 
different and the full segment 71-76 is not a-helical. 

For those segments that have been picked up as 
a-turns, the ((j), \|/) angles at the three intervening a- 
carbon atoms C“ and CJ have been computed and 
analysed. 

Conformational analysis 

The ((|), v) angles at each of the three C“ atoms have 
been plotted on the plane and these are shown 

in Figure 2 a-c corresponding to C“, C“ and C“ respec¬ 
tively. These plots are first analysed independently and 
then used collectively to arrive at families of a-turns. 

In Figure 2 a, which corresponds to the conformation 
at C 2 , four groups of points are plainly seen, one of 
them being a dense cluster having a very large number 
of examples near the right-handed a-helical region desig¬ 
nated as a^. Of the remaining three clusters, one which 
occurs in the left-handed a-helical region is designated 
as a^. The third, having few examples, occurs near the 
extended conformational region and has been designated 
as E. The fourth cluster which has eight examples occurs 
in a region that can be considered as inverse to the 
cluster E and has been denoted as E^. (Seven out of 
these eight examples are Gly and the odd member out 
is the residue Asp, A70 in the protein ovalbumin^^ 


Table lb. Average ((j), \j/) values (rounded off to the nearest 5“) at the three interven¬ 
ing a-carbon atoms of the a-turn segment along with their designations 


Average ((|), y) at 
Family/ —— 

group q q 


Designation* 


FI 

F2 

gl 

g2 

g3 

g4 

g5 

g6 

g7 

# 

# 


(-65. -25) 

(-75, -35) 

(-60, 130) 

(75, 0) 

(-65. 155) 

(70. 30) 

(0, 95) 

(70, -15) 

(60, -145) 

(-75. -25) 

(60, - 140) 

{- 95, 75) 

(-50. -60) 

(-70, 105) 

(50, 30) 

(60, 10) 

(-65, 110) 

(150, - 60) 

(-50, -40) 

(-60, - 15) 

(-105, 45) 

(-130, -40) 


(-100, -20) 

Ctg 

(-115, -50) 

E-Ol-OCr 

(60, 40) 


(-40. 25) 

Ol —X-otu 

(-80, -40) 

E'-OR-otR 

(60, 40) 

E'-P-a, 

(120, - 50) 

ov-P-X 

(-120, -30) 


(- 80, - 30) 

^X-o^ 

(80, 45) 

«r-«r-«l 

(-100, -30) 



*For the location of regions a^, E, E'. B, P, and X see Figure 2. 
# - Isolated examples. 
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Figure 2. The ({|), \}/) plot of the conformational points at the three 
a-carbon atoms in the examples of isolated a-turns: a, at C^; b, at 
c, at CJ. The clusters in each of the plots are also marked, with 
their designations indicated. 

(lova)). In addition to this, there is a solitary example 
at (~ 106“, 46“) (referred to as B, as this occurs in the 
bridge region of ((1)“V|/) map^^’). Thus, the distribution 


at 0 “ points to the possibility of at least four major 
families. 

Figure lb, which corresponds to the ((t)-\(/) distribu¬ 
tion at C 3 , shows three prominent clusters. The one 
which lies in the oCj^ region comprises a majority of the 
points. The other two clusters are slightly more scattered 
as compared to the region. One of these occurs in 
the right half of the map spanning across the (|)-axis. 
This is denoted as cx^. The third one occurs in the left 
top quadrant of the map, in which the extended con¬ 
formations normally occur. But five of the seven points 
are clustered closer to the poly proline region of the 
map (-60“, 120“) than the ’V|/=180“ axis. Hence, we 
have preferred to use the symbol P rather than E to 
denote this cluster (see Figure 2 a). In addition to these, 
there are two isolated points occurring near the right 
edge of the map which are designated as X. 

Figure 2 c, which shows the distribution of ((|), ij/) 
at C“ has two clusters, a major one in oCj^ and a minor 
one in 0 Cj_^ region. In addition to these there are three 
isolated points (X) occurring in the right bottom quadrant 
of the map. It may be worthwhile to note that, there 
are no points in the ‘extended’ region of the map as 
contrasted with Figure 2 a and b. 


Classification into families 

As the formation of 5 1 hydrogen depends on the 

combined set of ((j), \|/) values at the three a-carbon 
atoms in a collective way, the examples have been 
carefully looked into and grouped into different families 
such that members of the same family have nearly the 
same combination of (cjy^, V/ 2 ), (< 1 ) 3 , Vs)’ ¥ 4 )- This 
exercise has revealed that a large fraction of examples 
(60%) form one major family (designated as FI). The 
other families contain relatively small number of 
examples. The family which has the next highest number 
(9 examples) is designated as F2. Apart from these, 
seven more groups can be identified, having 2-5 
examples. In view of the small number of examples, 
these will be referred to as groups gl-g7. In addition, 
there are two isolated examples. The details pertaining 
to the members in various families and groups are given 
in Table 1 a. The ((j), y) plots are shown in Figure 3 
a-k and the average (([), y) values at C" and C" 
for each category are given in Table 1 b. 

The family FI, which has a bulk of examples, is 
characterized by conformations at all the three carbon 
atoms C“, C 3 and C“. Thus, this family, which can be 
designated as ‘a-helical a-turn’ represents the shortest 
helix that can possibly occur. The (([), y) values at the 
two a-carbon atoms immediately preceding and suc¬ 
ceeding the turn, i.e. at and C" are shown in Figures 
4 a and Z? (absence of points in the region in this 
figure confirms the isolated nature of the a-turn in these 


CURRENT SCIENCE, VOL. 69, NO. 5, 10 SEPTEMBER 1995 


437 

















Figure 3g-^. 

Figure 3. a-k. The plot of ((|), \j/) at the three a-carbon atoms in the a-tums in proteins grouped into different categories, based on conformational similarity. The conformational points 
corresponding to C?, C? and C? are marked as 2, 3 and 4, respectively. The designation of each category is also marked. 









RESEARCH ARTICLE 


180 


^ lil 

11 l\li 

1 

\l 1 / 

\ 1 y 

UJ 

l\ 

1 


-0- 

t 


-180 


180 



Figure 4. Plot of the (([), \\f) values at the two a-carbon atoms immediately preceding and succeeding the a-turn in the examples of family 
FI. The clustering is also marked: a, at C“; b, at C“ 


examples). It is very interesting to note that all the 
points except one in Figure 4 a, occur in the same 
quadrant of the ((]), \|/) plane, with a cluster near the 
extended conformation. There are two major and one 
minor clusters observable in Figure 4 h. One of the two 
major clusters occurs close to the extended region and 
the other in the region. The minor cluster occurs in 
the inverse extended region (similar to the one designated 
as E' in Figure 2 a and all these are glycyl residues). 
Thus, it is possible to have three motifs (while the term 
family is used to denote the segment with similar values 
at (((), \|/) C 2 , C 3 and C“, the term motif is used to 
denote the segment with similar ((j), \j/) values at all the 
five positions C“ to C“) for this family, which can be 
represented by (p-a^-a^^a^^-p), 
a^), (p-aj^-aj^-oCj^-E'), and the isolated example, 
which occurs in the protein enolase^^ (segment 102-106) 
can be designated as - - - 

The next largest family F2 has only 1 1 examples and 
is formed by conformational combination of E, and 
This and other groups show that different combina¬ 
tions of ((j), \|/) at the three a-carbon atoms do occur 
in proteins, resulting in the formation of 5-^1 
hydrogen bonds to stabilize the local nonhelical 
regions. The designations of the families/groups are 
given in Table 1 b. Stereo diagrams of one repre¬ 
sentative example from each of the families FI, F2, 
groups gl-g7 and the two isolated examples are shown 
in Figure 5 a-k. 

In the sections that follow, the different characteristics 
and features of a-turns are examined in detail. 
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End-to-end distances 

The end-to-end distance (€“-€“) in the examples of 
a-turns varies between 4.7 and 6.7 A. The distribution 
among the various families/groups in the different ranges 
is given in Table 2. (There are two examples of a-turns 
occurring in the protein 2 cyp““ (segment 35-39 belonging 
to FI) and in the protein Igox^^ (segment 345-349 
belonging to gl), which have end-to-end distances lying 
outside^ this range of 4.7-6.7 A. The end-to-end distance 
is 4.2 A in the former and 7.0 A in the latter.) 

The major family FI has examples throughout the 
range, indicating flexibility in the chain segment. Groups 
g2, g3, g4 and g 6 have smaller ranges of end-to-end 
distances (< 5.7 A) and these groups have served the 
purpose of bringing the two ends of the segments much 
closer. On the other hand, the three members of group 
g5 are characterized by distances in the higher end of 
the spectrum (5.7-6.7 A). It is worthwhile to mention 
that the computation of the corresponding distance in 
the various a-helical segments occurring in the data set 
shows that 92% of the examples lie in the range 4.0— 
7.0 A (the ideal value for a-helix being 6.2 A). 

Propensity of amino acids to occur in d-helical 
QL-turn 

As mentioned earlier, the family FI, which contains 
a-helical a-turns, comprises a majority of examples. 
Since this is the shortest helix that can be formed, it 
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Figure 5. t 
the a-tum i 





iso2 


1 k, ORTEP stereo diagrams of one representative example from different categories of a-tums. The 5 —> 1 hydrogen bond characterizing 
s shown as dotted lines and the category is marked. The diagrams have been taken using a version of ORTEP modified to suit PC. 
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Table 2. Distribution of end-to-end distances (C“-Cp in the 
examples of a-tums in different ranges 


Family 


Range (A) 


Total 

4.7-5.2 

5.2-5.7 

S.l-6.1 

6.2-7.0 

FI 

10 

15 

16 

8 

49 

F2 

2 

6 

1 

— 

9 

gl 

4 

— 

— 

— 

4 

g2 

1 

1 

— 

— 

2 

g3 

4 

— 

— 

— 

4 

g4 

1 

3 

— 

— 

4 

g5 

— 

— 

1 

2 

3 

g6 

2 

1 

— 

— 

3 

g7 

__ 

1 

1 

— 

2 

# 

1 

— 

— 

— 

1 

# 

1 

— 

— 

— 

1 

Total 

26 

27 

19 

10 

82 


#-Isolated examples. 


may be interesting to compare propensity values of 
amino acids involved in such turns. The propensity of 
occurrence of an amino acid at the specified position 
of the a-turn is given by 



where is the fraction of amino acid residue of type 
j at position k and Fj is the fraction of the same amino 
acid in the complete data set. 

Using the above formula, the propensity of these 
amino acids to occur in the positions z+1, f + 2, r + 3 
of the a-helical a-turn have been computed. These along 
with average propensity are given in columns 2-5 of 
Table 3. It is evident that four amino acids Cys, Glu, 
Ser and Thr show higher propensity (> 1.2) to occur in 
a-turns. (These are shown in bold in the table.) 

Statistical significance of the propensity values has 
been determined using the <i-test^^ The statistic d is 
given by 

(nxfj^-inxFj) 

^nxFjX(l -F.) ’ 

where n is the number of examples in FI. 

The amino acids with statistically significant propensity 
values for 5% tail {d> 1.97) are shown with an asterisk 
in Table 3. Of the four amino acids with high propensity 
values, only three (Glu, Ser and Thr) are seen to be 
statistically significant. The amino acid Cys, in spite of 
showing a high propensity value, is not statistically 
significant (probably due to the small sample size). 

Since the a-turn when repeated, leads to an a-helix, 
it will be interesting to compare these propensity values 
with the corresponding ones for a-helical segments in 
proteins. The propensity values for amino acids to occur 
in an a-helix as computed using the data set used are 


Table 3. Propensity of the 20 amino acids to occur in a-helical 
a-tum (family FI) and in a-helix. Those whose average propensity 
values are >1.2 are in bold 


Amino 

acid 


Propensity to occur in 



a-tum in 

position 


a-helix 

i+1 

i + 1 

f+3 

Ave 

ALA 

1.38* 

1.38* 

0.69 

1.15 

1.48 

ARG 

1.05 

1.58 

0.00 

0.88 

1.23 

ASN 

0.00 

1.30 

0.87 

0.73 

0.80 

ASP 

0.67 

1.67* 

1.00 

1.11 

0.94 

CYS 

2.50 

2.50 

2.50 

2.50 

0.78 

GLN 

0.57 

0.57 

1.71 

0.95 

1.28 

GLU 

1.54* 

2.69 

2.31* 

2.18 

1.46 

GLY 

0.00 

0.53 

0.26 

0.26 

0.41 

HIS 

0.69 

1.38 

1.38 

1.15 

1.03 

ILE 

0.40 

0.00 

0.80 

0.40 

1.02 

LEU 

0.55 

0.55 

0.82 

0.64 

1.31 

LYS 

1.23* 

1.54* 

0.62 

1.13 

1.27 

MET 

0.80 

0.00 

0.00 

0.27 

1.33 

PHE 

0.00 

0.00 

1.11 

0.37 

1.06 

PRO 

3.26* 

0.00 

0.00 

1.09 

0.56 

SER 

2.19* 

1.37* 

0.82 

1.46 

0.75 

THR 

1.93* 

0.97 

3.87* 

2.26 

0.75 

TRP 

0.00 

0.00 

0.83 

0.28 

1.14 

TYR 

0.59 

0.00 

0.00 

0.20 

0.85 

VAL 

0.63 

1.25* 

0.94 

0.94 

0.90 


*Statistically significant as per J-test. 


given in column 6 of Table 3. The values are in good 
agreement with those reported earlier by other 
workers^"^’^^. The amino acids that exhibit high propensity 
(> 1.2) are shown in bold. (Glu, Met, Gin, Lys and 
Arg). It is interesting to note that, except for Glu, none 
of the other amino acids show large propensity both 
for a-helix and a-turn. This shows that the amino acids 
that have larger propensity to occur in a-turn have no 
greater tendency to occur in a-helices and vice versa. 
This qualitatively lends an explanation to the isolated 
nature of the a-turns. The above analysis shows that 
among the 20 amino acids, Ser and Thr have formed 
a-turns in spite of their low propensity for a-helices. 

Another way of looking at the a-turns is to consider 
them as an overlap of two successive P-turns 
(/ -> j + 3 and / + 1 —> i -l- 4), with the p-turns being of 
type I and/or type HI. Identifying p-turns by the criteria 
of Ramakrishnan and Srinivasan^^ (and not necessarily 
by the existence of 4 1 type hydrogen bond), 42 out 

of 50 examples of family FI fall under this category 
(in 27 examples two type I P-turns overlap and in 15 
examples type III and type I p-turns successively over¬ 
lap). The propensities of these amino acids to occur in 
various types of p-turns have been reported by Wilmot 
and Thornton". The interesting aspect is that the propen¬ 
sities of the amino acids Cys, Ser and Thr (which show 
greater propensity for a-turns) are also greater than 1,0 
for type I P-turns. A further analysis shows that less 
than one-third of the overlapping P-turns (42 out of 
153) alone form the a-turn. 
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Since all the 20 amino acids have occurred in a-turns, 
it would be more appropriate to look at the product 
propensity of the triplet of amino acids that occur at 
C 3 and C“ (the product propensity being the product 
of the individual propensities) and select those triplets 
that may have a better preference to occur in a-turns 
as compared to a-helices. This is done by evaluating 
a quantity AP, which is the difference between the 
product propensity for an a-turn and the product propen¬ 
sity for a-helix. The distribution of AP is shown as a 
histogram in Figure 6 . It can be seen that, though the 
peak occurs around 0 , there are few triplets that occur 
in a-turns which have a large AP Those with AP > 4.0 
are listed in Table 4. In the six distinct triplets listed 
in Table 4, Thr, Cys and Ser contribute 78%, which is 
to be expected since these are the predominantly 
high-propensity amino acids for a-turns. 

Other hydrogen bonds of residues involved in 
a-turn segment 

Since the isolated a-turns do not have consecutive 
hydrogen bonds to stabilize the segment, it may be 



Product propensity 


Figure 6. Histogram showing the distribution of the difference product 
propensity (AP) in the examples of a-turas in family FI (see text for 
the definition of AP). 


Table 4. Triplets having large preference to 
occur in a-turns arranged in decreasing order 


Triplet 

No. of 
examples 

AP* 

SER-THR-THR 

1 

7.027 

CYS-ALA-THR 

1 

5.620 

THR-HIS-THR 

1 

5.284 

SER-CYS-SER 

1 

4.898 

THR-VAL-CYS 

1 

4.769 

CYS-ARG-THR 

1 

4.231 


*Cut-off is 4.0. 


interesting to find out whether these a-turn segments 
are involved in hydrogen bonds with other parts of the 
chain. On doing this, it was found that except in two 
examples, the segment is invariably involved with other 
hydrogen bonds (in addition to the 5 1 hydrogen 

bond). In fact, of the 252 residues in the a-turns (84 
examples with three residues in positions /+ 1 , i + 2 and 
r + 3), 178 (71%) act either as a donor or an acceptor 
for hydrogen bond. It is interesting to note that 79 out 
of 84 (94%) residues in position /-h3 take part in 
hydrogen bonding. (The corresponding values for residues 
in positions z +1 and /-h 2 are 61% and 57 %, respec¬ 
tively). 

Hydrophobicity of residues in a-turns 

Another aspect that can be looked into is the nature 
(hydrophobic or otherwise) of the residues involved in 
the a-turn examples of family FI. Using the consensus 
values of Eisenberg^^ the average hydrophobicity of the 
a-turn segments (HJ^) are evaluated (i.e. average of the 
hydrohobicity values of the residues at positions 
z+1, z + 2 and z + 3). This distribution is shown in 
Figure 7 a. Figure 7 b gives the corresponding distribution 
of hydrophobicity using the residues occurring in a- 
helices in the data set. It is clear that the residues 
involved in the isolated a-turns are more polar 
(hydrophilic) compared to those in a-helices. This would 
mean that these a-turns are more likely to occur on 
the surface, accessible to the solvent. This is in agreement 
with the now well-known concept^ that the turns in 
protein usually tend to be on the surface as compared 
to the other longer secondary structures such as helices 
and sheets. 

Location of a-turns in proteins 

The a-turn, being a small segment with a well-defined 
geometry, can act as a linker between two secondary 
structural segments in proteins. This aspect has been 
looked into by examining the proximal secondary struc¬ 
ture that (giving an allowance of maximum of four 
residues on either side) occurs on either side of the 
a-turn. The secondary structures were identified by 
examining the contiguous occurrence of representative 
((]), \|/) values^^ The results are tabulated in Table 5, in 
which H stands for helix, E for extended strand. (The 
commonly used notation is (3-strands.) In an earlier 
communication^^ it has been shown that some of the 
(3-strands are not involved in the formation of the 
p-sheet. The notation p^ is used to designate those which 
are involved in forming the p-sheet and p^ those which 
did not. We have preferred to use the notation E-strands 
since (i) these have been identified with the criteria 
that the (<(), \(/) values in the segment all lie in the 
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‘extended conformational region’ of Ramachandran map 
and (ii) no distinction has been made between and 
strands and U (uncharacterized) for other segments. 
It can be seen from the table that there are examples 
for all the possible combinations. The maximum number 


Q. 

£ 

o 

X 


Ci) 

E 

D 



Hydrophobicity (Family F1) 



Hydrophobicity (Alpha helix) 


Figure 7. The distribution of average hydrophobicity: a, of a-turn 
segments in family FI; b, of a-helical segments in the data set. 


Table 5. Number of examples of a-turns connecting 
different secondary structures (H-helix; 

E -- extended strand and U - uncharacterized) 


Sec. struc. 
preceding 
a-tum 

Sec. struc. succeeding a-tum 


H 

E 

U 

Total 

H 

8 

7 

6 

21 

E 

4 

19 

17 

40 

U 

4 

10 

9 

23 

Total 

16 

36 

32 

84 


of examples (19) occur for EE linkers (E-oc^-E). In 
fact, in about 70% of the examples the a-turn either 
precedes or succeeds the E-strand. This points to the 
tendency of a-turns to occur at the ends of extended 
strands. 

The EE linkers are further examined from the point 
of view of immediate local chain reversal. Very inter¬ 
estingly, in 17 of these 19 examples, the a-turn occurs 
at the loop regions of p-hairpin. Even in the two cases 
lsn3 (a-turn segment 7-11) and 2rsp (a-turn segment 
A46-50), the E-strands adjoining the a-turn though not 
forming a sheet are antiparallel in orientation and hence 
the full stretch can be considered as a hairpin bend 
without intermolecular hydrogen bonds. These are listed 
in Table 6, along with the a-t,urn families/groups to 
which they belong. Nine of these belong to family FI 
and the remaining are distributed among the various 
groups. The P-hairpins occurring in proteins have been 
grouped into four classes by different workers^^"^^ Fol¬ 
lowing the definition given by Pavone^® the classes to 
which these linkers belong to have also been identified 
and these are also given in Table 6. Examples are found 
belonging to all the four classes (I, II, III and IV), 
with class IV having the maximum number (11). 

Four examples, one in each from the families FI 
(Icox)^^, gl (Igcr)^^, g4 (Sapr)^"^ and one of the isolated 
examples (2fbj)^^ are shown in Figure 8, which brings 
out this aspect pictorially. 

The a-turns which form linkers between other secon¬ 
dary structures (viz. (i) helix and helix, (ii) helix and 
strand and (iii) strand and helix) do not exhibit any 
conspicuous pattern, or uniformity. 


Table 6. EE linker examples of a-tums which fall in 
different p-hairpin classes 


Protein 

code 

a-tum 

segment 

Family/ 

group 

p-hairpin class 

laap 

A24-28 

FI 

IV 

Icox 

391-395 

FI 

IV 

2er7 

E240-244 

FI 

IV 

21tn 

A54-58 

FI 

IV 

21tn 

A167-171 

FI 

IV 

2rhe 

93-97 

FI 

IV 

3blm 

50-54 

FI 

IV 

3cla 

97-101 

FI 

IV 

3fgf 

67-71 

FI 

IV 

3apr 

Ell-15 

g4 

IV 

lak3 

A129-133 

g7 

IV 

Igdl 

0300-304 

g6 

III 

4pep 

9-13 

g6 

III 

Irbp 

63-67 

# 

III 

Igcr 

47-51 

gl 

II 

lg(ir 

136-140 

gl 

II 

2fbj 

L166-170 

# 

I 


#-Isolated examples. 
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Figure 8. Two antiparallel p-strands connected by an a-tum. The a-tum segment is shown as thick lines and the 5->l hydrogen bond by 
a dotted line. The oxygen atom taking part in the hydrogen bond is explicitly shown, a, segment 388-399 of the protein Icox (a-tum 391-395: 
family FI); b, segment 41-58 of the protein Igcr (a-tum 47-51: group gl); c, segment E5-E21 of the protein 3apr (a-tum E11-E15: group g4); 
d, segment L160-L172 of the protein 2fbj (a-tum L166-L170: isolated example). 


Conclusion 

The present study shows that the proteins do contain 
5 1 hydrogen-bonded a-turns which do not necessarily 

form part of a larger secondary structure such as a-helix. 
The fact that the number of such examples of isolated 
a-turns is small as compared to (3-turns, points to the 
fact that in these examples, a-turns have, for some 
reason, been preferred over the more populous (3-tums. 
The small but significant number of examples of a-helical 
a-turns indicate that, in these cases, (i) either the a-helix 
which has been initiated has not progressed or, alter¬ 
natively, (ii) the a-helix thus formed by the a-helical 
a-turn has not been able to propagate itself in either 
direction. 

Since these examples occur in different types of 
proteins, the reason for these short a-helical a-turns 
may not lie so much in the functional/folding aspects 
of the protein as in the combination of residues in the 
a-turns as well as those which immediately precede and 
succeed these turns. In any case the isolated a-turns 
deserve to be considered as a secondary structural feature, 
though of a minor nature. 
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Task activation of the human brain 
studied in real time by functional 
magnetic resonance imaging 

N. R. Jagannathan* and P. Raghunathan 

Department of Nuclear Magnetic Resonance, All India Institute of 
Medical Sciences, Ansari Nagar, New Delhi 110 029, India 

This paper describes our initial results on functional 
brain mapping using a whole-body clinical magnetic 
resonance (MR) scanner operating at 1.5 T and having 
no echo planar imaging capability. The focus is on 
the effects of motor cortex stimulation of normal 
volunteers using a circularly polarized head coil when 
a gradient echo pulse sequence is employed. The 
study demonstrates the technical feasibUity of func¬ 
tional MR imaging by using conventional gradient 
echo sequence and equipment. 

Magnetic resonance imaging (MRI) is a well-established 
noninvasive clinical diagnostic tool which produces a 
spatial display of hydrogens present in the human body 
and provides a high-resolution morphological picture of 
the anatomy with superior contrast resolution*. Recent 
developments in MRI methodology have demonstrated 
the possibility of observing human brain function^"'^. 
‘Functional’ imaging (fMRI) has great potential for 
assessing individual pathophysiology and for charac¬ 
terization of human brain functions such as language, 
learning, memory, task activation, etc.'*. Using the echo 
planar imaging (EPI) technique, Belliveau et al? 
described the measurement of blood volume during 
visual activation, which not only opened up exciting 
new possibilities in the study of brain physiology but 
also provided a unique and challenging tool for neuro¬ 
science. Since then, several research groups have 
demonstrated that functional imaging of the human brain 
was feasible on their conventional MR system, where 
EPI capabilities were not available*"**. 

In this paper, we present our initial experimental 
results on task activation studies using the fMRI tech¬ 
nique. Our studies have been carried out on normal 
volunteers using a Siemens MAGNETOM 63SP-4000 
whole-body scanner. Our objective was to evaluate and 
demonstrate the feasibility of such studies on our 1.5 T 
whole-body scanner, using the FLASH sequence*’. 

Experiments were performed on the 1.5 T super¬ 
conducting whole-body scanner using a circularly 
polarized head coil. Magnetic field shimming with all 
first-order coils was performed by means of global 
shimming for each subject, achieving typical line widths 
of about 15 Hz. Scout images, one in each orthogonal 
plane, were initially obtained. Later, multislice T^- 
weighted images in the sagittal, and in some cases 


*For correspondence. 


coronal, planes were obtained using the standard spin 
echo sequence with an echo time (TE) of 15 ms, repetition 
time (TR) of 520 ms, a 256x256 matrix and a slice 
thickness of 5 mm. Using these images as an anatomic 
guide, appropriate tilted planes were then selected for 
task activation studies. One or more of the tilted axial 
planes passing through the primary motor and sensory 
cortex (Figure 1) were selected. The pulse sequence 
used was a conventional two-dimensional, refocused 
gradient echo FLASH sequence*’'*® with TR = 90 ms, 
TE = 60 ms, flip angle = 40°, matrix size 64 x 128, field 
of view (FOV) = 200mm, and slice thickness = 8 mm. 



Figure 1. Proton MR images illustrating the orientation of the axial 
planes selected for task activation studies: a, for observing both the 
hemispheres of the brain simultaneously; A, for observing the left-hand 
movement on the right hemisphere of the brain. 
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These were optimized parameters, selected on the basis 
of a number of preliminary experiments. The percentage 
increase in signal intensity varies approximately linearly 
with TE; however, due to T* processes, the overall 
signal intensity in both the control and activated images 
are known to decline with TE for a chosen tip angle 
of the RF pulse^. The maximum signal intensity increase 
in absolute terms occurs at a TE value approximately 
equal to T*, which is around 66 ms in the activated 
region at 1.5 T (refs 6, 9). Our preliminary experiment'; 
also gave similar results and hence a TE value of 60 
ms was used for all fMRI studies. 

The hand task activation consisted of the volunteers 
{n = 4) either holding a sponge in the left or right hand 
and squeezing it repetitively, or performing finger-to- 
thumb movements. The rate and force of the squeezing 
of the sponge and finger-to-thumb movements were not 
controlled. Data were collected in blocks of 10 control 
images (i.e. in the task-free resting state), followed by 
10 obtained during task activation (Figure 2). This 
procedure was repeated 4 or 5 times for each hand 
movement. When the axial plane shown in Figure 1 a 
was used, both left and right motor cortices were 
observed simultaneously. For this study, the volunteers 
{n = 3) held the sponges in both the hands and were 
asked to squeeze them simultaneously. 

The MR images were reconstructed in the standard 
manner. Necessary postprocessing such as addition and 
subtraction of images was carried out using specialized 
software packages. 

Figure 3 a shows an oblique Tj-weighted spin echo 
image of the anatomy of the selected section for sub¬ 
sequent monitoring of task activation, obtained using 
Figure 1 Z? as a pilot image. Figure 3 b shows the effects 
of left-hand movement; the appropriate cortical activity 
can be clearly seen near the sulcal wall. For observing 
both left and right motor cortices simultaneously, an 
axial oblique through a sagittal section was used as 
shown in Figure 1 a. Figure 3 c shows one such activated 
image when the volunteer was asked to activate both 
the hands, as described earlier. In general, the maximal 
signal intensity increase for the appropriate slice thickness 
used has been computed to be around 3-8%. 

repetitive FLASH experiments (black bars symbolize 10 sec experiments) 



activation activation activation 



Figure 2. Experimental protocol for motor cortex activation. During 
‘activation’ the volunteer performs the task of squeezing the sponge 
or finger-to-thumb motion. 



Figure 3. Images from a study of task activation obtained using the 
section orientation shown in Figure \ b. a. Anatomy of the selected 
section, h, Effects of activation of the left-hand task, c, Effects of 
activation during the task performed using both the hands simultaneously. 
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The images shown in Figure 3 c are suitable for 
simultaneous examination of both left and right motor 
cortices. However, oblique planes through one hemi¬ 
sphere of the brain are preferable for viewing the detailed 
functional anatomy of the primary motor and sensory 
cortices. It is clear from Figures 3 b and c that activation 
is seen in grey matter of the sulcal walls, with little 
or no apparent effect in the intervening white matter^. 
In addition, the region activated by the hand movement 
task can also be precisely defined and related to specific 
gyri and sulci at a deeper level by following the 
activation down through successive sections using the 
three different planes shown in Figure A a. The set of 
images thus obtained from the right hemisphere of the 
brain from the superficial and middle planes are shown 
ill Figures 4^ and c for the left-hand movement (see 
figure caption for details). As is seen clearly, the 
activation manifests iiurif as a hyperintense patch in 
the grey matter on both walls of the central sulcus. 
Other minor signal enhancement regions are also obser¬ 
ved, showing that the area of activation is not confined 
to the walls and to the central sulcal region. These 
enhancement regions are believed to be associated with 
venous microvasculature in the grey matter^. 

The activation experiments were performed by first 
acquiring a set of 10 ‘activated’ images - series A (during 
activation) — followed by 10 corresponding control rest 
images - series B (without any hand movement). This 
procedure of ‘activity’ (series A) followed by ‘rest’ 
(series B) was repeated 3 or 4 times. The image 
processing algorithm consists of adding together all the 
images of set A and producing a composite ‘ACTIVE’ 
image A. Then all images of series B, corresponding 
to rest period (no activation), were added together to 
produce a composite ‘REST’ image B. Finally, the 
algorithm takes the difference (A-B), and displays it as 
the ‘functional MRF image C. In this manner, the 
activation images shown in Figures 3 and 4 are the 
difference images obtained after 3 or 4 cycles of rest 
and activity. The accumulation of each data set takes 
about 800 s. The increase in signal intensity varied 
between 3 and 8%, depending upon the slice thickness 
used. However, the percentage signal intensity change 
depends on a number of factors such as partial volume 
effects, T*, and other parameters used, such as the echo 
time, repetition time, slice thickness and, of course, the 
field strength. Intensity variations have also been known 
to occur if the postprocessing procedure is not correct. 
Subject movement during activation experiments may 
correlate with the task being performed and signal 
changes noticed may then be mistaken for evidence of 
brain activation^^. Recently, several reports have appeared 
in the literature on these aspects and methods have been 
suggested to overcome these^^’^°. 

In our work, proper care has been taken regarding 



Figure 4. Images from a study of motor stimulation during left-hand 
movement task, a, The different contiguous planes selected; superficial, 
middle and deep, Activation in the superficial plane, c. Image from the 
middle plane. (The deep plane contains no image enhancement, denoting 
that it was not activated in hand movement and hence is not shown.) 
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subject movement during data acquisition to reduce 
motional artefacts. In addition, a set of 10 control (rest) 
images (with no activation - called set X) followed by 
another set of 10 control (rest) images (set Y) were 
separately acquired. All the images of set X were added 
together, producing a net ‘REST’ image X; similarly, 
all the images of set Y were added to produce another 
composite ‘REST’ image Y. The difference image, i.e. 
X-Y, was then obtained, which showed no signal en¬ 
hancement in the plane selected, thus justifying that 
artefactual effects had been kept down to a minimum 
in executing our postprocessing algorithm. 

The increase in local signal intensity observed in 
Figures 3 and 4 may be explained on the basis of our 
understanding of the blood-oxygenation-level-dependent 
(BOLD) mechanism whereby changes in neuronal activity 
affect the MR signaF^’”^. During task activation, brain 
stimulation takes place with increased blood flow, and 
oxygen delivery to the activated region exceeds the 
metabolic need^^ The rise in blood supply seems to 
exceed the rise in oxygen consumption, leading to a 
local decrease in the ratio of deoxyhaemoglobin to 
oxyhaemoglobin^^’^^. Deoxyhaemoglobin is a paramag¬ 
netic substance and acts as an effective endogenous 
contrast agent. Moreover, a decrease in deoxyhaemo¬ 
globin concentration also decreases the vessel tissue 
susceptibility differential (leads to increased T*), allow¬ 
ing increased spin coherence and thus increased signal 
while using a gradient echo sequence such as FLASH. 

The functional MR images presented in this paper 
demonstrate that it is possible to use a conventional 
1.5 T MR imager without echo planar capability for 
monitoring the brain functions if a gradient echo pulse 
sequence such as FLASH is employed. The application 
potential of fMRI is enormous in the area of neuro¬ 
sciences for assessing individual pathophysiology and 
for characterization of several brain functions*^ related 
to language”'^, memory etc. In addition, it may also have 
important applications in neurosurgery. Identification of 
the anatomical relationship of a functional area to a 
tumour (which often distorts and displaces normal 
anatomy) is a great help to the neurosurgeon while 
planning the surgical approach and to preserve these 
primary areas during therapeutic operations^. 
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Radon precursory signals of Chamba 
earthquake 
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Radon is recognized as a plausible precursor in 
earthquake prediction research. Radon monitoring in 
soil-gas and groundwater at Chamba and Dalhousie 
stations is carried out by using alpha-logger probes 
and emanometry. Radon anomalies are generally fol¬ 
lowed by seismic events in the grid (30-34‘‘N, 74-78‘’E). 
The Chamba earthquake of 5.1 M, which occurred 
on 24 March 1995, had recorded its precursory 
signals. 

Since the first observation of episodic changes in radon 
concentration in groundwater prior to the 1966 Tashkent 
earthquake\ radon has been considered to be a plausible 
precursor for earthquake prediction. Observations of 
radon in soil-gas and groundwater have been recorded 
by various authors^“^‘^ and correlated with some of the 
earthquakes which occurred in USA, Japan, China, 
Mexico and India. 

The physical basis of the radon anomalies prior to 
an impending earthquake have yet to be fully understood 
in terms of a comprehensive theoretical model. However, 
it is understood that the build-up of stresses prior to a 
seismic event induces strain fields in the crustal rocks; 
as a consequence, the radon emanation is enhanced. 
Model calculations indicate that a change in strain fields 
of at most 10"^-10"^ caused the radon anomalies. 

Radon monitoring work was started at Chamba and 
Dalhousie stations in Himachal Pradesh during March 
1993 under the Himalayan Seismicity Programme of the 
Department of Science and Technology (DST), Govern¬ 
ment of India. Continuous radon monitoring is carried 
out in the soil-gas at Chamba and Dalhousie using the 
alpha-logger system, while radon is monitored daily at 
Dalhousie station in soil-gas and groundwater using the 
emanometry technique. The location of the monitoring 
stations is shown in the map (Figure 1), which shows 
major thrust faults in N-W Himalaya. 

The alpha-logger probe (manufactured by Alpha- 
Nuclear Company in Toronto, Canada) is a portable 
battery-powered microprocessor-based data acquisition 
and control system. The detector probe consists of a 
silicon-diffused junction for the detection of alpha par¬ 
ticles and can record radon alpha counts in 15 min 
increments over a period of 40 days non-stop. The 
detector unit is placed inside a covered auger hole about 
60 cm in depth. The recorded data are retrieved with 
the aid of a laptop IBM-compatible PC by entering the 
proper commands. The software supplied with the system 
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Figure 1. Map showing monitoring sites along with tectonic features 
in N-W Himalaya. 

provides the facility to sum up any number of 15 min 
counting intervals for better counting statistics. 

Radon monitoring in groundwater and soil-gas was 
carried out daily at Dalhousie station using the 
emanometry technique. The groundwater sample was 
collected from a ‘bauli’ (natural spring) at village Banik- 
het, 7 km from Dalhousie, in a sample bottle. A closed- 
circuit technique^ ^ was used to collect the gas that had 
passed through the water sample in the ZnS(Ag) detector 
cell as follows: The air was circulated in the closed 
circuit containing a hand-operated rubber pump, a water 
sample jbottle, a drying chamber and a ZnS(Ag) detector 
cell for 10 min. Radon counts were recorded after 4h, 
during which time the equilibrium between radon and 
its daughters gets established. 

For measuring radon in soil-gas, auger-produced holes 
were left covered for 24 h, the same holes being used 
daily for radon monitoring. An emanometer was used 
to measure the alpha particle emission from radon in 
the gas fraction of a sample by pumping the soil-gas 
into a scintillation chamber using a closed-circuit tech¬ 
nique. The alpha particles emitted from the decay of 
radon and its daughters impact the scintillator ZnS(Ag) 
creating an energy pulse in the form of photons. These 
photons were recorded by the scintillation assembly 
consisting of a photomultiplier tube and a scalar unit. 

The Chamba and Dalhousie stations were set up as 
a part of radon network established in Himachal Pradesh 
to monitor the seismic activity of N-W Himalaya, Time 
series alpha-logger radon data for Dalhousie station are 
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plotted in Figure 2 for the period October 1993 to 
March 1995. The first radon anomaly was recorded on 
26 October, with a radon value of 18,873 counts/day, 
191% above the average value. This was followed by 
a seismic event of magnitude 1.3 M on 28 October 
within an epicentral distance of 21 km. Similarly, there 
were other radon anomalies followed by seismic events 
as shown by arrows in Figure 2 and listed in Table 1. 
This clearly shows that radon precursory signals are 
recorded prior to seismic events in N-W Himalaya. 

Radon monitoring at Chamba started in July 1993. 
Time series radon data are plotted in Figure 3 with 
radon anomalies followed by seismic events (shown by 
arrows) as listed in Table 2. During March 1995, the 
radon emanation registered an average value of 4010 
counts/day (Figure 4 a). On 13 March the radon peak 
occurred with radon high of 7600 counts/day. It started 
decreasing thereafter and fell below the average value 
after the Chamba earthquake of magnitude 5.1 M, which 
occurred on 24 March 1995 with its epicentre at Pliure, 
nearly 7 km away from Chamba town. 



Figure 2. Time series alpha-logger data at the Dalhousie station. 

Table 1. Correlation of radon anomalies at Dalhousie and the cor¬ 
responding earthquake data 

Date of Percentage 


radon 

anomaly 

Date of 
the event 

Magnitude 

Alpha 

counts/day 

increase above 
the mean value 

26.10.93 

28.10.93 

1.3 

18873 

191 

23.11.93 

03.12.93 

3.5 

18625 

187 

02.12.93 

05.12.93 

1.6 

18078 

178 

21.03.94 

23.03.94 

4.7 

13166 

103 

24.03.94 

30.03.94 

4.9 

14548 

124 

01.04.94 

03.04.94 

4.7 

14575 

124 

06.04.94 

09.04.94 

5.9 

17382 

168 

23.04,94 

25.04,94 

2.2 

19343 

198 

10.05.94 

10.05.94 

5.3 

11516 

77 

12.06.94 

12.06.94 

2.3 

5846 

-10 


Radon monitoring at Dalhousie station shows some 
interesting trends (Figure 4 b): an enhancement till 16 
March, then a fall, followed by a negative radon peak 
on 21 March, 3 days before the Chamba earthquake. 
Radon emanation showed a sudden rise after 21 March 
and this trend continued till 28 March; thereafter it 
started decreasing on 29 March. It reached its minimum 
value on 30 March after the seismic event of magnitude 
3.0 M which occurred on 29 March. Chamba station 
became unoperational due to battery failure on 25 March 
and hence could not record the signal prior to 29 March 
event. The apparently different radon trends at both the 
stations may be explained on the basis of different 
geological conditions at the radon monitoring sites, their 
location from the main boundary fault (MBF) and the 
variation of the stress intensity factor*^. 

Radon emanometry data (Figure 5) recorded the Chamba 
earthquake precursory signals more faithfully in both 
soil-gas and groundwater at Banikhet site near Dalhousie. 
The average radon values for March 1995 in soil-gas 
and groundwater were 71 and 98 counts/200 s, with a 
standard deviation of 97 and 103 counts, respectively. 
The radon anomaly was recorded simultaneously in both 



Figure 3. Time series alpha-logger radon data at the Chamba station 

Table 2. Correlation of the radon anomalies at Chamba and the 
corresponding earthquake data 

Date of Percentage 


radon 

anomaly 

Date of 
the event 

Magnitude 

Alpha 

counts/day 

increase above 
the mean value 

10.07.93 

12.07.93 

3.5 

10906 

309 

26.08.93 

28.08.93 

2.5 

8664 

225 

25.10.93 

25.10.93 

2.6 

28837 

982 

04.11.93 

10.11.93 

3.1 

11601 

335 

20.03,94 

30.03.94 

4.0 

6611 

148 

18.04.94 

18.04.94 

5.0 

7045 

164 

30.04.94 

01.05.94 

6.5 

7536 

182 

09.05.94 

09.05.94 

5.2 

7355 

176 
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Figure 4. a, Alpha-logger radon data recorded at Chamba during 
March 1995. b, Alpha-logger radon data recorded at Dalhousie during 
Mm-h 1995. 



Figure 5. a. Radon emanometry data in soil-gas at Dalhousie during 
March 1995. b. Radon emanometry data in groundwater at Dalhousie 
during March 1995, 

the media on 21 March, three days before the occurrence 
of Chamba earthquake and a day before a local event 
of magnitude 2.0 M, with peak values crossing the 
X + 2a level. There was another peak on 24 March and 
then a sudden fall in the radon emanation rate after the 
strain was released. The simultaneous recording of radon 
peaks in both soil-gas and groundwater at the same site 
and under similar meteorological conditions before the 
occurrence of Chamba earthquake on 24 March esta¬ 
blishes the efficacy of radon as an earthquake precursor. 
It also augurs well for setting up radon monitoring 
networks in N-W, Central and N~E Himalaya for the 
purpose of earthquake prediction studies and delineation 
of hidden faults. 
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Palaeogeographic evolution of the 
Akkulam lake and its geotechnical 
implications in the urban 
development of Thiruvananthapuram 
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The palaeogeographic evolution of the Akkulam lake 
and its geotechnical significance based on field obser¬ 
vations, mapping, lithological core sampling and 
geotechnical laboratory studies are highlighted. The 
findings have important implications in the future 
urban development of Thiruvananthapuram. 

From a geological perspective all lakes are temporary 
features in the terrestrial landscape. Lakes originate, 
evolve and ultimately disappear. They differ from one 
another mostly in terms of their mode of formation, 
course of evolution, duration of existence and their 
ultimate disappearance. 

The present investigation is concerned with the 
palaeogeographic evolution of the Akkulam lake and its 
geotechnical implications in the future development of 
the fast-growing urban area of the city of Thiruvanan¬ 
thapuram. 

The Akkulam lake is one of the minor lakes located 
within the coastal plain immediately north of Thiruvanan¬ 
thapuram. The lake presently covers an area of 1.7 km^ 
and is intermittently connected with the Lakshadweep 
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sea through a tidal channel. A temporary transverse 
sand bar, generally 3 m wide and over 15 m long, cuts 
off the tidal channel from the sea, preventing direct 
contact with the latter during most of the year, except 
during periods of high rainfall. Thus, the lake forms a 
‘blind’ estuary^ The manmade inland canal, the Parvathy 
Puthen Ar, enters this tidal channel. This canal continues 
further southwest into the coastal plain at a distance of 
1.5 km from the coastline, almost parallel to the 
strandline. The two bridges, one connecting the coastal 
roads and the other connecting the railway tracks, are 
constructed across this tidal channel (Figure 1). 

The study comprised the following methodology. 

1. Geological and geomorphological mapping of the 
region in and around the Akkulam lake covering an 
area of 20 km^ in the scale 1 : 20,000. 

2. Drill core sampling, field study of sites of excava¬ 
tions, burrow pits, etc. 

3. Lithological study of drill cores, materials of ex¬ 
cavations (well cuttings, burrow pits and pits for foun¬ 
dations, etc.). 

4. Geotechnical study of the lithological samples. 

5. Preparation of a map showing zones of geotechnical 
hazards. 

The field studies conducted in the region surrounding 
the basin of the lake have indicated that the lake was 
more extensive in the past, and an arm of the lake 
appears to have extended up to Kannanmoola for a 
distance of 6 km from its present margin (Figure 2). 

The geomorphological features of the southeastern 
part of the study area adjoining the lake afford clear 
evidence of the shrinking of the lake basin to its present 
size. The landform is characterized by a flat, featureless 
terrain not exceeding 2.5 m above the water surface of 


the lake. This low-relief landform resembles that typical 
of flood plains of aggradation or of valley fills. Data 
from drill holes, pits and excavations collected from 
nine selected sites within the valley floors between 
Akkulam and Kannanmoola afford unmistakable evidence 
to show that it is genetically a valley flat of aggradational 
nature where presence of abnormal thickness of sediments 
has been shown to exist. The sediments forming the 
infilled portion within the area between the hill-side 
escarpments and slopes have an aggregate thickness 
ranging from 11 to 20 m. The width of this zone of 
aggradation is not uniform, with widths varying from 
100 to 500 m. The total area occupied by the sediment 
infilled zone is estimated to be 11,80,000 m^. Consi¬ 
derable thickness (ranging in aggregate thickness from 
6 to 22 m) of plastic clays alternating with sediments of 
silty and sandy horizons occupies this tract (Table 1). 

A narrow channel of 15 m width occupies the central 
portion of the sediment-infilled portion of the lake. 
While the net flow of water in this channel is seaward, 
the direction of flow is reversed once or twice daily 
according to the tidal regime. Tidal influence is experi¬ 
enced in this channel up to just north of Vempalavattom 
and perceptible effects are recorded during some months 
in this channel as far as Kannanmoola, when the sand 
bar of the estuarine mouth is breached. Marshy tracts 
and paddy fields occupy both sides of the sediment-filled 
portion of the Akkulam basin, extending laterally up to 
the terraced bluffs flanking the valley-side escarpments, 
where extensive coconut cultivation prevails. In the 
neighbourhood of Kannanmoola the sediment infilled 
part of the Akkulam basin supports extensive marshy 
tracts almost throughout the year, where enormous thick¬ 
ness of plastic clays highly enriched in organic matter 
is known to attain an aggregate thickness of over 20 m. 



Figure 1. Geological map of the region around the Akkulam lake covering an area o“f 20 km^. 
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This locality is situated 5 km inland from the present 
coastline and occupies almost the central part of the 
city of Thiruvananthapuram. 

The drill core samples collected from the sediment- 
filled portions of the Akkulam basin from Kannanmoola 
comprise occasional horizons containing skeletal frag¬ 
ments and complete shells of molluscs, and other inver¬ 
tebrates characteristic of brackish water environments. 
Thus, the palaeontological observations afford another 
strong evidence for the prevalence of brackish water 
condition up to Kannanmoola somewhere in the recent 
past. 

Yet another evidence supporting the palaeogeographic 
change of the Akkulam lake basin is afforded by the 
drainage pattern of the existing fluvial system physically 
associated with the present lake basin. A number of 
stream systems extending over an aggregate area of 
about 30 km debouch their discharges into the Akkulam 
lake. Among these, the southerly flowing Ulloor Thode 
and southwesterly flowing Pattom Thode are the 
prominent ones. In addition, a few smaller streamlets 
enter the lake from its northern side traversing Kolathur, 
Cheruvickal and neighbouring localities. The Ulloor 
Thode and the Pattom Thode combine together at the 
centre of the marshy tract of Kannanmoola - the locality, 
as already noted, represents probably the former 
southeastern extremity of the present Akkulam lake. The 
sediment accumulation process in the portion of the 
lake basin from Kannanmoola up to Akkulam left only 
a narrow channel up to its present margin to drain away 
the discharges received from Ulloor Thode and Pattom 
Thode. A close study of the drainage pattern of the region 
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reveals an abrupt northwestward diversion of the 
downstream portion of the stream channel beyond the 
point of confluence of Pattom Thode and Ulloor Thode. 
This unusual stream pattern indicates perhaps that in 
the past the streams had their termination near Kannan¬ 
moola up to where the southeast-trending arm of the 
Akkulam lake extended and subsequent infilling of this 
portion of the lake basin forced the stream channel to 
extend gradually up to Akkulam-the lake’s present 
margin. 

The urban area of Thiruvananthapuram is growing at 
an accelerated rate and the urban-suburban boundary is 
expanding at different rates along different directions. 
The scarcity of land for building construction has forced 
increasing reclamation of most of the paddy fields that 
occupied a substantial portion of the urban area. The 
building construction activity has already reached the 
infilled southeastern portion of the Akkulam basin. This 
tract being a geotechnically hazardous zone, special 
precautionary measures should be taken for foundation 
treatment while planning construction of buildings, espe¬ 
cially high-rise constructions. Field studies have indicated 
serious damages of various sorts even in newly con¬ 
structed buildings in this tract due to foundation 
problems. The enormous thickness of plastic clays in 
the sedimentary succession of this tract, extending up 
to Kannanmoola should be taken into consideration in 
planning future urban development of the infilled portion 
of the Akkulam basin. 

The clay-enriched sedimentary succession has a sig¬ 
nificant influence upon its geotechnical properties. The 
moisture content and the energy with which this moisture 
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Table 1. A representative lithological borehole log at Velakudi 





Lithology 

Gravel % 

Sand % 

Silt % 

Clay % 

m 

0 — 












A 

Clayey and sandy silt 

- 

12 , 

42 

46 

2 - 



B 

Stiff lateritic clay 

8 

30 

52 

10 




C 

Soft grey clay with 


4 

6 

90 

— 




peaty matter 





— 


D 

Carbonaceous plastic clay 

- 

- 

8 

92 

— 


E 

Sandy and silty clay 

- 

12 

18 

70 

8 - 



Carbonaceous plastic 







F 

clay with occasional 

- 

3 

11 

86 

9 - 



peaty horizons 





10 - 








— 


G 

Sandy clay 

- 

18 

20 

62 

11 - 








12 - 


H 

Silty clay with 


2 

30 

68 

— 



shell fragments 





13 - 








14 - 


I 

Medium sand with 


42 

26 

32 

— 



shell fragments 





15 - 










J 

Disintegrated rock 

16 

52 

32 

- 

16 - 








— 


K 

Hard rock (Khondalite) 





17 —— 









is held are the important factors to be taken into account 
while planning high-rise buildings in such areas, since 
these determine the consistency, strength and volume 
changes resulting from swelling, shrinkage and con¬ 
solidation, which are also related to permeability and 
migration of moisture. Volume changes can occur as a 
result of loading consequent to consolidation and heave, 
due to reduction in void ratio. Because of their low 
permeability, the rate of consolidation will be a relatively 
slow process but the net effect will be considerable 
over a long span of time. The sensitivity of the clays 
of the region, i.e. the ratio of the undisturbed to the 
remoulded strength at the same moisture content ranges 
from about 3 to 6. Because of the high content of 
moisture of the clays, any fluctuation in the moisture 
content may increase the sensitivity of these clays. 
However, the ultimate bearing capacity of foundations 
on clay-enriched successions is influenced by its shear 
strength, which, in turn, depends on its consistency as 
well as the shape and depth at which the structure is 
placed. There are unmistakable evidences of severe 
foundation problems in the sediment-infilled portion of 


the Akkulam basin in the form of collapse of bridges 
due to tilting of foundations at localities such as 
Anamughom, near Edatharamukku and Nelliazhi. The 
shear strength of the clays determined for samples 
obtained from deep excavations and drill cores gave 
values ranging from 20-60 kN/m^. 

The study revealed that the Akkulam lake initially 
extended from its present margin up to Kannanmoola 
in southeast. Geomorphological, geological and palaeon¬ 
tological evidences support this view. This infilled arm 
of the lake contains considerable thickness of plastic 
clays and thus constitutes a geotechnically hazardous 
zone. This fact should be taken into consideration while 
planning major civil engineering constructions for the 
future urban development programmes. . 


1. Day, J. H., Trans. R. Soc. S. Afr., 1951, 33, 53-91. 
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worths, London, 1980. 
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Characterizing intergeneric 
regenerants of protoplast fusion 
between Hyoscyamus muticus 
(Egyptian henbane) and Atropa 
belladonna (Indian sagangur) 

C. C. Giri and P. S. Ahuja* 

Centre for Plant Molecular Biology, Department of Genetics, Osmania 
University, Hyderabad 500 007, India 

*Plant Tissue Culture Division, Central Institute of Medicinal and 
Aromatic Plants, Lucknow 226 015, India 

In the absence of a selection system, protoplast fusion 
between Hyoscyamus muticus L. and Atropa belladonna 
L. was obtained. The conditions for obtaining such 
a fusion were determined. The regenerants obtained 
subsequent to fusion were characterized based on 
morphology and cytological analysis. The regenerants 
exhibited phenotypes that were intermediate or resem¬ 
bling the parental types. 

Hyoscyamus muticus L. was introduced into India from 
Egypt for its cultivation and medicinal use‘. Combining 
some characteristics of this species, viz. alkaloid content 
and arid habitat in a plant like Atropa belladonna (a 
sexually incompatible distant relative) is, an essential 
step in the improvement of these medicinally important 
plants. Production of somatic hybrids was reported 
between sexually incompatible plant species specifically 
for obtaining higher content of secondary metabolites^. 
Besides somatic hybridization the improvement of plant 
bearing tropane group of alkaloids was reported through 
protoclonal variation^ Protoplast fusion between A. bella¬ 
donna and H. muticus was attempted and the analysis of 
a few of the fusion products is reported in the present 
paper. 

Seed materials of A. belladonna L. (In = 12) and 
H. muticus L. (2n = 28) were obtained from CIMAP 
experimental farm. Callus cultures were established from 
leaf explants on MS'* medium supplemented with 
a-naphthaleneacetic acid (NAA, 2 mg/1) and benzyl- 
aminopurine (BAP, 0.5 mg/1) from in vitro grown plants. 
Suspension cultures from both the plants were established 
using the same medium in liquid^. Protoplasts were 
isolated from 3-month-old suspension cultures. Parental 
protoplasts (1 x 10 ^ protoplasts/ml of each parent) were 
mixed in a centrifuge tube, centrifuged for 5 min at 
30 X g and the supernatant removed. One ml of fusion 
solution containing 25% PEG (mol. wt. 3500), 9% 
mannitol, 2.36% Ca(N 03)2 • 4 EL 2 O was added slowly 
along the wall of the centrifuge tube and then incubated 
for 0-10 min at 30-32°C. PEG was diluted out slowly 
with a high-pH Ca^'^ solution (0.74% CaCl^ ■ 2HjO, 
0.375% glycine, 10% mannitol, pH 10.5). The duration 
of incubation in the fusogen or dilutant was varied to 
determine the optimum fusion frequency. 


The protoplasts were then further diluted with a sta¬ 
bilizer solution (0.74% CaCl^ • 20^0, 0.75% glycine, 
10% mannitol in CPW salts^, pH 5.8) for at least 1 h. 
Finally, the settled protoplasts were washed with 
protoplast culture medium (PCM). Estimation of fusion 
frequency was done as per Kinsara et all using fluores¬ 
cence labels FITC (fluorescein isothiocyanate), RITC 
(rhodamine iso thiocyanate)*, before culture of protoplasts. 

After fusion, the heterokaryons along with the parental 
protoplasts were cultured at an optimum culture density 
(1 X 10* protoplasts/ml) in a standardized PCM (MS+ 3 % 
sucrose (w/v), 9% mannitol (w/v), 1 mg/1 NAA, 0.2 mg /1 
2,4-dichlorophenoxyacetic acid (2,4-D), 0.5 mg/1 BAP)*. 

Chromosomal counts in the actively growing healthy 
root tips ( 1-2 mm) of plants regenerated in vitro, hybrid 
callus and parental seedlings were determined. The roots 
or calli were pretreated in a saturated solution of 
p-dichlorobenzene (PDB) for 4 h (initially for 5 min in 
a deep freezer and subsequently at 7°C). The tissue of 
A. belladonna was pretreated in water for 24 h at 2“C. 
All the tissues were fixed in 1:3:: acetic acid : absolute 
alcohol. The samples were stained with a mixture (1:9) 
of 1 N HCl and 2% aceto-orceine (dissolved in 45% 
glacial acetic acid). 

Protoplast fusion between H. muticus and A. belladonna 
was confirmed on the basis of differential staining by 
FITC and RITC. The frequency of fusion of protoplasts 
from H. muticus and A. belladonna is shown in Table 1. 
The frequency of the heterokaryon formation with PEG 
alone is low (0—0.9%). Heterokaryon formation was 
2 . 6 % when the parental protoplasts were incubated in 
high Ca^*/high pH solution for 20 min. However, this 
frequency could be marginally increased to 3 . 0 % if the 
parental protoplasts were incubated in PEG for 5 min 
earlier. Also bursting of protoplasts was noticed to be 
lower in this treatment than with PEG alone. Thereafter, 


Table 1. The effect of the interaction of PEG and ionic solution 
(high pH/Ca^"^) on heterokaryon formation* between protoplasts of 
A. belladonna labelled with FITC and H, muticus labelled with RITC 


Incubation 
time (min) 
in PEG 

Incubation time (min) in high pH/Ca^"" 


0 

15 

20 

25 

30 

45 

0 

0 

0,05 

2.6 

0.96 

0.06 

- (B) 

2 

0.08 

0.32 

0.9 

0,12 

0.001 

- (B) 

4 

0.06 

0.25 

1.86 

0.08 

0.015 

- (B) 

5 

0.01 

0.52 

3.0 

0.12 

0.001 

— (B) 

8 

0.09 

0.1 

0.08 

0.03 

0 (B) 

- (B) 

10 

0.02 

0.09 

0.07 

0.06 

0 (B) 



*Fusion frequency % (Percentage of heterokaryons per total number 
of protoplasts). 

B = Bursting of protoplast. 

Observations were taken after 1 h of fusion process was over under 
UV using a fluorescence inverted microscope. 

A minimum of 25 microscopic fields were observed to arrive at the 
fusion frequency. 
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incubating the protoplasts for further time periods in 
either of the solutions did not increase the fusion fre¬ 
quency. Plating efficiency of parental protoplasts was 
to the tune of 56 ±2% and 47 ±1.5% in case of 
H, muticus and A. belladonna, respectively. However, 
when protoplasts were cultured after fusion at same 
culture density as parents (1 x 10^ protoplasts/ml), the 
plating efficiency was observed to be 68 ±2%. Fast¬ 
growing colonies were visible within 4-5 weeks of 
culture. From 50 fast-growing colonies 15 callus lines 
were obtained. These callus lines were then transferred 
to a semisolid agar (0.8%) MS regeneration medium 
containing 3% sucrose 0.1 mg/1 NAA and 0.5 mg/1 BAP. 
Regenerated shoots developed into complete plantlets 
when the shoots were transferred to rooting medium 
containing half-strength MS nutrients without phyto¬ 
hormones. The regenerated plants were selected visually 
on the basis of the morphology, pattern and plant 
regeneration frequency. Calli obtained after fusion were 
highly compact and green compared to parental calli, 
which were fragile and yellowish green in nature. There 
was significant difference in the regeneration potential 
of hybrid callus compared to parental protoplast callus. 
The regeneration frequency from protoplast-derived calli 
of H. muticus and A. belladonna protoplasts was 80% 
and 60%, respectively. However, the regeneration fre¬ 
quency of callus obtained after fusion was extremely 
high (100%), i.e. whole of the callus would transform 
into regenerants. Similar screening for somatic fusion 
product was reported in other plant species where no 
selection system was available®"^ ^ 

Amongst the different callus lines studied, plants 
regenerated from four selected calli were peculiar as 
some regenerants showed intermediate phenotype 
(Figure 1). From four such callus lines, 15 plants 


showing intermediate phenotypes were obtained and 9 
of these plants were transferred to glasshouse. These 
plants flowered within 9-10 weeks of transfer to soil. 
The flower morphology in such plants was different 
from the parental types. The flowers had larger petal 



Figure 1. Morphological variation amongst fusion-derived regenerants 
as compared to parents, a, H. muticus (left), A. belladonna (right) and 
fusion-derived regenerant (middle); b. Leaf morphology of H, muticus 
(left), A. belladonna (right) and fusion-derived regenerant (middle). 


Table 2. Chromosome analysis of the calli obtained after fusion between A. belladonna 
{In = 72) and H. muticus (2n = 28) and their regenerants 

Roots* of regenerated plants 


Replicate 


Callus 

lines 



Asymmetric phenotype 

no. 

1 

2 

3 

4 

OjllUllCUlw 

phenotype 

A. belladonna 

H. muticus 

1 

110 

65 

105 

92 

100 

81 

40 

2 

105 

87 

140 

95 

105 

86 

56 

3 

102 

86 

130 

101 

102 

70 

30 

4 

107 

83 

125 

107 

103 

56 

25 

5 

85 

82 

97 

100 

100 

96 

28 

6 

— 

120 

100 

— . 

103 

100 

42 

7 

— 

100 

— 

— 

100 

53 

24 

8 





108 

62 

28 

9 





104 

72 

32 

10 





— 

73 

38 

11 





— 

IS 

28 

12 





— 

82 

39 

13 





— 

72 

28 

14 






— 

28 


*A minimum of 10 samples for each tissue were investigated for chromosome analysis. 
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size compared to parents. They also differ in number 
of petals (6) and stamens (6) compared to parents (5). 
The shape and colour of anther was changed to heart- 
shaped white compared to rod-shaped purple in the 
parents. 

These four selected callus lines in subsequent culture 
passage gave rise to two types of regenerants resembling 
H. muticus and A. belladonna. The regenerants included 
12 asymmetric hybrids resembling A. belladonna and 
17 resembling H. muticus. In a similar finding both 
Arabiodopsis and Brassica plants were found to 
regenerate from the same hybrid callus during the culture 
passage^^. 

Table 2 shows mitotic chromosome analysis of selected 
calli and regenerated shoots showing intermediate 
phenotype (symmetric hybrids) or resembling the parental 
types (asymmetric hybrids). In the hybrid callus the 
chromosome number ranged from 83 to 140. Few 
regenerants which possessed intermediate phenotype 
showed chromosome numbers between 100 and 108. Of 
the asymmetric hybrid plants, those resembling A. bella¬ 
donna possessed 56 to 100 chromosomes and those 
resembling H. muticus was 24-56. The cytological 
analysis of the chromosomes for the plants resembling 
A. belladonna showed a few larger-sized chromosomes 
of H. muticus (Figure 2 c,d). The H. muticus type of 
regenerants showed the presence of smaller-sized 
chromosomes of A. belladonna. This could have resulted 
in the production of asymmetric hybrids. Cytological 
anomalies such as elimination of chromosomes, unequal 
separation of chromosomes with the presence of laggards 
and multipolar orientation of chromosomes during 
anaphase were observed when the calli were observed 
after several subcultures (Figure 2e,f). 

The chromosome elimination subsequent to somatic 
hybridization was found to occur in most of the fusion 
studies. Chromosome elimination was observed in fusion 
involving Arabiodopsis thaliana and Brassica 
campestris^^. In a study on the fusion between A. bella¬ 
donna and N. chinensis the elimination of parental 
chromosomes has been observed. In most of the cases 
species-specific elimination takes place'"^*^. Similar find¬ 
ings were also obtained in studies on somatic hybridiza¬ 
tion between A. belladonna and Datura innoxia^''. The 
phenomenon of chromosome elimination in the present 
study can be exploited for raising asymmetric hybrids 
and may be used for limited gene transfer as has been 
reported earlier with other crops^l The present work 
indicates the possibility of producing an intergeneric 
somatic hybrid between two medicinally important plants 
in the absence of a selection system. 
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Mechanism of wound healing 
induced by chitosan in streptozotocin 
diabetic rats 

A. Naseema, Pius S. Padayatti and C. S. Paulose 

Molecular Neurobiology and Cell Biology Unit, Centre for Biotech¬ 
nology, Cochin University of Science & Technology, Cochin 682 022, 
India 

Diabetes mellitus is a common metabolic disorder 
associated with many pathological conditions. 
Prolonged or incomplete wound healing is one among 
them. This is due to poor blood circulation, alterations 
in circulating constituents, abnormal platelet aggrega¬ 
tion and decreased fibrinolytic activity. The aim of 
the present study was to envisage the role of chitosan 
in wound healing and to investigate its effect in 
normalizing the aggregation pattern of platelets in 
diabetes. At very low concentrations, chitosan has no 
effect on platelet aggregation, while high concentrations 
can aggregate the platelets. Chitosan is not capable of 
reversing the increased rate of aggregation in diabetic 
platelets. The number of platelets which may affect the 
normal clotting process were also significantly lower 
in diabetic rats. Chitosan was found to be a good 
wound-healing agent, even though it does not reverse 
the altered platelet aggregation. Chitosan may be en¬ 
hancing wound healing by some other mechanism in¬ 
dependent of its effect on platelet aggregation. 

Diabetes mellitus is caused by decreased secretion of 
insulin by the P cells of Islets of Langerhans, lack of 
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glucose-metabolizing enzymes and gluconeogenesis from 
noncarbohydrate sources. This disease is associated with 
many pathological conditions. Prolonged or incomplete 
wound healing is one among them. This is due to poor 
blood circulation, alterations in circulating constituents, 
abnormal platelet aggregation and decreased fibrinolytic 
activity. Platelet aggregation is of primary importance 
in normal haemostasis. When a blood vessel is cut, a 
platelet plug is formed by the process of platelet aggre- 
gation^ So any change in platelet function or in platelet 
number can finally lead to a difference in the blood-clotting 
process, which, in turn, causes prolonged wound healing^. 
Poor blood circulation makes diabetics prone to infection 
of the foot, commonly called diabetic gangrene. 

In some recent studies, agonists like ADP, hydrogen 
peroxide, thrombin, etc., were used to understand the 
process of platelet aggregation. Many workers reported 
the effect of chitosan as an enhancer in wound healing. 
Chitosan in solution coagulates red cell membranes. It 
is this property of chitosan which finds wide applications 
in the field of neurosurgery and wound healing^ 

In the present study our aim is to envisage the role 
of chitosan in wound healing in diabetes and to inves¬ 
tigate the effect of chitosan in normalizing the altered 
platelet aggregation in diabetes mellitus. 

Animals used were Sprague Dawley strains of rats 
with - 200 gm body weight. They were maintained on 
gram (Cicer arietinum) and tap water supplied ad libitum. 

For wound-healing studies, female rats were used. 
They were divided into group I (control rats), group II 
(control rats with chitosan powder applied to artificial 
wounds), group HI (diabetic rats), group IV (diabetic 
rats with chitosan powder applied to artificial wounds). 

Animals used for platelet aggregation studies were 
classified into group I (control animals) and group II 
(diabetic animals). 

Diabetes was induced using streptozotocin (STZ)"^. 
Body weight and blood glucose levels were measured 
throughout the experimental period. Glucose level from 
tail vein blood was estimated with, GOD-PAP method 
by using a glucose kit (Merck). 

In order to examine the process of wound healing, 
two artificial wounds, one on the back of the neck and 
the other on the leg, were made in the above four 
groups of animals by removing the cutis and subcutis 
(2-3 cm long). Then these artificial wounds in group II 
and group IV animals were treated with chitosan powder 
and the other two groups were left as such. Wound 
healing was assessed visually. 

Platelets were prepared by collecting blood from tail 
vein of control and diabetic rats using the method of 
Domino et al.^. Platelets were counted using haemocyto- 
meter under phase contrast microscope^. Platelet aggregation 
was assayed using the method of Jamaluddin and Krishnanl 
The PRP was diluted to make it 7 x 10^ cells/ml of the 
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experimental solution. The agonist used was 1 mg/ml 
chitosan solution. The agonist concentration used varied 
from 15 to 60|ig. 

For finding out the initial rate of platelet aggregation, 
the number of single platelets was counted by withdraw¬ 
ing the sample at zero time and at various intervals 
after adding the agonist from a cuvette kept outside the 
spectrophotometer and counted immediately for finding 
out the percentage of single platelets^. 

Streptozotocin administration caused an elevation in 
the blood glucose level, decrease in body weight and 
increase in water uptake in all experimental animals 
(group II) (Table 1). 

At very low concentrations of the agonist (3-15 M<g/ml), 
the turbidity was found to increase as a function of 
time up to a particular point, which then stabilized in 
both control and diabetic samples (Figure 1). 

At high concentrations of chitosan (50-60 |LLg/ml), the 
turbidity increased first and then decreased rapidly and 
stabilized. The normal agonist epinephrine also showed 
the same pattern of aggregation (data not shown). In 
diabetic samples the aggregation started within 10 s, 


Table 1. General characteristics of experimental rats 



Blood glucose 

Body weight 

Water uptake 


level (mg/dl) 

(g) 

(ml) 

Control 

96.4 ±3.0 

170.0 ±3.5 

17.7±1.1 

Diabetic 

256.9 ±26.0* 

147.5 ±7.3* 

61.0 ±6.7* 


Values are mean ± SEM of 5~6 separate experiments. 
*/^<0.05 compared to control. 



Figure 1. Platelet aggregation pattern induced by low concentrations 
of chitosan in control (•) and diabetic (O) rat platelet-rich plasma. 
Values are mean ± SEM of 4-6 separate experiments. 
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while in control it started within 20 s (Figure 2). The 
decrease in turbidity was associated with a decrease in 
the percentage of single platelets. The initial rate of 
aggregation (r^) obtained showed significant increase (P< 
0.05) in diabetic samples compared to controls (Figure 3). 



- %me/ (i/rv s^o^tidsf) 


Figure 2. Platelet aggregation pattern induced by high concentrations 
of chitosan in control (•) and diabetic (O) rat platelet-rich plasma. 
Values are mean ±SEM of 4-6 separate experiments. 



(mmAe/v oeiis/lfv m/Mixpnf) 


Figure 3. Changes in spectrophotometrically determined initial rates 
(r^) of chitosan-induced aggregation of control (•) and diabetic (0) 
rat platelet-rich plasma as function of platelet concentration. The lines 
were drawn to show deviation of data from linearity. Tq was calculated 
from the graph of percentage of single platelet (on Y axis) against 
time (on X axis). The slope of the graph is expressed as r^. 


The number of platelets in diabetic rats was significantly 
less (P<0.05) compared to control rats (Table 2). 

Visual observation of chitosan applied on artificial 
wounds in experimental animals showed considerable 
difference in wound-healing capability compared to con¬ 
trols without chitosan treatment. The chitosan-applied 
wounds in diabetic and control rats healed much earlier 
than the wounds without chitosan treatment (Table 3). 

The significant elevation of blood glucose level, 
decrease in body weight and increase in water uptake 
in STZ-induced diabetes mellitus is due to altered car¬ 
bohydrate metabolism brought about by selective destruc¬ 
tion of Islet p cells by the toxin®. 

From our findings it was observed that very low 
concentrations of chitosan did not enhance platelet 
aggregation. From their study Olsen et al? reported the 
mechanism by which chitosan induces gel formation 
with RBC, shown to be due to interaction of the 
positively charged chitosan polymers with receptors con¬ 
taining neuraminic acid residues on the cell membrane. 
The mechanism behind the interaction between platelets 
and chitosan may be in the same pattern. At very low 
concentrations there may be inadequate binding sites for 
chitosan. This may be the reason why low concentrations 
of chitosan did not enhance platelet aggregation. 

We observed enhanced platelet aggregation with high 
concentrations of chitosan. The optical density, which 


Table 2. Platelet counts in diabetic and control rats 



Animal status (Numbers/ml of blood x 10^) 


Male 

Female 

Control 

Diabetic 

2.45 ±0.16 

1.69 + 0.04* 

3.16 + 0.26 

1.87 ±0.10* 

Values are mean±SEM of 4-5 separate experiments. 

*P<0.05 compared to control. 

Table 3. Visual observation of wound healing in control and ex¬ 
perimental rats 

Days Control 

Control + 
Diabetic chitosan 

Diabetic + 
chitosan 


1 

2 

3 

4 


5 


6 

- 

- 

+ 

- 

7 

- 

- 

-1- 

-h 

8 

- 


+ 

-i- 

9 

- 

_ 

+ 


10 

- 

- 

+ 

+ 

11 

- 

- 

+ 


12 

- 

- 

+ 

+ 

13 

+ 


+ 

+ 

14 

-t- 

- 

+ 

-t- 


No healing. 

+, Complete healing. 
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is a direct measure of turbidity, increased first and then 
decreased. Many workers have reported the pattern of 
ADP-induced platelet aggregation^ The pattern of 
chitosan-induced aggregation resembles the ADP-induced 
pattern. Thus, chitosan can act as a normal agonist like 
ADP. The initial increase in optical density was reported 
to be due to shape change of platelets 
In the present study we observed increased platelet 
aggregation in diabetic condition. This can be explained 
by the findings of many workers. In 1972, Kwaan etal}^ 
found out that there is significant increase in ADP- 
induced platelet aggregation in diabetic samples com¬ 
pared to controls. Aggregation in washed platelets from 
rats with diabetes was enhanced; this results in prolon¬ 
gation of thrombogenesis^^. Platelet aggregation in 
response to ADP in washed platelets was increased in 
diabetic animals compared to controls. This is due to 
increased platelet size in diabetic animals In vitro 
platelet hyperaggregation was found induced with 
epinephrine in diabetic condition 
The observed significant decrease in the number" of 
platelets in diabetic rats can be explained as follows. 
Zucker explains in his study that in severe atherosclerosis 
and in diseases such as thrombosis and diabetes, in 
addition to the growth factor, two other substances, 
platelet factor-4 and (i thromboglobulin are released in 
large amounts, resulting in their rapid depletion from 
the circulation^^. So the observed decrease in platelet 
number in both sexes of animals during diabetes may 
be related to altered secretory function of platelets. The 
decreased platelet number directly affects the platelet 
plug formation, which is an essential step involved in 
blood clotting. But from a visual observation we found 
that chitosan enhances wound healing in diabetic con¬ 
dition. Our result also showed that chitosan cannot 
normalize platelet aggregation in diabetic conditions. 
These two results point out that there is no relation 
between chitosan-induced platelet aggregation and wound 
healing. Biagini et al}^. reported that in patients under¬ 
going plastic surgery, the donor sites were treated with 
A-carboxybutyl chitosan, which enhanced wound healing. 
This A^-carboxybutyl chitosan leads to formation of 
regularly organized cutaneous tissue and reduces 
anomalous healing. Although chitosan was not found to 
help in normalizing the altered platelet aggregation, it 
helps in wound healing. Thus, chitosan-induced enhanced 
wound healing in diabetes observed in the present study 
may be due to organization of newly formed tissue and 
thus help in damage repair. 

In conclusion this study presents the effect of the bioactive 
polymer chitosan in wound healing in diabetes mellitus. 
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Permeability of cuticle of Helicoverpa 
armigera (Hiibner) larvae to 
deltamethrin 

A. P. Padma Kumari, A. Phokela and K. N. Mehrotra 

Division of Entomology, Indian Agricultural Research Institute, New 
Delhi 110 012, India 

Permeability of the cuticle of H, armigera larvae to 
deltamethrin has been studied in three populations 
originating from Delhi, Sirsa and ICRISAT. Delayed 
penetration of topically applied ^'‘C-deltamethrin was 
observed in the Sirsa population. This suggests that 
the permeability of the cuticle plays an important 
role in imparting resistance in the Sirsa population, 
whereas in Delhi and ICRISAT populations it is not 
very important. 

Reduced permeability of the cuticle may be a factor 
conferring resistance in insect pests to insecticides^'^. 
Helicoverpa armigera (Hiibner) has acquired resistance 
to synthetic pyrethroids (SPs) in major parts of India^"^'^. 
Recently, by a very indirect method some evidence was 
presented to suggest that the cuticle may, perhaps, play 
some role in manifestation of resistance to SPs in E. 
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armigera populations of Australia^. This led us to 
reinvestigate the pemmeability of cuticle to H. armigera 
larvae obtained from three widely separated areas, Sirsa 
(Haryana), Delhi, and ICRISAT, Andhra Pradesh. We 
report here that the reduced permeability of the cuticle 
plays a significant role in imparting resistance to H. 
armigera populations originating from Sirsa. 

Final instar larvae of H. armigera used in the present 
study were collected from chickpea fields in Delhi, from 
cotton fields in Sirsa (village Balasar) on cotton and 
from weeds at ICRISAT. The Sirsa population had been 
subjected to local practices of plant protection prevalent 
in that area. But all the populations were conditioned 
on artificial diet^^. For studying permeability, 0.1 |ig 
^"^C-deltamethrin, about 80,000 Bq in one microlitre of 
methanol, was applied on the thoracic dorsum of the 
final instar larvae (weighing 350-375 mg), using an 
electrically operated microapplicator. Larvae treated for 
different time intervals were held in scintillation counting 
vials without any food. At intervals of 10 min, three 
larvae were washed individually with 5 ml of the scin¬ 
tillation mixture (0.55% w/v 2,5-diphenyl oxazole in 
2 : 1 toluene and methyl cellosolve). These washings, 
having the remaining deltamethrin on cuticle, were esti¬ 
mated in a liquid scintillation counter^^. The percentage 
of the remaining activity on the thoracic dorsum when 
plotted (on log scale) against time gave a straight line, 
suggesting that deltamethrin followed a first-order 
kinetics in permeating the cuticle. The value was 
computed for all the three populations. 

The permeability of cuticles in Delhi and ICRISAT 
populations did not differ and was almost the same as 
that observed earlier^^. However, the permeability was 
significantly different in populations originating from 
Sirsa. The computed value was 42.00 min for the 
Delhi population and 39.96 min for the ICRISAT popula¬ 
tion. In contrast to this, was 71.91 min for the Sirsa 
population (Table 1). This indicated that ^"^C-deltamethrin 
had taken almost twice the time to penetrate the cuticle 
of the Sirsa population than the other two. The per¬ 
meability of the cuticle of all the three populations was 
observed to be monophasic and followed first-order 
kinetics (Figure 1), which was similar to that reported 
earlier for insect cuticle and animal integuments It 
may also be mentioned that in a set of experiments on 


Table 1. Permeability of the cuticle of final instar larvae of 
H. armigera 


Location 

^0.5 

Regression equation 

F 

Delhi 

42.00 

Y = 2.0 - 0.00716X 

0.9445 

ICRISAT 

39.96 

Y = 2.0 - 0.00754X 

0.6789 

Sirsa 

71.91 

Y = 2.0-0.00419a: 

0.9456 


Note: is the time required for penetration of 50% of the 

applied dose. All values were significant at 5% level. 



Time (min) 


-"‘Sirsa -FICRISAT ^Delhi 


Figure 1. Permeability of H. armigera larval cuticle to ^"^C-delta- 
methrin. 

the metabolism of ^"^C-deltamethrin it was found that 
metabolism was high in the microsomal fraction of 
cuticular homogenates of the Sirsa population than in 
the same of the Delhi population, the ratio being about 
2: 1 between Sirsa and Delhi. These results, therefore, 
suggest that poor permeability of deltamethrin along 
with high rate of metabolism in the cuticle itself was 
important in imparting resistance to the Sirsa population. 
It is likely that H, armigera populations have developed 
resistance to SPs by different mechanisms in different 
geographical/agro-ecological zones of the country. It is 
also possible that in the Sirsa population the cuticle is 
an important factor contributing towards resistance. Thus, 
the present studies suggest that ‘PEN’ mechanism, as 
suggested by Gunning et al}^ in Australian strains, may 
play a prominent role in imparting resistance to SPs in 
the Sirsa population. 
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The ‘basic’ vs the ‘evolved’ 


Quark and Jaguar, M. Gel-Mann. Little 
Brown and Co., London. 1994. 392 pp. 
Price: £ 18.99. 

That Murray Gell-Mann’s latest book 
gives the pride of place to the quark as 
the most basic building block of matter 
will presumably not be contested by its 
less dramatic partner, the lepton, since it 
must be 'aware’ of the ‘creator’, in com¬ 
pany with another genius^ of this bizarre 
yet most concrete of all objects, especially 
after the announcement of the last and 
most elusive member^ of the series. How¬ 
ever, the corresponding privilege for the 
jaguar to qualify as a prototype for the 
most complex adaptive system on earth 
is more a matter of personal taste. (The 
choice could well have fallen on, say, 
the giraffe^ if it were a different author). 
In any case one cannot but feel a sense 
of admiration for the poet (Arthur Sze) 
who had both the words (the quark and. 
the jaguar) in his poetic dictionary and 
thus captured the literary fancy of the 
great physicist. This is somewhat reminis¬ 
cent of an earlier occasion (three decades 
ago) when James Joyce, through his 
Finnegans Wake^, had (inadvertently?) 
supplied the ‘name’ of the first member 
of this book. 

While the title of a book is largely the 
prerogative of the author, the more 
relevant issue is the subject matter and 
the language in which it is intended to 
be conveyed. The general tone and the 
tenor of the book seems to be in keeping 
with the trend set by some of the author’s 
distinguished contemporaries (Feynman 
and Dyson) to write personal glimpses 
on physics in an ‘autobiographical’ style, 
but since the author himself disclaims 
any autobiographical intentions, one must 
look for other, say educational, motiva¬ 
tions designed to convey to the lay reader 
the significance of major discoveries in 
a frontline field in a sufficiently nontech¬ 
nical language without too much sacrifice 
of rigour. Even such ventures are no 
longer considered novel, since after the 
debut of the Tao of Physics^ nearly two 
decades ago, many impressive literary 
pieces dealing with abstract concepts in 
physical and mathematical sciences in a 
nontechnical manner by professional 
scientists of great distinction have 
appeared on the scene^’^. And now Gell- 


Mann has joined this select club with his 
own ‘coup de grace’. In view of the 
great stature of the author, this book is 
bound to attract a good deal of attention, 
as well as an inter-se comparison with 
some of the classics^’’ on cosmology on 
the one hand and other equally authori¬ 
tative treatises^ on a major aspect (chaos) 
of its theme on the other. Without presum¬ 
ing to pass a hasty judgement on the 
book, the issue of immediate concern is 
its ‘thrust’, together with the nature of 
the emphasis that the book wishes to 
convey. 

What is the main thrust of the book? 
Fortunately, the distinguished author has 
himself provided enough summary on his 
own (at both ends of the book) to obviate 
any need on the reader’s part to make 
an independent inference in this regard. 
The book is written in an intensely per¬ 
sonal style and is studded with examples 
taken from the author’s own experiences 
from family and friends alike. The entire 
setting is centred around the Santa Fe 
Institute (SFI) of Interdisciplinary Studies, 
which the author founded about a decade 
ago (after taking an early retirement from 
his home institution - Caltech) and which 
now represents his principal scientific 
base. Shorn of such personal details, the 
book is presented in four parts, in an 
obvious attempt to address a whole gamut 
of information, from ‘the simple: a quark 
inside an atom’ to ‘the complex: a jaguar 
prowling its jungle territory in the night’, 
together with the innumerable inter¬ 
relationships among the various com¬ 
ponents that make up the whole and are 
continually showing dynamical manifes¬ 
tations in an ever-growing evolutionary 
scenario. 

The first part of the book is an attempt 
to describe the relationships between the 
concepts of simplicity and complexity, 
especially of complex adaptive systems 
(CAS)-child learning a language, bac¬ 
teria developing resistance against an¬ 
tibiotics, human scientific enterprise, and 
so on. The role of theory in science is 
discussed, ‘as well as the issue of which 
sciences are more fundamental than 
others’, along with the related question 
of reductionism. The second part deals 
with the fundamental laws of physics, 
those governing the cosmos and the 
elementary particles, out of which all 
matter in the universe is composed. Here 
the quark comes into its own (as does 
its creator); so do superstrings, which the 


author believes ‘for the first time in 
history’ to ‘offer the serious possibility 
of a unified theory of all particles and 
forces of nature’. The third part is devoted 
to the various selection pressures operat¬ 
ing in complex adaptive systems, ‘espe¬ 
cially in biological evolution, human 
creative thinking, critical and superstitious 
thinking’ (which he strongly condemns), 
and some aspects (including economic 
ones) of the behaviour of human societies. 
Many ad hoc concepts, such as fitness 
and fitness landscapes are introduced 
along the way. The fourth and final part 
is concerned with policy matters (not 
science) and ‘with advocacy’. (This 
reviewer hopes that the last phrase does 
not imply that the author considers science 
to be so objective as to be above policy 
and advocacy, since science does seem 
often to exhibit a high degree of subjec¬ 
tivity at the operational level)^’^^. 

Now to some essential details concern¬ 
ing the different parts of the book. The 
most serious discussion (understandably) 
concerns the second part, which bears 
the characteristic imprint of the author’s 
seminal contributions to elementary par¬ 
ticle physics during the fifties and sixties 
(including the quark proposal among other 
things), as well as some fresh ‘hard 
physics’ on the foundations of quantum 
mechanics (carried out at his SFI). Since 
this topic dealing with the deeper issues 
of ‘measurement’ and ‘paradoxes’ is rela¬ 
tively new and still confined to the pages 
of technical journals, its wider appeal to 
the scientific community at large warrants 
some elaboration in this review (see 
below). However, the other, more familiar 
topics of the second part, as well as some 
from the first part, are treated rather 
briefly (within the limited space avail¬ 
able), while Parts 3 and 4 are too 
‘righteous’ (and personalized) for a cogent 
review. 


Complex adaptive systems 

Much of the discussion in Part 1 is taken 
up with a discursive analysis of complex 
adaptive systems (CAS), their patterns of 
evolution by acquiring information about 
their respective environments through 
their own interactions with the latter, 
identifying regularities in the information, 
condensing the (abstracted) regularities 
into a kind of schema or model, and 
acting in the real world on the basis of 
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that schema. Their capacity to learn from 
experience is itself a product of biological 
evolution, which in turn gives rise to 
other new types of CAS (e.g. immune 
system in mammals). Indeed, a CAS 
generally has a tendency to generate other 
such systems in turn. They are, of course, 
subject to the laws of nature, which them¬ 
selves rest on the fundamental physical 
laws of matter and the universe. And 
(over and above the quantum-mechanical 
(q.m.) effects) indeterminacies arise, even 
in classical motion, partly due to an 
approximate knowledge of the initial con¬ 
ditions and partly due to measurement 
imperfections. The latter give rise to 
CHAOS^\ which tends to amplify the 
resultant indeterminacies (whether from 
q.m. effects and/or from measurement 
imperfections) to macroscopic levels. The 
entire discussion is studded with a rich 
vocabulary of terms with subtle distinc¬ 
tions in their meaning, depending upon 
the context of their use. Different types 
of complexity, along with several asso¬ 
ciated concepts (conciseness, crudity, 
algorithmic information content, informa¬ 
tion, compression, randomness, effective 
complexity, direct adaption vs CAS) 
abound in the text. 

In Gell-Mann’s view, the concept of 
CAS is well illustrated by the human 
scientific enterprise. The schemata are 
theories, and what takes place in the real 
world is the confrontation between theory 
and observations. This is strongly reminis¬ 
cent of Holton’s^^ definition of themata 
along with the associated concept of the 
contingent plane, which Holton had 
developed very systematically in the early 
seventies. (A summary of the main ideas 
involved may be found in ref, 10). In 
this regard Gell-Mann strongly endorses 
the dictum of philosopher Karl Popper 
concerning the falsifiability (by ex¬ 
perimentation) of scientific theories. His 
views on the scientific enterprise as a 
self-correcting process (despite occasional 
abuses) as well as his endorsement of 
the themes of simplicity and unification 
in physical theories are quite standard, 
but his joining the issue, on grounds of 
semantics, with a distinguished contem¬ 
porary thinker, Thomas Kuhn on his semi¬ 
nal theme of paradigm shifts^ does not 
seem to carry the same degree of con¬ 
viction. 

Gell-Mann goes into great lengths in 
analysing the powers of theory at suc¬ 
cessively deeper levels of operation. 


stressing in the process its unifying role 
in bringing together apparently unrelated 
phenomena under a more transparent pat¬ 
tern which reveals their relationships, thus 
facilitating a more ‘compressed’ (com¬ 
pact?) description. He illustrates the idea 
with the simple example of how a rela¬ 
tively empirical model like Zipf’s law 
has eventually evolved in the hands of 
deep thinkers (like Mandelbrot) into some¬ 
thing quite profound: fractal behaviour 
and scale independence. (One may add 
in parentheses that it already has the 
germs of renormalization group theory). 
In this context he introduces several 
related terms like depth and crypticity as 
a sort of figure of merit for theorizing. 

The quantum universe 

Coming to the fundamental laws of matter 
and the universe, the distinguished 
physicist is at last on his own territory 
where he has every reason to look back 
with satisfaction at the culmination of his 
quark proposal*’"^ into the standard model 
of today. For good reasons he does not 
obviously believe in the finality of the 
so-called grand unified theories. He also 
does not have good words to say about 
Einstein’s mental faculties during his 
twilight years of research on a unified 
field theory, pointing out several specific 
flaws in his approach due to the neglect 
of fields (weak and strong) other than 
the gravitational and electromagnetic as 
well as fermion fields, and, most impor¬ 
tantly, the need to construct a unified 
theory within the framework of quantum 
mechanics. On the other hand, he seems 
to believe that Einstein’s dream may at 
last have been realized with the super¬ 
string theory, which in his view has the 
right ingredients to accomplish the 
unification, since it predicts in a natural 
way the existence of the graviton within 
its broad framework. In particular, the 
heterotic superstring theory, which reali¬ 
zes this crucial quantum in a (concep¬ 
tually) convincing fashion seems to fit 
the bill quite well without mnning into 
the perennial problems of infinities. 
Reasons? (i) It explains the great multi¬ 
plicity of particles discovered and yet to 
be discovered in the laboratory, (ii) It 
does not contain any arbitrary particles 
or forces, (iii) It emerges from a simple 
and beautiful ’principle of self-consistency 
(which dates back to the bootstrap idea of 
the sixties just preceding the quark model). 


Even if the superstring turns out to be 
eventually ‘correct’, its claims to TOE 
(theory of everything) is still beset with 
other problems. For, the actual evolution 
of the universe depends not only on the 
physical laws but also on the initial con¬ 
ditions plus the unknown effects of quan¬ 
tum fluctuations, which in turn are closely 
linked with the ‘arrow of time’ (On this 
topic, a nontechnical yet highly readable 
description may be found in ref 6). 
Regarding the initial conditions, Gell- 
Mann recognizes that a good candidate 
is one already suggested by the Hawk- 
ing-Hartle theory^, viz. the no-boundary 
condition, which, along with the (weak) 
anthropic principle, is apparently able to 
account for the arrow of time^. On the 
other hand, Gell-Mann himself believes 
that since the laws of physics are quan¬ 
tum-mechanical (not deterministic) and 
permit only the calculation of probabilities 
of various alternative histories of the 
universe that describe different ways 
events could play themselves out (given 
the initial conditions), information about 
which of those sequences of events is 
actually occurring can be gathered only 
from observation and is supplementary 
to the basic laws themselves. And further, 
each alternative history of the universe 
depends on the results of an inconceivably 
large number of accidents. The chance 
outcomes of the latter (a la quantum 
mechanics) have ‘determined’ almost 
every aspect of evolution - from the 
universe in general to the various biologi¬ 
cal species on earth. Thus, the algorithmic 
information content of each alternative 
history of the universe merely gets a tiny 
contribution from the ‘simple’ basic laws, 
but a gigantic contribution from all the 
‘quantum accidents’ that arise along the 
way! 

A modern view of quantum 
mechanics 

Some well-known paradoxes in quantum 
mechanics - the Schrodinger cat and the 
EPRB paradox in particular - have 
generated much controversy and learned 
discourse in the recent literature. In this 
book a new perspective is offered on 
these and related issues on the basis of 
Hugh Everett’s theory of wave function 
of the entire universe, which has since 
been explored by many authors, including 
the famous Hawking-Hartle formulation 
with the same title. Gell-Mann and Hartle 


468 


CURRENT SCIENCE, VOL. 69, NO. 5, 10 SEPTEMBER 1995 



BOOK REVIEWS 


have since investigated the foundations 
of quantum mechanics on these lines with 
a view to clarifying the working of the 
latter in the quasiclassical domain. Briefly, 
the picture which makes free use of the 
notion that a given system can have 
different possible histories, each with its 
own probability, is as follows: Suppose 
a set of alternative histories of the universe 
is specified, and that these histories are 
exhaustive and mutually exclusive. Rather 
paradoxically, quantum mechanics does 
not always assign a probability to each 
one. For a pair of such histories a neces¬ 
sary condition for a meaningful assign¬ 
ment of their respective probabilities is 
that they do not interfere with each other. 

What is the condition of noninter¬ 
ference? The more fine-grained the history 
is, the more are the chances of inter¬ 
ference. Therefore, in order to have actual 
probabilities it is necessary to consider 
histories that are sufficiently coarse¬ 
grained, since coarse-graining can wash 
out interference terms. In particular, if 
the interference term between each pair 
of coarse-grained histories is zero to a 
very good approximation, then all the 
coarse-grained histories are said to 
decohere, and one gets tme probabilities. 

But why does decoherence occur? It 
is the ‘entanglement’ of what is followed 
in the coarse-grained histories with ‘what 
is ignored or summed over’ that holds 
the key to the said mechanism. This does 
not give anything effectively new in the 
classical or quasi-classical domains, but 
helps solve several standard puzzles where 
quantum effects are apparently important. 
Thus, in the famous example of the 
Schrddinger cat, the alleged quantum 
interference between the live and dead 
cat scenarios can be explained away by 
the fact that there is plenty of opportunity 
for decoherence between the coarse¬ 
grained histories in which the cat lives 
and the corresponding histories in which 
the cat dies. Thus, the live and dead cat 
scenarios decohere, hence no interference. 

By and large a very similar mechanism 
is involved in the Einstein-Podolsky 
Rosen-Bohm (EPRB) experiment con¬ 
cerning the decay of a spinless particle 
at rest into two photons wherein the state 
of polarization (circular or plane) of one 
is supposed to ‘determine’ that of the 
other. Now quantum mechanics says that 
both linear and circular polarizations can¬ 
not be simultaneously specified (these 
alternatives ‘sit’ on different branches of 


history, and cannot be considered 
together), while Einstein’s ‘completeness’ 
would imply simultaneous assignments 
for both, perhaps through some ‘hidden 
variable’ mechanism. To distinguish 
between these two possibilities, Bell^^ 
had found some testable inequalities for 
the correlation function of the two photon 
polarizations wherein the latter could at¬ 
tain values in quantum mechanics that 
are not allowed in a classical hidden 
variable theory. 

Subsequent experimentation (by Allan 
Aspect) confirmed the quantum-mechani¬ 
cal result, but led to a flurry of specula¬ 
tions about quantum mechanics showing 
bizarre properties, the implication being 
that measuring the polarization (circular 
or plane) of one photon somehow affects 
the other photon. On the other hand, 
there is nothing mysterious in all this 
according to the logic of decoherence 
given above, since the measurement 
process does not cause any physical effect 
to propagate from one photon to the 
other. Thus, if on a particular branch of 
history, the plane of polarization of the 
one photon is measured (and thereby 
specified with certainty), then on the same 
branch of history the plane polarization 
of the other photon is also specified with 
certainty. On a different branch of history, 
the circular polarization of one of the 
photons may be measured, in which case 
again the circular polarization of the other 
photon is also specified with certainty. 
This does not imply any signal from one 
photon to the other in the actual experi¬ 
ment; hence, no action at a distance is 
involved despite the seemingly instan¬ 
taneous effect, implying faster-than-light 
propagation. Indeed, the physicist in the 
author comes down heavily on such dis¬ 
tortions in the literature. 

Summary and conclusion 

As for the third and fourth parts of the 
book, no attempt is made at further 
abstraction, except to draw some con¬ 
clusions from the author’s own 
‘afterword’ (Chapter 23): The book is 
not a treatise, but a mnning commentary 
on the various multidisciplinary researches 
in progress at the SFI. Running through 
the entire text is an essential ‘interplay’ 
between the fundamental laws of nature 
and the operation of chance, since the 
fundamental laws are quantum-mechanical, 
and quantum mechanics supplies only 


probabilities for alternative coarse-grained 
histories of the universe. This often results 
in their branching, with related proba¬ 
bilities. On certain branches and at certain 
times and places in the universe the con¬ 
ditions are ripe for the evolution of CASs 
which function best in a regime inter¬ 
mediate between order and disorder. They 
exploit the regularities provided by the 
approximate determinism of the quasiclas¬ 
sical domain, and at the same time they 
profit from the indeterminacies in their 
quest for ‘better’ schemata. 

A CAS discovers ‘regularities’ in its 
incoming data stream by noticing features 
in common with its own, and emerges 
with a higher form of complexity through 
self-organization. When a CAS gives to 
a new kind of CAS, whether by aggrega¬ 
tion or otherwise, the same can be con¬ 
sidered a gateway event, e.g. the evolution 
of the mammalian immune system. And 
finally, many such features of biological 
evolution are found in other CASs such 
as human thought, social evolution and 
adaptive computing. All these systems 
keep exploring possibilities, opening up 
new paths, discovering gateways, and 
occasionally giving rise to new types of 
CAS. And the process goes on and on. 

Looking back on this broad-spectrum 
book, one wonders as to what kind of 
clientele it is intended for, since, apart 
from the contents of Part 2, the rest of 
the book, by the very nature of its scope, 
is too full of definitions and ad hoc 
concepts to do ‘coherent justice’ to the 
vast canvas of material that the author 
has taken upon himself to present to the 
readership. This is certainly an unenviable 
task, for its theme is much more diffuse 
and tentative (many of the conclusions, 
in the author’s own phrase, are the results 
of ongoing activities which are not yet 
firmly established) than e.g. the themes 
of other such books^’^, which are more 
focused and based on firmer investiga¬ 
tions. On the other hand, since the book 
is written in a nontechnical style, it must 
be assumed that it is meant for the widest 
possible audience, captive or otherwise. 
While the captive audience may be 
already aware of its contents along with 
the various jargons employed, one is not 
so sure if the general reader will find it 
equally enjoyable, despite the absence of 
technicalities. Moreover, the repeated 
emphasis on SFI and frequent references 
to the work of only a few personally 
known to the author (irrespective of the 
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depth of their investigations) does not 
quite make for a smooth reading from 
an educative angle, unless the reader were 
warned in advance that he was reading 
an autobiography. 

Gell-Mann has long been my hero in 
physics, perhaps next only to Feynman 
and Dyson. I had richer expectations from 
the entire book but was only partially 
rewarded with Part 2 of it 
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Functional Dynamics of Phytophagous 
Insects. T. N. Ananthakrishnan, ed. Ox¬ 
ford & IBH, 66, Janpath, New Delhi 
110 001. 1994. viii + 304 pp. Price: Rs 550. 


One-third of a million insect species are 
known to be phytophagous and constitute 
one-quarter of all living beings^ The 
number of recorded lepidopteran species 
alone, which are mostly phytophagous, 
is one order of magnitude greater than 
all species of birds and mammals put 
together-a staggering diversity which 
continues to overwhelm entomologists. 
The obvious success of phytophagy as a 
mode of life for insects testifies to their 
triumph in the evolutionary battle against 
plants. But plants have not been silent 
victims of insect onslaught either. They 


have waged their own evolutionary battle 
and what one sees today is a dynamic 
equilibrium in a continuing race. Inter¬ 
actions between insects and their host 
plants were first put into a comprehensive 
evolutionary perspective by Ehrlich and 
Raven’s^ classic paper, which triggered 
off an intense flurry of research activity. 
So strong has been its influence that 
almost all of plant morphology and plant 
secondary chemistry have since been attri¬ 
buted to selective pressure exerted by 
phytophagous insects. The book under 
review, coming close on the heels of 
another landmark publication in this area^ 
is a laudable attempt at summarizing the 
mind-boggling literature on ecological and 
evolutionary aspects, of insect-plant in¬ 
teractions. 

Is geographic variation in plant allelo- 
chemicals of any significance to insect 
herbivores? In their chapter Johnson and 
Scriber address this question with ex¬ 
amples from nonagricultural systems by 
dissecting out the ecogeographic variation 
in plant chemistry into historical, genetic, 
altitudinal and latitudinal factors. And 
how do phytochemicals alter insect be¬ 
haviour? The chapter by Norris gives a 
brief overview of the major classes of 
chemical messengers, which is followed 
by a detailed discussion on the mechanism 
by which insects respond to chemicals. 
The idea that many common chemical 
messengers are both elicited and perceived 
by sulphydryl/disulphide-dependent mecha¬ 
nism of the receptors is convincingly 
argued. His call for detailed investigations 
of chemical communication at electro¬ 
chemical level for a better understanding 
of cell-cell and environment-cell ex¬ 
change of chemically based energy would 
hopefully attract more chemists to bio¬ 
logy. The chapter on the physiological 
basis of feeding and oviposition behaviour 
in moths by Ramaswamy is an excellent 
review of the current knowledge on the 
role of proximate factors in host finding 
in moths. At the simplest level, host 
recognition and acceptance involves in¬ 
tegration of inputs from several sensory 
modalities such as vision, mechanorecep- 
tion and chemoreception. The internal 
metabolic state of the insect, the onto¬ 
genetic and phylogenetic influences on 
the mechanism of host selection add 
several levels of complexity to the 
dynamics of insect-plant interactions. 

Do plants possess chemicals that pro¬ 
vide both positive and negative stimuli 


and influence host selection? Dethier"^ had 
suggested that a balance of positive and 
negative stimuli could be present in the 
plants and the ultimate behavioural 
response of the insect depends on the 
balance between internal state of the insect 
as regards motivation and degree of satiety 
and external stimuli. This was further 
elaborated by Miller and Strickler^, who 
proposed a ‘rolling fulcmm model’ 
wherein the internal excitatory/depressor 
factors could tip the balance in favour 
of host acceptance or rejection. This issue 
is examined by Renewick and Huang in 
the chapter on chemical stimuli mediating 
oviposition by lepidoptera. The authors 
review their work with the Pieris-Crucifer 
system, wherein the host plants have 
chemicals that are both oviposition 
stimulants and deterrents. Their results 
show quite convincingly that final rejec¬ 
tion or acceptance of a host depends on 
the insect’s assessment of the balance of 
stimulants and deterrents. 

Ananthakrishnan, Venkatesan and Sri- 
dhar examine the effect of relative levels 
of nutrients and other chemicals like 
phenols, fatty acids and flavonoids in 
different plant parts on feeding and 
reproduction in the lepidopteran pest com¬ 
plex of cotton. The authors argue that 
this information can be of much use in 
managing insect pests of cotton by 
manipulating plant chemistry. Uthama- 
samy reviews the behavioural processes 
involved in host selection by the bollworm 
complex on different varieties of cotton. 
The emphasis here, however, is more on 
the effect of plant morphology on host 
acceptance by bollworms. 

‘Your enemy’s enemy is your best 
friend.’ That even plants believe in this 
is convincingly shown by Whitman and 
Nordlund in the seventh chapter. While 
reviewing the tritrophic interactions be¬ 
tween plants, herbivores and their natural 
enemies, the authors present evidence to 
show that plants actually ‘communicate’ 
with natural enemies of their enemies, 
i.e. with the enemies of herbivores. 
Damage by herbivores induces the plants 
to produce chemicals that not only attract 
but actually serve as road maps to the 
natural enemies of herbivores. The chapter 
ends with a tempting speculation that 
these chemical beacons, ‘kairomones’ as 
they are called, hold great potential for 
solving pest problems. 

Whitaker, Blum and Slansky Jr. attempt 
to trace the possible evolutionary path of 
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camivoiy in phytophagous insects. The 
authors appeal for more careful and 
detailed study of such facultative carni- 
vory since many instances of camivory 
are either overlooked or not reported. 

Another insightful and particularly en¬ 
joyable chapter also tackles the same 
theme, viz. plant defence against her¬ 
bivores through tritrophic interaction. 
Whitman takes us on a fascinating journey 
into the world of plants and the elaborate 
strategies (nonchemical) employed by 
them to defend themselves against her¬ 
bivores. The role of floral nectar, pollen, 
extrafloral nectaries, food bodies for ants, 
and domatia (shelters) in plant defence 
against herbivores by encouraging action 
of natural enemies is discussed in detail. 

Interaction between gall-inducing in¬ 
sects and their host plants is reviewed 
by Raman in perhaps the toughest chapter, 
if one were to consider the extent of 
information published. The burgeoning 
literature on adaptional integration of host 
plant and galling insect species, host 
chemistry, chemical ecology of host selec¬ 
tion, insect feeding, gall induction and 
the response of the host tissue is effec¬ 
tively summarized, but perhaps not suffi¬ 
ciently synthesized. 

When two organisms are so closely 
linked as a plant and its insect pest/guest, 
the extinction of one is bound to increase 
the chances of extinction of the other. 
The issue of host specificity, metapopula¬ 
tions and conservation, using Drosophila 
magnaquinaria and its host plant as the 
model system, is addressed in the last 
chapter and the impact of small patches 
of host plants on the populations of the 
monophagous fruit fly is discussed. 

All the chapters of this book, written 
by experts in their respective fields, are 
well researched. A more or less uniform 
presentation of chapters is also commen¬ 
dable for a multiauthored book as this 
one. The book, however, has its share 
of printer’s devils. For instance, ‘Lepido- 
ptera’ is spelt wrongly in the contents 
page and the legend to Figures on p. 253 
is incorrect. Although each chapter can 
be read independently, they could still 
have been arranged into smaller subsec¬ 
tions following a theme. Overall, the book 
offers a wealth of information to ento¬ 
mologists and will serve as an excellent 
companion volume to the recently pub¬ 
lished book on a related theme^. Undoub¬ 
tedly, it should find a place on every 
library shelf. But unless publishers in 


India produce inexpensive paperback edi¬ 
tions to accompany hard-cover library 
editions, the habit of buying books for 
personal use will surely go extinct. 
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The Food and Agriculture Organization 
of the United Nations (FAO), established 
in October 1945 for helping to achieve 
freedom from hunger and to disseminate 
widely data and information relevant to 
this basic goal, completes 50 years of 
service this year. Since its establishment, 
FAO has been publishing a wide range 
of journals, reports and books. Invariably, 
these are the most authentic sources of 
data available in the world concerning 
area, yield, production, prices, imports 


and exports, and other relevant informa¬ 
tion relating to agriculture, forestry and 
fisheries. FAO has also an early warning 
system to draw attention to hot spots in 
the field of agricultural production so as 
to help in taking proactive steps to avoid 
famines. Early warning systems also exist 
in the case of pest epidemics. A good 
example is the locust warning system. 
As it celebrates its 50th Anniversary, 
FAO can look back with satisfaction on 
the varied services it has rendered to 
member nations and more particularly in 
the field of communication and publica¬ 
tion. Most of the FAO publications, in¬ 
cluding the books under review, are now 
available as electronic products. 

The books under review bring together 
in a very readable form the significant 
developments in agriculture during the 
preceding years. The reports are structured 
in a way that they contain generic infor¬ 
mation as well as specific data relating 
to regions and countries. In addition, one 
major issue is taken up for detailed 
analysis in each of the reports. For ex¬ 
ample, the 1993 report deals with water 
policies and agriculture, while the 1994 
report pays specific attention to various 
development and policy dilemmas in the 
forestry sector. The reports give the reader 
in a capsule form the situation on the 
food front. FAO’s definition of agriculture 
includes all land- and water-based occupa¬ 
tions such as crop husbandry, animal 
husbandry, fisheries and forestry. Both 
production and trade issues are con¬ 
sidered. The economic environment under 
which agriculture progresses is often dealt 
with in an objective manner. 

The special sections on water and 
forests in the 1993 and 1994 reports have 
one point in common. They both em¬ 
phasize the need for community participa¬ 
tion in the sustainable management of 
these two essential foundations for sus¬ 
tainable advances in agricultural produc¬ 
tion. Unless there is equity in sharing 
the benefits, the requisite degree of public 
cooperation in managing these assets will 
not be forthcoming. Participatory water 
and forest management involves a 
paradigm shift in management culture, 
moving away from an entirely govern¬ 
ment-controlled management to the 
involvement of all the stake holders in 
both decision-making and implementation 
mechanisms. 

On the occasion of the 50th anniversary 
of FAO, the question can be asked as 
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to why endemic hunger arising from 
undernutrition and malnutrition is still 
widely prevalent, although the founding 
fathers of FAO had felt even in 1945 
that the world has the requisite technical 
and financial resources to make hunger 
a problem of the past. Is this situation 
due merely to a lack of the requisite will 
at the national and global levels to give 
operational content to the political slogan 
of ‘food for air? 

On the basis of a recent study, the 
International Food Policy Research In¬ 
stitute (IFPRI), located in. Washington, 
DC, USA, believes that by the year 2020 
significant reductions can be made in 
poverty, food insecurity, malnutrition and 
micronutrient deficiencies and significant 
advances made toward efficient, effective 
and low-cost food and agricultural systems 
that are in harmony with the natural 
resource base. The fact remains that al¬ 
though today the world produces enough 
food to feed each and every person, 
nearly 800 million children, women and 
men remain food-insecure. The reasons 
for this tragic irony are to be found in 
the nonfood sector, such as lack of pur¬ 
chasing power and entitlements, poor 
sanitation and health care and non¬ 
availability of clean drinking water. It is, 
therefore, time that we redefine our con¬ 
cept of food security as 'livelihood 
security for the households and all mem¬ 
bers within, which ensures physical and 
economic access to balanced diets, in¬ 
cluding the needed micronutrients, safe 
drinking water, environmental sanitation, 
basic health care and primary education'. 
Such a redefinition will help to articulate 
the public policy package needed to en¬ 


sure food security at the level of each 
individual in a household. The emphasis 
on individuals rather than on families is 
important, since in many societies women 
and girl children tend to suffer more from 
undernutrition and malnutrition and there 
is a trend towards an increasing feminiza¬ 
tion of poverty. 

How do we achieve this goal? In Octo¬ 
ber 1995, a meeting of representatives of 
Member-Nations of FAO will be held at 
Quebec in Canada to commemorate the 
signing FAO’s Charter in that city in 
October 1945. This is an appropriate oc¬ 
casion to analyse why the Freedom from 
Hunger Campaign launched in the early 
sixties by the late Dr B. R. Sen when 
he was the Director-General of FAO is 
still to achieve its objectives. The 50th 
Anniversary of FAO is best com¬ 
memorated by the adoption of a Global 
Convention on Sustainable Food and 
Livelihood Security. Such a convention 
can include the following major 
provisions: 

1. Implement both in letter and spirit 
the plans of action agreed to at recent 
UN Conferences, particularly at Rio, Cairo 
and Copenhagen and take speedy action 
to implement the provisions of the Deser¬ 
tification Convention. 

2. Ensure adequate support for research 
and development efforts designed to 
promote national and international public 
good, since the fast-spreading Intellectual 
Property Rights (IPR) environment is like¬ 
ly to promote greater investment only in 
short-gestation-period and profit-driven 
research. Integrating the dimension of sus¬ 
tainability in research objectives, however, 
involves location-specific and parti¬ 


cipatory research with rural families. This 
kind of research is unlikely to attract 
adequate investment from the corporate 
sector. 

3. Ensure the rapid dissemination of 
environmentally sound agricultural tech¬ 
nologies, particularly among resource- 
poor farm families, who may have 
difficulties in gaining access to green 
technologies as a result of the provisions 
of the Trade-related Intellectual Property 
Rights (TRIPS) of the World Trade Agree¬ 
ment. 

4. Promote increased trade in value- 
added agricultural commodities produced 
in developing countries by assisting them 
in improving post-harvest technology and 
sanitary and phytosanitary measures. 

5. Contribute generously to global 
emergency food security reserves and to 
Food for Livelihood-Security Programmes 
through the World Food Programme and 
other appropriate global, regional and na¬ 
tional protective social security program¬ 
mes, so that every child, woman and man 
has the requisite entitlements for a healthy 
and productive life. 

I would suggest that the State of Food 
and Agriculture Report for 1995 could 
include in its special topic section a dis¬ 
cussion on the scope and need for such 
a global convention for the elimination 
of hunger. 
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A visionary and courageous scientist 

An obituary of Jonas Salk 


Jonas Edward Salk, a Visionary and 
courageous scientist who invented the 
first vaccine to protect children (and 
adults) against the crippling disease 
poliomyelitis, passed away in La Jolla 
on 23 June at the ripe age of 80. His 
contributions are monumental and in 
countries continuously using the Salk vac¬ 
cine the result was an initial drastic reduc¬ 
tion in the incidence of the disease and, 
thereafter, total eradication of polio. He 
was also a builder of institutions and had 
to his credit the founding of the well- 
known Salk Institute for Biological 
Research. 

His incursions in vaccinology began in 
1942 at the University of Michigan, where 
he helped develop a commercial vaccine 
against the influenza virus. Several 
thousand soldiers in the US Army were 
immunized with this vaccine employing 
a potent immunopotentiator similar to 
Freund’s incomplete adjuvant. A follow¬ 
up of these subjects 25 years later did 
not indicate any incidence of cancer or 
abnormality attributable to this immuniza¬ 
tion. Based on these observations he ques¬ 
tioned the wisdom of not using such 
adjuvants for obtaining high and 
long-duration response with vaccines des¬ 
tined for human use. Before his death, 
he was deeply involved in making a 
vaccine against HIV in which he was 
intending to use this adjuvant. 

In 1947, Jonas Salk moved to Pittsburgh 
in a faculty position as the Head of the 
Virus Laboratory. It is here that he started 
work on the polio vaccine, which received 
impetus from President Roosevelt, who 
had himself been a victim of polio. His 
researches were generously funded by 
public and private funds, prominent 
amongst which was a grant of $ 7.5 mil¬ 
lion from the March of Dimes campaign 
launched by the National Foundation for 
Infantile Paralysis. In an amazingly short 
period of 8 years, in a promotional climate 
free from obstructions, his vaccine passed 
from laboratory to human trials. The 
results of the large-scale trial announced 
in 1955 were impressive. The vaccine 
conferred 80-90% protection. Imbued 
with humanitarian concern, he did not 
patent the vaccine nor made money from 
it. It was licensed to six companies on 


easy terms for large-scale availability to 
the public. By 1960, the incidence of 
polio declined by 92% in the United 
States. President Eisenhower awarded him 
the Congressional Medal for Distin¬ 
guished Civilian Achievement. It was 
taken up for immunization of children in 
other countries with equally impressive 
protection rates and fall in incidence of 
the disease. The French Govt, conferred 
on him the Legion d’Honneur for his 
work of international significance. 

Then came a setback for no apparent 
fault of Salk. One of the batches of the 
vaccine manufactured by a company failed 
to kill the virus completely and the vac¬ 
cine caused unforeseen deaths of about 
300 recipients. The government imposed 
a ban on this vaccine in USA, even 
though it continued to be in use in Canada, 
Holland, Scandinavia and some other 
European countries. Meanwhile, a rival 
vaccine developed by Albert Sabin be¬ 
came available and was introduced in 
USA in 1961 based on trials conducted 
in USSR. The Sabin vaccine consisted 
of three strains of live attenuated polio 
viruses, in contrast to the Salk vaccine, 
which employed killed viruses. The Sabin 
vaccine had the ease of oral administra¬ 
tion, whereas the Salk vaccine required 
to be injected. The counterpoints were 
that the Sabin vaccine demanded to be 
kept frozen to remain active, whereas the 
Salk vaccine did not require the ‘cold 
chain’. The mode of action of the two 


vaccines was also somewhat different. 
The Salk vaccine, by systemic immuniza¬ 
tion, generated antibodies and cytotoxic 
cells, inactivating and killing the infecting 
polio virus. No live virus was released 
in the stools. The Sabin vaccine sought 
to induce local immunity in the 
gastrointestinal tract against the infectious 
vims. The live attenuated polio viruses 
present in the vaccine, however, colonized 
in the gut and were released to the 
environment in faeces. It was conceived 
that these vimses would be taken by 
others in the community and would hence 
create ‘herd’ immunity over and above 
the individuals immunized. 

On face value, the Sabin vaccine was 
cheaper and appeared to be more suitable 
for general immunization programmes in 
children. However, trials conducted by 
Dr S. Bhallaya at the All India Institute 
of Medical Sciences, New Delhi, and by 
Dr Jacob John at the Christian Medical 
College, Vellore, showed the superiority 
of the Salk vaccine for inducing antibodies 
against the polio vimses as compared to 
three doses of the Sabin vaccine given 
orally. Similar results were reported from 
Algeria. The relative poor immunogenicity 
of the Sabin vaccine was not ascribable 
to the improperly frozen vaccine in the 
above-mentioned trials conducted by 
experienced virologists. It is surmised that 
five doses of the oral vaccine may be 
necessary for satisfactory sero-conversion 
of the children. 



Jonas Salk (right) with the author at the 5th International 
Congress of Immunopharmacology at Tampa, Florida (1991). 
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This does pose practical difficulties of 
repeat visits and compliance in the expan¬ 
ded programmes of immunization. These 
difficulties are further compounded by 
the uncertainties of availability and main¬ 
tenance of cold chain for this vaccine in 
far-flung rural areas. Thus, after due 
scrutiny of the data, the Indian Council 
of Medical Research recommended the 
use of the Salk vaccine as such or as 
adjunct to the Sabin vaccine. An oppor¬ 
tunity to make the Salk vaccine in the 
country, along with two other cell-culture- 
derived vaccines against measles and 
rabies, came forth in 1989 with the French 
company Merieux agreeing to be a partner 
in a venture along with the Department 
of Biotechnology, Indian Petrochemicals, 
and 25% shares accessible to public for 
investment. Jonas Salk (and others inclu¬ 
ding me) played an active role in motivat¬ 
ing Merieux to come to India with a 
technology that will be useful for more 
than one vaccine of proven efficacy. An 
agreement was signed in New Delhi by 
the President of Merieux with counterpart 
officials in the august presence of Presi¬ 
dent Frangois Mitterand and Prime Mini¬ 
ster Rajiv Gandhi. Had this agreement 


materialized, India would have been the 
largest producer of these vaccines in the 
world, meeting its own needs and ex¬ 
porting to other countries. Merieux had 
a further proposal of making a quadmple 
vaccine comprised of DPT (diphtheria, 
pertussis and tetanus) along with the Salk 
polio vaccine. Thus, complete immuniza¬ 
tion of the child against these four killer 
diseases could be accomplished with a 
common vaccine. A cherished goal of 
researchers and public health organiza¬ 
tions is to have a vaccine with multiple 
components to prevent all childhood in¬ 
fections by a single intervention. Tech¬ 
nologies are evolving to deliver multiple 
doses of the vaccine in biodegradable 
microspheres at a single contact point. 

Jonas Salk was a pioneer vaccinologist. 
He was also a thinker and theorized on 
the implications of scientific findings on 
man and his place in society. He authored 
four books in this context: Man Unfolding 
(1972); The Survival of the Wisest (1973); 
World Population and Human Values 
(1981) and Anatomy of Reality (1983). 
He rallied readily for public causes. In 
spite of specialized focusing that any 
notable scientific work demands, his out¬ 


A doyen of Indian physicists 


An obituary of S. D. Chatterjee 


Professor Shyamadas Chatterjee, a doyen 
of Indian physicists, passed away in 
Calcutta on 27 May 1995 at the age 
of 86. 

Bom on 29 June 1909, he studied at 
Cuttack, Patna and then at Presidency 
College, Calcutta, obtaining his B Sc de¬ 
gree in 1930 and M Sc degree in Physics 
from Calcutta University in 1932. Among 
his teachers was none other than C. V. 
Raman, who on winning the Nobel Prize 
in 1930 graciously acknowledged the let¬ 
ter of congratulation from his young stu¬ 
dent. Chatterjee joined the Bose Institute, 
founded by the pioneer Jagadish Chandra 
Bose in 1938, and showed his experimen¬ 
tal skills by constructing one of the first 
Wilson cloud chambers in India. For his 


research on cosmic rays he was awarded 
the D Sc degree of Calcutta University 
in 1945, his examiners being Blackett 
and Cockroft. 

When the news of the discovery of 
nuclear fission reached India, he set up 
his own experiment with indigenous com¬ 
ponents to detect the emitted neutrons. 
He was thiis the first one to detect the 
spontaneous fission of uranium in 1940. 
For the interpretation of his experimental 
results he was indebted to S. N. Bose. 
His brief communication to Science and 
Culture was, however, withdrawn as it 
had been sent without the permission of 
the then Director of the Bose Institute! 
His estimate of the half-life of uranium 
was a few orders of magnitude less than 


look was broad. He had a sensitive per¬ 
sonality, and was at home amongst 
writers, artists and thinkers. He married 
in 1970 an equally lovable person, 
Frangoise Gilot, an artist and a writer 
(My Years with Picasso) who was for 
many years a companion of and lived 
with Pablo Picasso. He is survived by 
three sons from his first wife. 

Although Jonas Salk did not get the 
Nobel prize, he received several recog¬ 
nitions. In 1975, he delivered in New 
Delhi the Jawaharlal Nehru Award Ora¬ 
tion for International Understanding. 

In response to the havoc that AIDS 
was causing worldwide, he got energized 
in the last years of his life to make a 
vaccine against this ‘clever’ vims, which 
attacks and incapacitates the host immune 
status. With his demise, his ambition 
remains unfulfilled. 

G. P. Talwar 

International Centre for Genetic 
Engineering and Biotechnology and 
The National Institute of Immunology, 
Aruna Asaf Ali Marg, 

New Delhi 110 067, India. 


the value of Teller but was verified by 
Georgy Flerov from the Soviet Union 
within a few months. The actual calcula¬ 
tion of the half-life from the detector 
counts was done by N. R. Sen of the 
Department of Applied Mathematics. In 
return Chatterjee repaired Sen’s radio set, 
an indication of how scientific collabora¬ 
tion worked in those days! Chatterjee 
was awarded the Woodbum Medal of 
Calcutta University for best research in 
1948 and the Elliott Medal of the Royal 
Asiatic Society in 1951. 

In 1949 Chatterjee went to Chalk River, 
Canada, and also visited several labo¬ 
ratories in the USA, including the National 
Bureau of Standards, where he interacted 
with Tuve. He maintained contact with 
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leading scientists like Herzberg, Marton 
and Mott throughout his life. 

Satyendra Nath Bose had moved back 
to Calcutta from Dacca in 1945 and 
recruited Chatterjee as Lecturer in the 
Department of Pure Physics in 1951. He 
was later promoted to Reader. He set up 
the first radiocarbon dating laboratory in 
India and detected fall-out across the 
country from atmospheric nuclear tests 
conducted in the early fifties. 

Chatterjee was known for his brilliance 
in electronic instrumentation and built his 
own G’M and proportional counters, pick¬ 
ing up the coincidence counting technique 
from Walter Bothe in Germany. He 
worked as Fellow in The Davy-Faraday 
Laboratory of The Royal Institution, Lon¬ 
don, in 1958 when Lawrence Bragg was 
the Director. During one of his visits to 
Europe he is credited with the suggestion 
of the possibility of recoil-less emission 
of gamma rays from the nucleus, which 
led to the discovery of the Mdssbauer 


effect. In recognition of this, he was 
invited to Munich as a Visiting Professor 
in 1964. 

Chatterjee was invited to head the 
Physics Department of the newly con¬ 
stituted Jadavpur University in 1956 and 
built up the department with energy and 
devotion. His group discovered very high 
helium content from the emanations at 
the hot springs at Bakreshwar near Cal¬ 
cutta. For enriching the gas he set up 
his own laboratory which was later taken 
over by the Department of Atomic Energy. 
His research interests expanded into ex¬ 
perimental solid-state physics, his students 
studying exo-electron emission from GM 
electrodes, surface states in semiconduc¬ 
tors and metal-semiconductor contacts. 
He guided over 60 doctoral theses and 
was a kindly father-figure, ever ready to 
advise and support financially researchers 
in need. 

On retirement from Jadavpur University 
in 1969, he joined his mentor S. N. Bose 


at the Indian Association for the Cultiva¬ 
tion of Science as Senior Fellow and 
again set up a helium laboratory. He 
continued to guide research students, his 
encyclopedic knowledge of physics being 
always available to colleagues and stu¬ 
dents. A small laboratory was even set 
up in his own house and run by the S D 
Chatterjee Foundation. 

He was elected Fellow of the American 
Physical Society and Fellow, IEEE and 
was one of the seniormost Fellows of 
the Indian National Science Academy. A 
bachelor with spiritual leanings, Chatterjee 
donated his house to the Asiatic Society 
Calcutta, one of the oldest institutions 
pursuing knowledge in all its aspects. 

D. N. Bose 

Materials Science Centre, 

Indian Institute of Technology, 
Kharagpur 721 302, India. 
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A probe into the Calcutta earthquake of 1737 

Pitta Govinda Rao 

Some doubts have been expressed in the recent literature about the occurrence of an earthquake that occurred 
simultaneously with a cyclonic storm during September/October 1737 near Calcutta. In this article an attempt 
has been made to probe into the historical documents with a logical analysis. Our study reveals that an 
earthquake did occur undoubtedly near Calcutta in 1737. However, the death toll reported in the catalogue 
of significant earthquakes by the US Department of Commerce needs to be corrected. It was also found that 
the Encyclopedia Britannica has missed to make entry of the earthquake, in addition to making inadvertently 
a wrong entry of the date of occurrence of the cyclonic storm. This study has led to the conclusion that an 
earthquake did occur near Calcutta during the passage of a severe cyclonic storm on the Bengal coast on 
the night of 11 October 1737 as per the Gregorian equivalent calendar, or on 30 September 1737 as per 
the then-existing Julian calendar. The death toll due to the combined disaster could have been about 3000. 


The United States Department of Com¬ 
merce in their catalogue^ of significant 
earthquakes for the period 2000 BC-1979 
has made an entry of an earthquake 
occurrence near Calcutta on 11 October 
1737. Recently, some scientific groups^’^ 
have expressed doubts about the occur¬ 
rence of this event. The suspicion was 
mainly due to the death toll reported in 
this document and the mismatch of the 
dates of occurrence in other sources of 
literature. Due to the coincidence of the 
earthquake event with a severe cyclonic 
storm that crossed the Bengal coast"^, it 
is felt necessary to investigate further to 
make the picture more transparent. In the 
process, the author has reviewed all the 
available literature related to the 
earthquake from the recent to the histori¬ 
cal times^. An independent approach was 
adopted and reported briefly earlier^. In 
this article, an attempt has been made to 
give detailed information on the event. 
The author was fortunate to get ail the 
necessary literature at the University of 
East Anglia, UK. 

Main reports 

The US Department of Commerce in their 
catalogue^ of significant earthquakes, pub¬ 
lished in 1981, have included the occur¬ 
rence of an earthquake on 11 October 
1737 near Calcutta. The location was 
given as 22.5°N, 88.4“E and the number 
of deaths reported was 300,000. The 
damage caused has been rated as 
‘moderate’, corresponding to a property 
loss of 1-5 million US dollars of 1979. 

Encyclopedia Britannica of 1974 (ref. 
7) mentioned only the occurrence of a 
cyclonic storm on 7 October 1737, caus¬ 
ing a 12m storm surge and killing about 
300,000 people, and termed it as the most 
catastrophic cyclone. 


Blanford, a meteorologist working in 
India, in his catalogue^ of 1877 has in¬ 
cluded the occurrence of the cyclone 
storm on 7 October 1737 and described 
it as follows: ‘This storm is ranked among 
the worst, if not the worst, tropical cyclone 
disasters in recorded history.’ The death 
toll given by him was 300,000. 

In 1848, Peddington^ in his Hornbook 
stated clearly about the simultaneous oc¬ 
currence of an earthquake and a cyclonic 
storm on 11 October 1737. He did not 
make any entry about the casualty figures. 

Earlier, in 1837, Martin^®, in his Medi¬ 
cal Topography of Calcutta writes: 

‘The earliest notice I can find of a 
storm and earthquake occurring 
together is - On the night between 11 
and 12 October 1737, there happened 
a furious hurricane at the mouth of the 
Ganges which went 60 leagues up the 
river. There was at the same time a 
violet earthquake, which threw down 
a great many houses along the riverside 
in Golgota (i.e. Calcutta) alone, a port 
belonging to the English.... Dutch 
ships in the river, three were lost, with 
their men and Cargoes: 300,000 souls 
are said to have perished. The water 
rose 40 feet higher than usual in the 
Ganges,’ 

Gentleman's Magazine of June 1738 
describes about the damage caused due 
to a furious hurricane in the Bay of 
Bengal and a violent earthquake on 30 
September 1737. However, no death toll 
was included (a copy of the report from 
the magazine is given in Appendix 1). 

Bengal Public Consultations, dated 15 
October 1737, published in another source 
in 1906, states as follows: 

‘The late violent storm laid the whole 
black towns, quite throughout the 


honourable company’s (The East India 
Company) bounds, insomuch that 
hardly twenty thatched houses were 
standing the next day, and the inhabi¬ 
tants lost the little they had and were 
rendered incapable of paying the rents 
... what still adds to the calamity is 
that by the violent force of the wind 
the river overflew so much that a great 
quantity of rice was quite spoiled... 
and nearly 3000 inhabitants were killed, 
and a great number of large cattle 
besides goats and poultry destroyed.’ 

Discussion 

It is evident from these reports that an 
earthquake did occur during September- 
October 1737. However, unfortunately, 
for reasons not known, reports earlier to 
1974 do not provide the sources from 
where the information on the disaster was 
collected. If we analyse in the reverse 
order, i.e. from the historical times, we 
find that Martin*^ has nowhere indicated 
that he had collected his data from a 
journal published in 1738. He had added 
and exaggerated the information on death 
toll (from 3000 to 300,000) from an 
official source, Bengal Public Consul¬ 
tations, dated 15 October 1737. A close 
comparison of these sources clearly 
reveals that Peddington^ reproduced the 
occurrence of the events from Martin’s 
book^^. In both Martin’s and Peddington’s 
reports, the date of occurrence of the 
storm and the earthquake was given as 

11 October or the night between 11 and 

12 October 1737. Blanford, without refer¬ 
ring to any earlier reports, has reported 
the occurrence of a cyclonic storm on 7 
October 1737, without any explanation 
regarding the date of the event^ Literature 
study reveals that he has taken the in¬ 
formation from Peddington^ and altered 
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some details and reported as independent 
information. He changed some quantitative 
information; for example, in the statement 
\ . the storm reached 60 leagues up to 
the river Ganges ..60 leagues has been 
changed to 60 miles (a league is equivalent 
to about 3 miles). 

Logical analysis reveals that Encyclo¬ 
pedia Britannica^ contains the information 
given by Blanford, including the date of 
occurrence and the death toll^. Since 
Blanford’s interest is only for the weather- 
related phenomena, he has excluded the 
earthquake occurrence. The report of the 
US Department of Commerce also men¬ 
tions the death toll as 300,000 due to an 
earthquake on 11 October 1737. This 
document quotes several references 
as sources of information. After a thorough 
study, the authoi inclined to conclude 
that the source of information for these 
reports is also the report of Martin^”. 

The next question which arises is about 
the date of occurrence. It is evident that 
after a century of occurrence, Martin 
reported^^ the date of the events of 
cyclone and earthquake as the night of 
11 October 1737. It is important to note 
that he has taken care of the change of 
the calendar by the Britishers. The 
Gregorian calendar was not in use in 
British Empire in 1737 and the date 30 
September is according the Julian calendar 
then in vogue. It matches very well with 
the date 11 October 1737, which would 
be its Gregorian equivalent"^, but not the 
7 October as mentioned by Blanford. The 
present author, while looking at the his¬ 
torical source^, Gentleman’s Magazine, 
was astonished To see the total absence 
of any estimate of lives lost in the com¬ 
bined disaster (Appendix 1). This led him 
to search further and find the official figure 
of death toll in the combined tragedy as 
3000 in another source^ ^ In this, a letter 
written more than a year after the disaster, 
on 29 January 1739, describes: 

.. the storm which levelled most of 
the walls in the town, shattered and 
threw down many of the buildings and 
blew up the bridges, the tide some 
days after broke in upon and carried 
away some of the wharfs, ships and 
stairs, the places most damnified are 
the peers on the factory wharf, wharf 
and ships at Soota Loota. Walls around 
the burying place and powder magazine 
and factory points. Church steeple was 
overthrown.’ 


The above description enriches the 
knowledge for supporting the occurrence 
of an earthquake along with the storm. 
Further, in an economic study of Bengal, 
Bhattacharya^^ mentions that only after 
the great disaster of 1737 was widespread 
masonry construction considered 
desirable. These observations give a fairly 
good qualitative idea that destruction to 
buildings might have occurred partly due 
to ground motion. Bilham^, while con¬ 
cluding that ‘the listing of this event in 
the catalogues of disastrous earthquakes 
is indefensible’, writes that ‘the possibility 
that an earthquake-induced tsunami 
caused the flood damage cannot be com¬ 
pletely excluded’. 

Population estimates range from 10,000 
to 12,000 between 1705 and 1720 (ref. 
19). It has been documented^^ based on 
the report by Ray^‘ that the population 
of Calcutta was 120,000 in 1757. It was 
further mentioned that ‘the early 
nineteenth century may not have held for 
the 200,000 or so who were living in 
Calcutta, in an environment largely of 
British creation’^®. From these facts it is 
clear that the number of people dead in 
the disaster cannot be 300,000 as reported 
by the Encyclopedia Britannica and by 
the US Department of Commerce. The 
author, therefore, feels that the official 
figure of 3000 might have been exag¬ 
gerated to 300,000 by Martin^^^ 

Conclusion 

After spending sufficient time in review¬ 
ing the literature from the historical past 
to the present, the author feels confident 
in stating that an earthquake did occur 
in the vicinity of Calcutta on the night 
of 11 October 1737 as per the Gregorian 
equivalent calendar, or on 30 September 
1737 as per the then-existing Julian calen¬ 
dar, Exaggerating the death toll figures 
is a human psychology, even today, for 
drawing the attention of the targeted 
groups. It ’is also evident that the 
earthquake occurrence was during the 
period of landfall of a cyclonic storm on 
the Bengal coast. The concerned 
authorities of the Encyclopedia Britannica 
and the US Department of Commerce 
may consider issuing a modification to 
their reports, after another independent 
study, if felt necessary. 
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JSPS RONPAKU (DISSERTATION Ph D) FELLOWSHIPS: 1996-97 
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qualified young researchers for JSPS RONPAKU (Dissertation Ph D) Fellowships: 
1996-97, offered by the Japan Society for the Promotion of Science (JSPS) within the 
framework of India-Japan Cooperative Science Programme (IJCSP). Four Fellowships 
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Description of the Ronpaku programme 

RONPAKU programme provides support to researchers who wish to obtain their Ph D. 
degrees from Japanese universities through the submission of dissertation, without 
going through the course work. 

Grantees under this RONPAKU programme (RONPAKU Fellows) are required to 
conduct dissertation research under the joint supervision of a Japanese Advisor and an 
Indian Advisor. For this purpose, during the maximum period of five years, the 
RONPAKU Fellow will visit Japan once a year to conduct research at a Japanese uni¬ 
versity under the supervision of the Japanese Advisor, who will visit the RONPAKU 
fellow's country, when necessary, to supervise the research together with the fellow's 
home advisor. 
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All fields of Science & Technology 
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Applicant should 

1. be a citizen of India; 

2.. have already achieved substantial research results and, through dissertation re¬ 
search under the programme, be deemed likely to obtain a Ph D degree success¬ 
fully; 

3. be holding a regular position as a researcher in a recognized scientific/technical 
institution in India; 

4. be able to forward the final application through proper channel of the Parent 
Institution. 
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The Japanese Advisor must be either a professor, associate professor or lecturer who 
teaches in the doctoral course of a graduate school of either a national, public or pri¬ 
vate xmiversity in Japan. 
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Supervision of research 

During the overall tenure of 5 years, the RONPAKU fellow will visit Japan once a year 
for a maximum period of 90 days per visit, to conduct research under the supervision 
of the Japanese Advisor. 

The Japanese Advisor may visit the fellow's country, not more than once a year (for 
a period of 7-30 days per visit) to supervise the research in accordance with the plan 
approved. 

Terms of awards 

JSPS provides the following financial support: 

To the RONPAKU fellow 

1. Round-trip economy class air ticket between India and Japan. 

2. Maintenance allowance as per JSPS regulations. 

3. In Japan, research trip allowance of up to Yen 100,000 per visit to Japan once a 
year. 

4. Sickness and accident insurance fee during the stay in Japan, as per JSPS regu¬ 
lations. 

5. Expenses related to dissertation submission and publication in the final year of 
the fellowship tenure, as per JSPS regulations. 

To the Japanese Advisor [when visiting the fellow's country] 

1. Round-trip economy class international airticket between Japan and India. 

2. Maintenance allowance for stay in India. 

3. Supervising expenses (when receiving a RONPAKU fellow). 

4. Research allowance for supervising the RONPAKU fellow. 

5. Supervising expenses. 

Application procedures 

The Application Forms can be obtained from the Programme Office, India-Japan Co¬ 
operative Science Programme (IJCSP), International Division, Department of Science & 
Technology, Technology Bhavan, New Mehrauli Road, New Delhi 111 016 by sending 
a request along with a self-addressed envelope (12 cm x 27 cm) entitled “JSPS 
RONPAKU Fellowship 96-97.” 

The filled application forms should be forwarded by the candidate through proper 
channel latest by 15 October 1995. INCOMPLETE APPLICATIONS WILL BE 
SUMMARILY REJECTED. Applicants will be notified of the results by the end of 
March 1996. 
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Ill this issue 


Quest for quantum gravity 

This issue carries an article by 
Gary K. Au (page 499) on the 
‘Quest for Quantum Gravity’. It 
is an extended exposition of 
some current efforts towards the 
Holy Grail of theoretical physics. 
The article makes a real effort to 
aim at the reader outside the 
field, and is also unusual in 
avoiding the impersonal style of 
the textbook and the research 
journal, by using detailed ex¬ 
tracts from interviews with three 
of the many people who have 
spent time on this quest-Chris 
Isham of Imperial College, Lon¬ 
don, Abhay Ashtekar of Penny 1- 
vania State University, and Ed¬ 
ward Witten of the Institute of 
Advanced Studies, Princeton. We 
therefore have an interesting 
contrast in emphases, viewpoints 
and style. The article does not 
portray the field as a finished 
product but is a report from the 
frontline, so to speak. It will be 
interesting to see how much of 
what is described will seem out¬ 
dated ten or even five years from 
now, and how much will survive. 

R. Nityananda 

Fall of liquid drops 

The phenomenon of a liquid drop 
falling under gravity in another 
immiscible liquid medium is, in 
fact, a complex one. In general, 
the drop may deform considera¬ 
bly or even break up, the motion 
may be unsteady or oscillatory 
and the wake may even be turbu¬ 
lent. For sufficiently small drops, 
however, these pathologies are 
absent and the motion is steady 
with only slight deformation of 


the drops. A natural question to 
ask then is: What is the nature of 
the drag force on a drop under 
these circumstances? 

In this issue (page 534) G. J. 
Srinivasan and P. Satyanarayana 
present the results of a detailed 
experimental study aimed at de¬ 
termining the drag force on a 
falling drop. They show that al¬ 
though, in general, many more 
dimensionless groups are in¬ 
volved, for the range of Reynolds 
numbers, Morton numbers and 
Eotvos numbers considered, only 
three are really relevant. More¬ 
over, using data obtained from 
21 liquid systems, they show that 
the relationship between these 
three yields an explicit expres¬ 
sion for the drag force, a quantity 
of considerable practical interest. 
One should note that this ex¬ 
pression holds even when the 
drops deform slightly provided 
the equivalent diameter is used. 
The authors point out that their 
results provide a means for 
measuring the density of liquids 
available only in microquantities 
when other conventional meth¬ 
ods may fail. 


P. N. Shankar 

Measuring single-ion activities 

Solutions of electrolyte were 
considered non-ideal, since the 
change in chemical potential of 
these solutions was not found to 
be equal to RTln m. To account 
for this, Lewis proposed an em¬ 
pirical correction factor, 7 , called 
the activity coefficient and con¬ 
sidered my to be the effective 
concentration. The reason for the 
non-ideal behaviour of electro¬ 
lyte solution was explained as 


being due to electrical interac¬ 
tion between ions by the Debye- 
Huckel limiting law. Thus, the 
concept of activity coefficient of 
ions gained a rational basis. How¬ 
ever, the activity of a single ionic 
species remained a theoretical idea 
since it could not be measured 
experimentally and the measurable 
mean ionic activity was used in 
theoretical calculations. 

Activity coefficient is conven¬ 
iently measured by the EMF of 
galvanic cells with or without 
transference. The former involves 
a junction between two solutions 
and hence a liquid junction po¬ 
tential (LJP). The latter also in¬ 
cludes LJP due to the contact 
between the reference electrode 
solution and the electrolyte solu¬ 
tion and the electrolyte of the half 
cell under test. Evaluation of LJP 
needs a knowledge of single-ion 
activity (SIA). Thus, one faces a 
vicious circle when an attempt is 
made to measure SIA. 

In this issue (page 529) S. 
Parthasarathy and K. Ramya 
propose an interesting solution 
to overcome this problem. They 
eliminate liquid junction by 
using a bridge of solid silver 
chloride, which is a solid-state 
ionic conductor. Using this idea, 
they have measured SIA of 

Zn^^ and CF in ZnC^ solutions 
and the results are discussed 
in this paper. An interesting 
observation from the results is 
that the activity is seen to be 
equal to Z\mr\ and not mr^, 
lending support to the view of 
Parthasarathy and Srinivasan 
published in Current Science 
(1994, 66 , 56-59). 

S. R. Rajagopalan 
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NEWS 


ISI’s electronic library 


First announced in August 1994, the 
Institute for Scientific Information’s 
Electronic Library Project^ has made 
considerable progress in its first year. 

The project in which IBM and Lotus 
colaborate with ISI, aims to deliver 
complete information to customers’ 
desktops. The prototype consists of 
Current Contents/Life Sciences edition, 
providing table of contents, biblio¬ 
graphic data, and abstracts for 1350 
journals, with the addition of full im¬ 
ages of those articles for which publish¬ 
ers have agreed to allow electronic stor¬ 
age and delivery. 

All aspects of the prototype are now 
in place. IBM offers technical advice 
and components for storage, retrieval 
and delivery of information in a dis¬ 
tributed environment which will seam¬ 
lessly plug into various existing library 
WAN/LAN topologies. Lotus Notes 
Desktop software will be used by pilot 
sites at eight locations - six in North 
America and two in the UK-which 
have agreed to test the prototype. 

ISI chose Lotus Notes as it is the 
leading client/server platform for devel¬ 
oping and deploying groupware appli¬ 
cations, and it has the capacity to deal 
with large amounts of full-imaged data 
and to track usage statistics. Besides, it 
is easily integrated into ISI’s prototype, 
and provides the level of security 
needed for the content providers, viz. 
the journal publishers. 

ISI has invited over 360 publishers, 
representing the 1350 journals indexed 
in Current Contents/Life Sciences, to 
participate in this venture. Two Indian 
journals. Journal of Biosciences and 
Journal of Genetics, both published by 
the Indian Academy of Sciences, are 
among the journals that have agreed to 
make full text images available to cli¬ 
ents of ISI’s electronic library. The 


eight pilot sites that would test the pro¬ 
totype are Brookhaven National Labora¬ 
tory, Lehigh University, the New York 
Public Library, Purdue University, 
SmithKline Beecham Pharmaceutical 
R&D, Thomas Jefferson University, 
University College in London, and 
Glaxo Research and Development Ltd. 

The test phase of the prototype has be¬ 
gun and will last for eighteen months. The 
test phase aims to shed light on practical 
applications such as data access, retrieval 
and usage. Input from library communities- 
and publishers will help clarify issues such 
as copyright, intellectual property, pricing 
and usage patterns, that are key to the 
commercial success of the project. 

The cornerstone of the project is the 
construction of an economic model that 
will facilitate pricing that will be ac¬ 
ceptable to the information providers 
and the users. The project will measure 
the economics involved, weigh the need 
for security vs access, and will measure 
and assess usability. ISPs prototype 
electronic library can test: 

1. Technical systems required to 
support electronic journal delivery (data 
access, storage and delivery) 

2. Internal systems required to facili¬ 
tate implementation of the electronic 
library - including billing, accounting 
and business management reporting 

3. Economic models that will meet 
the diverse needs of the publishing and 
user communities 

4. Behaviour of users to determine 
how the electronic journal may change 
the traditional information purchasing 
and usage patterns. 

The economic model is based on sev¬ 
eral assumptions 

1. The Current Contents database 
will be a site license. 


2. Pricing for the electronic journals 
will be subscription-based and will be 
set by the publisher. 

3. Royalty payments for documents 
ordered through the system will be set by 
the publisher. ISI will set a processing fee. 

The prototype will provide for seamless 
network integration through a network- 
based client/server system that can be 
added to and coexist with the customer’s 
current local area network. The ISI server 
at the pilot site will be capable of support¬ 
ing heterogeneous clients, e.g. Windows, 
Macintosh, OS/2, etc. For reasons of se¬ 
curity, data transmission will be via dedi¬ 
cated ISDN lines and not through Internet. 
The network uses the standard TCP/IP 
both for communication between Central 
Server and Customer Server and for traffic 
between Customer Server and Desktop. 

In a way, the seeds of the idea of an 
electronic library were sown more than 
50 years ago, when in 1954, Gene Gar¬ 
field wrote as the first Grolier Society 
Fellow at Columbia University that ‘the 
ideal library must be able to supply in¬ 
formation instantaneously [and] satisfy 
a wide variety of information require¬ 
ments for a population that will be 
highly intellectual and scientifically 
trained’. The founder of ISI then used 
the term ‘library system for the year 
2045!’ Now it appears, thanks to devel¬ 
opments in information technology and 
the growing demand for accurate infor¬ 
mation to meet specific demands, that 
his dream will come true 50 years ear¬ 
lier than anticipated by him and others. 


1. Arunachalam, S., Curr. Sci., 1994, 67, 
977-978. 


Subbiah Arunachalam, Central Elec¬ 
trochemical Research Institute, 
Karaikudi. 
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Total solar eclipse - October 1995 


On October 24 this year, the track of 
totality of a solar eclipse will cross a 
40-55 km wide strip of land in northern 
India. Total eclipse may be seen from 
any location within this strip, which will 
stretch from Rajasthan in the west to 
West Bengal in the east. The beginning 
of the eclipse will be over Iran at sun¬ 
rise, and will end over the Pacific Ocean 
at sunset. In India, the total phase will 
be visible between 8.30 and 8.50 in the 
morning as the shadow will sweep over 
the country; the duration of totality on 
the centre line will range from 45 s over 
Rajasthan to about 80 s in West Bengal. 
Full details of the visibility of the 
eclipse have been calculated and given 
in the NASA Reference Publication No. 
1344 (ref. 1). Weather conditions over 
the path are expected to be favourable^. 

One point about total solar eclipses 
often missed is that the view of the 
totally eclipsed sun cannot be obtained 
from outside the track of totality; what 
one can see is only a partially eclipsed 
sun. A few accompanying features such 
as considerable diminution of daylight, 
perhaps even a view of a few bright 
stars and planets may be seen, but most 
of the spectacles, the chromospheric 
flash, the glorious view of the corona, 
etc., will be missed. But these views are 
so rare that many who had stayed outside 
the track do not even realise what they 
have missed. I have come across many 
persons who claim to have witnessed a 
total eclipse, but on scrutiny it has come 
out that they have witnessed only a partial 
phase of the total eclipse. The records in 
such cases reveal that the track of totality 
of that particular eclipse did not pass 
through the city where they were located. 

The chances of an eclipse track pass¬ 
ing over a particular spot are very rare; 
statistical calculations indicate that on 
an average the chances are roughly once 
in 350 years. We may check the rate by 
comparing the visibility chances at a 
few particular spots. This year the track 
will pass slightly south of the city of 
Calcutta; the last time such an event was 
seen from this locality was on 10 May 
1575 during the reign of Akbar, the 
Mogul. The last time an eclipse track 
passed within 50 km of Bangalore was 
on 5 July 1293; the city was not even 
founded. The next time it will be on 5 


July 2168, a really long wait indeed! 

But as in all statistical figures, certain 
extremes are unavoidable. In recent his¬ 
tory, two eclipse tracks crossed over 
Newfoundland in the eastern coast of Can¬ 
ada within two years and four months, i.e. 
on 7 March 1970 and 10 July 1972. Still 
more strange is a spot in Siberia, where 
three eclipse tracks passed over within 
eleven years, viz. 1941, 1945 and 1952. 

As far as the subcontinent of India is 
concerned, calculations reveal that dur¬ 
ing the twentieth century, eclipse tracks 
should pass over part of it just five 
times. Three events are already over; 
two, including the one this year, are yet 
to happen. The first was on‘21 August 
1914, when the track ended over the 
Rann of Kutch at sunset. The second, a 
similar one on 30 June 1954 had the 
path of totality slightly north, which 
again ended at sunset over the Rajasthan 
desert. The third one was the best 
among the five; its duration was about 
3 min and the totality path crossed over 
Karnataka, Andhra Pradesh, and Orissa, 
and again over a short stretch over 
Mizoram. It happened in the afternoon 
with the sun still high in the sky and pro¬ 
vided a unique opportunity of viewing the 
beauty of totally eclipsed sun to millions 
on its track. It is beside the point that 
countless numbers deprived themselves of 
this chance because of blind superstition. 

For this year’s eclipse, detailed maps 
showing the eclipse path in India have 
been given by Singh^ I am giving only 
some important points about the event 
from the viewpoint of observers from 
India. The first glimpse of totality will 
be from a village Anandgarh on the 
Indo-Pak border at 0830 1ST, with the 
sun 20® above the horizon; its duration 
will be about 45 s. Two fairly big towns 
in Rajasthan, Alwar and Bharatpur will 
fall in the eclipse path though not on the 
centre, as a result of which the duration 
of totality for viewers located at these 
places will be reduced. The cities of 
Agra and Etawah will fall just outside 
the path, while Allahabad and Mirzapur 
will be just inside; but to get a good 
view of the eclipse the viewers will have 
to move some 10-15 km to reach the 
centre of the eclipse path. In Bihar, both 
Ranchi and Hazaribag will fall a few km 
outside, so also the metropolis of Cal¬ 


cutta, whose southern suburban area 
will be just inside the eclipse path. Du¬ 
ration here on the centre of the track 
will be about 80 s, with the sun’s alti¬ 
tude about 40° at mid totality. 

After this year’s eclipse, one more 
eclipse track will cross over India in the 
late afternoon of 11 August 1999. The 
course of the shadow will cross Gujarat, 
Madhya Pradesh and Andhra Pradesh 
and will end at sunset over the Bay of 
Bengal. But considering the seasonal 
chances of monsoon clouding over the 
eclipse path and the lower altitude of 
the sun in that event, this year’s eclipse 
appears to be the last good chance for 
Indian scientists in this century foi|ar- 
ranging experiments which will hope¬ 
fully produce some vital clues to the 
mystery of the sun. 

The scientific explanations for the oc¬ 
currences of total eclipses and various 
observable events are available in the 
literature; scientific experiments under¬ 
taken during such events are also ex¬ 
tensively covered in some review arti¬ 
cles'^. We may skip those points to avoid 
unnecessary repetition and concentrate 
on various features observable by ama¬ 
teur astronomers and general viewers. 
We may carefully note one warning: 
looking at the bright disc of the sun 
without protection is hazardous. During 
an eclipse event, most of the time the 
uneclipsed part will be visible, it may 
only be viewed through a heavily dark¬ 
ened filter. The type of goggles which 
the welders use are quite suitable; they 
cut down the brightness to about 10“^ 
which is essential. An alternative can be 
prepared by exposing black and white 
photographic films to daylight (not di¬ 
rect sun) and developing them fully in 
the dark room. The- films can then be 
fixed in hypo, washed and dried in air. 
One layer may not provide the extinc¬ 
tion needed; two or three layers 
mounted together may be necessary. The 
sun through this composite may look 
brownish and can be viewed^ without 
any discomfort. 

. Once armed with this device, we can 
venture to view an eclipse event. Let us 
imagine that we are located at the centre 
of the path of totality. The invisible 
moon will be approaching the sun from 
the west; the first contact will appear as 
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an almost unnoticeable dent in the solar 
disc. Minute by minute the eclipse will 
grow; slowly we will be able to recog¬ 
nize the dark shape of the moon. The 
moon appears here as pitch dark, even 
though considerable light reflected from 
the earth illuminates its face. This ap¬ 
pearance is purely due to contrast to the 
uneclipsed part of the bright photo¬ 
sphere. 

Not very spectacular things seem to 
have happened as yet: there is a gradual 
decrease in general illumination and the 
air temperature starts falling, and this 
can be felt. I have been told that confu¬ 
sion can be noticed among flocks of 
birds and herds of cattle at the untimely 
appearance of the dusk, but am unable 
to describe in proper sequence from my 
own experience, because whenever I 
faced such a situation in the past, I was 
much too occupied and worried about 
my experiments to pay attention to these 
details. But one does not miss some 
amount of eerieness in the atmosphere 
at that time. 

Something noticeable happens in the 
shadows cast by obstacles. If we have a 
tree nearby then through some gaps in 
the foliage tiny bits of sunlight fall on 
the ground. In normal times these take 
the form of diffuse circles of light but 
now one may clearly notice sickle¬ 
shaped light spots instead. In fact, these 
are pinhole images of the partially 
eclipsed sun through the narrow open¬ 
ings in foliage. It is as expected from 
the laws of physics, but nevertheless 
quite striking in appearance. 


Now let us turn our attention to the 
sun; the sun is already in a crescent 
form, something similar to the crescent 
moon, only the edges are much sharper. 
They get thinner and thinner and ulti¬ 
mately break up into a string of bright 
beads; these are called Baily’s beads 
after the scientist who first described the 
phenomenon in 1836. The appearance is 
due to unevenness of the lunar limb; the 
photosphere may shine through small 
valleys for a few seconds more after 
almost the entire disc has been covered 
by the moon. Sometimes the presence of 
a deep valley may produce a ‘diamond 
ring’ event, when just one very bright 
point as if mounted on a ring of pink 
chromosphere may be seen. Any idea of 
the beauty of this diamond ring is diffi¬ 
cult to convey to a person who has not 
seen it. 

One more interesting piece of obser¬ 
vation may be made at this juncture; 
bands of light and shadow may be seen 
on the ground, rippling all over. There 
are different appearances of these 
shadow bands, and in that unreal atmos¬ 
phere the observers imagine different 
things. Some see them as if standing in 
a snake-pit with vipers crawling all 
around, and some see the event as faint 
shadow ripples passing under their feet. 
The phenomenon is similar to the 
twinkling of stars and owes its origin to 
the irregular refraction by atmospheric 
eddies. The only difference is that 
shadow bands cast in the light of bright 
stars are not detectable in reflected 
light, but the tiny Baily’s beads are 


much brighter and the bands created in 
their light are easily detected by unaided 
eye. 

The pink chromosphere flashes out as 
soon as the photosphere is covered; if 
the sun is active, a few prominences, 
plumes of glowing solar gas stretching 
out of the limb may be seen. The view 
lasts for one or two seconds only, but 
this short stretch of time is most eagerly 
awaited by solar physicists, ever since 
Janssen and Tennant did the pioneering 
experiments on the tobacco fields of 
Guntur on the morning of 18 August 
1868, when a new element helium was 
discovered, 27 years before it was de¬ 
tected in a British laboratory by William 
Ramsey. 

For amateurs and general eclipse 
viewers I may safely recommend an 
interesting observation. The only in¬ 
strument one will need is a pocket-sized 
direct vision spectroscope. One should 
keep looking through this instrument at 
the thinning crescent sun; the protective 
dark filter should be removed; the spec¬ 
troscope will disperse sunlight auto¬ 
matically bringing down its intensity to 
a safe level. One will see dark Fraun¬ 
hofer lines clearly; the moment the 
photosphere is covered by the moon, all 
dark lines will flash into an array of 
vividly coloured emission lines. This 
experiment was first performed by C. A. 
Young of Princeton University during 
the eclipse of 22 December 1870, and 
ever since it has been repeated almost in 
all eclipses, not only for the valuable 
information about the detailed structure 
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of the solar chromosphere but also for 
the sheer magical beauty of the event. 

As the moon will cover up the thin 
chromosphere, the pink light will fade 
and be replaced by the pearly white 
glow of the solar corona. I must repeat 
that the protective dark filter will have 
to be removed during totality, otherwise 
all of these interesting views will be 
missed. The size and shape of the co¬ 
rona varies from eclipse to eclipse, de¬ 
pending upon the phase of the solar 
activity cycle. At sunspot maximum the 
corona will be extensive and covers all 
sides, while at minimum it generally 
avoids polar regions and extends mainly 
over the solar equator. This year’s 
eclipse will be near a sunspot minimum 
and the latter shape is expected. But 
even then, the glow of the corona will 
prevent the sky from becoming totally 
dark; there will be almost as much light 
as that from a full moon, but it will be 
more mysterious, more ethereal, spin¬ 
ning a web of fantasy over the whole 
atmosphere. 

The pictures of the solar corona we 
see on the pages of astronomy textbooks 
are far from inspiring, most of the intri¬ 
cate beauty being lost in the recording 
process. But the eye can perceive many 
details of streamers and rays, and catch 
the subtle display of light and its varia¬ 
tions over the precious seconds of total¬ 
ity. Of course, the neV recently devel¬ 
oped techniques of scientific processing 
of the coronal photographs in the labo- 
ratary can bring out part of the lost in¬ 
formation, though not the beauty of the 
grandest spectacle of nature. 

The totality ends rather suddenly, 
with a brief appearance of chromo¬ 
spheric glow, Baily’s beads and, if 
lucky, with a diamond ring event; then 
one can see even the moon’s shadow 
racing away, and daylight reappearing 
like a flood. The eclipse is over, al¬ 
though the crescent sun will take almost 
an hour more before assuming the nor¬ 
mal full disc form. 

It is indeed a pity that many persons 
refuse to see the total eclipse because of 
superstitious ideas. Some think that 
harmful radiations emanate from the sun 
during eclipses; some even go to the 
extreme of imagining that poisonous 
gases pervade the earth’s atmosphere. 
The unusual happenings in the sky used 
to strike terror in the minds of primitive 
men, who imagined demons devouring 


the sun and eventually destroying every¬ 
thing; the customary penances and ritual 
baths after the event are remnants of the 
original feeling of terror. The ideas of a 
demon devouring the sun have largely 
disappeared, but the fear of the un¬ 
known persists. I know persons who not 
only refused to observe the eclipse, but 
kept their entire families locked indoors 
to prevent them coming under the influ¬ 
ence of the eclipse; even tiny holes in 
their windows were plugged to stop the 
light from the eclipsed sun to enter their 
homes. It is difficult to explain to them 
that nothing happens to the sun during 
eclipses; the shadow cone cast by the 
moon is always floating in space, and 
this just goes over the earth’s surface 
during eclipses. Even the idea of genera¬ 
tion of poisonous gases or bacteria in the 
shadow cone is unscientific; the earth 
also carries its own shadow cone on the 
night side, everyday we are living in it for 
twelve hours. It is futile to point out that 
these ideas are totally based on ignorance 
and have no trace of scientific logic. The 
persistence of the feeling is aided by the 
extreme rarity of the phenomenon; for 
people rooted to their homestead, the 
chance of viewing a total eclipse comes 
once in fourteen generations. 

Many point out the occurrence of 
eclipse blindness which had totally 
spoilt the eyesight of many persons in 
the past. This fear is genuine but need 
not be attributed to any strange unnatu¬ 
ral phenomena during eclipses. The real 
reason lies in the extreme brightness of 
the sun; if any person keeps on looking 
at the sun, his retina will also get burnt 
out, causing blindness. In normal times 
physiological reflexes prevent such mis¬ 
haps but during the penultimate minutes 
just prior to totality, general illumina¬ 
tion falls and human iris opens up to 
collect as much light as possible in the 
rapidly darkening surroundings. But the 
crescent sun retains the same intrinsic 
brightness per unit area, and its image 
focused on the retina with the fully 
opened eye-lens burns out a sickle¬ 
shaped area of the sensitive tissue. The 
dangerous aspect of this accident is that 
the observer does not feel any pain, and 
the damage is done without the viewer’s 
knowledge. Prevention of such happen¬ 
ings is simple and has been prescribed 
earlier in this article. Nothing happens 
to the skin or any other part of the body 
by exposure to the eclipsed sun. 


To conclude, I may say that this is a 
rare opportunity for many to witness an 
event which I may call as Nature’s 
grandest spectacle. I am still to meet any 
person who has gone and witnessed a 
total solar eclipse, and repented the 
trouble and extra effort needed for his 
adventure. 

On the eve of the total solar eclipse of 
16 February 1980, Dr M. K. V. Bappu 
had addressed the Osmania University 
faculty and the students; I feel his con¬ 
cluding advice may be retold now. 
An excerpt below gives beautifully what 
1 wish to convey to all enthusiastic 
viewers; 

U now think of the man who enjoys 
some of the nice sights of Nature, one 
who has got an aesthetic sense of feel¬ 
ing of appreciation of beauty, who en¬ 
joys a good sunset, who finds a feeling 
of delight at hearing the roaring waters 
of a waterfall or of a gurgling stream as 
it passes by, who delights in a good 
rainbow or takes a fancy for seeing the 
well-spun cobweb of a spider on a dewy 
morning; in short, an individual who is 
alert to his environment and who enjoys 
different aspects of it. I think there is 
much for him in witnessing one of these 
rare sights of the total eclipse of the 
Sun. I hope that he would just travel 
down not very far, just even twenty 
miles south of Hyderabad and take with 
him, probably a minimum of equipment, 
just his own eyes, and go through this 
delectable feast that is really only a feast 
of the Gods. 

I have only to substitute the city of 
Hyderabad by a chain of cities in North 
India for this year’s eclipse; otherwise, 
the advice remains the same for millions 
who do not wish to miss an opportunity 
of a lifetime. 


1. Espenak, F. and Anderson, J., NASA 
Reference Publication No. 1344, 1993. 
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10th Himalaya-Karakoram-Tibet Workshop, Switzerland, 
1995 - Conference report 


Since 1985, a series of international 
annual meetings on the geology of the 
Himalaya-Karakoram-Tibet region have 
been held: Leicester, UK (1985); Nancy, 
France (1986); London, UK (1987); 
Lausanne, Switzerland (1988); Milan, 
Italy (1990); Grenoble, France (1991); 
Oxford, UK (1992); Vienna, Austria 
(1993); and Kathmandu, Nepal (1994). 
The 10th Himalaya-Karakoram-Tibet 
Workshop was held at Monte Verita, 
Ascona city, in Switzerland on April 3— 
8 1995. This was the second time that 
the Swiss held the Workshop, and it was 
organized by David Spencer, Jean- 
Pierre Burg and Cinzia Cervato-Spencer 
of the Institute of Geology, Swiss Fed¬ 
eral Institute of Technology (ETH), 
Zurich. A combination of several factors 
made this meeting very successful. The 
ETH geologists have a long record of 
research in the Himalaya. Augusto 
Gansser (now 85) is a pioneer Himala¬ 
yan geologist. His book Geology of the 
Himalayas^ is a cornerstone of our 
geologic knowledge of the Himalaya. 
Gansser, former Chairman of the ETH 
Institute of Geology and now a retired 
Emeritus Professor, opened the Work¬ 
shop with a fascinating talk on his 60 
years of geologic work in various parts 
of the Himalaya, including his visit to 
the holy mountain of Kailash in 1936. 
Gansser and Arnold Heim (the son of 
the famous alpine geologist Albert 
Heim) published the results of their 
field work in Darjeeling, Kumaun and 
south Tibet in a treatise. Central Hima¬ 
laya^, an original and pioneering piece 
of work. 

The Workshop was well organized. It 
was held in a charming spot in Switzer¬ 
land: the ETH Conference Centre at the 
Alpine hilly station of Monte Verita 
facing the blue lake of Maggiore. Fees 
for accommodation and food were sub¬ 
sidized. And more important, 25 par¬ 
ticipants came from the Himalayan 
countries - thanks to the fund-raising 
efforts of the conveners. Some 144 par¬ 
ticipants from 17 different countries in 
Europe, North America and Asia at¬ 
tended the Workshop. 

The Himalayan Workshops are a 


timely response to increasing interest 
among geologists in the Himalaya and 
Tibet. With an area of some 2.5 mil¬ 
lion km^ a mean elevation of 5000 m 
above sea level and crustal thickness of 
about 70 km, the Tibetan Plateau is the 
world’s largest highland. Its geological 
genesis is still an enigma. The Himalaya 
bordering the southern margin of Tibet 
is the loftiest and youngest mountain 
chain on earth. These spectacular 
mountains hold crucial keys to under¬ 
standing how mountains resulting from 
the collison of continental plates form. 
They are also linked in many ways to 
the ecology and life in south Asia. Riv¬ 
ers, rain-bearing monsoon clouds, and 
sediments coming from the Himalaya 
support agricultural communities, ac¬ 
counting for more than 10% of the 
world’s population; they are also re¬ 
sponsible for the formation of the 
world’s largest delta (the Ganges Delta) 
and the largest marine fan (the Bengal 
Fan). In recent years, it has also been 
suggested by Raymo et al} that the up¬ 
lift and erosion of high mountains, es¬ 
pecially the Himalaya-Tibet region, 
initiated the ice ages in the northern 
hemisphere during the past 3 million 
years. This is possible because high 
rates of chemical weathering and denu¬ 
dation absorb atmospheric carbon diox¬ 
ide. This hypothesis was recently fea¬ 
tured in a BBC documentary entitled 
‘Tibet: The Ice Mother’, which was also 
shown at the Workshop. 

It was, therefore, appropriate that a 
special session of the Workshop (with 
10 oral presentations) be devoted to 
‘Geological processes related to uplift, 
exhumation and elevation of the Hima¬ 
laya, Karakoram and Tibet’. This author 
began the session by presenting a se¬ 
quential history of the uplift and denu¬ 
dation of the Himalaya throughout the 
Cenozoic, and emphasizing that the rise 
of the Himalaya seems to have occurred 
episodically in several distinct phases 
rather than a steady-rate slow history, a 
single big boom or merely chaotic 
events here and there. A one-hour Dis¬ 
cussion Meeting had also been sched¬ 
uled to discuss informally ‘The mecha¬ 


nisms and consequences of Tibetan 
plateau uplift’, led by Peter Molnar, a 
geophysicist who has been pondering on 
the geo dynamic evolution of the Hima¬ 
laya and Tibet since the early 1970s 
(Molnar and Tapponnier’s influential 
paper"^ in Science is a must to read). 
During discussions on the uplift history, 
it seemed that two major ideological 
camps among Himalayan researchers 
exist: those who confine the uplift of the 
Himalaya and Tibet to the Miocene ep¬ 
och (23-5 Ma) (e.g. Molnar), and those 
who also add a major Quaternary (the 
past 1.6 million years) phase of uplift to 
this history (e.g. Gansser). 

We know that the Himalaya grew out 
of the closure of the Tethyan Ocean, 
which once lay between India and Asia. 
We also know that the initial boundary 
between the Indian and Asian tectonic 
plates, along which Tethys was con¬ 
sumed and subsequent India-Asia colli¬ 
son took place, is represented by the 
Indus-Tsangpo Suture Zone, first sug¬ 
gested by Gansser in 1964. But the 
timing of this collision is controversial. 
Richard Beck of the University of South 
California presentq^^ a summary of his 
research group’s reSent paper^ in Nature 
presenting stratigraphic evidence from 
the Indus Suture Zone in Pakistan that 
the collision took place between 65 and 
57 million years ago (Ma) at least in 
northwestern Himalaya. Previously, 
Searle et al.^ had argued that the colli¬ 
son was at 50 Ma. Another one-hour 
discussion was devoted to ‘The timing 
of the India-Eurasia' collision’, headed 
aptly by Searle and Beck. Much stimu¬ 
lating discussion followed, and with a 
mood of ‘back to the basics’, the very 
definition of ‘continental collision’ was 
questioned. ‘Continental collision’ goes 
through an early stage of ‘ocean floor 
termination’, i.e. when the basaltic 
ocean floor is completely consumed by 
the process of subduction, and a later 
‘continental suturing’, i.e^ when the 
shallow marine facies changes into 
purely continental sedimentation. Beck 
defined the ‘collision’ as the former, 
and Searle as the latter. But why not 
consider both of them as initial and end 
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members of ‘continental collision’?- 
ocean floor termination initiating the 
deformation of the colliding continents, 
prominently involving the accretionary 
prism, although shallow marine sedi¬ 
mentation is still going on, and conti¬ 
nental suturing giving rise to land 
conditions at the site of the collision. 
There may be a time span of several 
million years between these two events. 
In other words, drifting and converging 
continental plates ‘hit’ each other before 
they actually ‘meet’ each other. 

The Himalaya as we know consists of 
a series of fold-and-thrust belts. The 
backbone of these mountains is the 
Central Crystalline Zone of the Higher 
Himalaya, which has thrust over the 
Lesser Himalayan sediments and low- 
grade metamorphosed sediments along 
an orogen-scale rupture known as the 
Main Central Thrust (MCT). Some 20 
years ago, Le Fort^ proposed a model 
according to which simultaneous meta¬ 
morphism and thrusting along the MCT 
brought ‘hot’ rocks of Higher Himalaya 
over the ‘cold’ Lesser Himalaya, caus¬ 
ing an ‘inverted metamorphism’, i.e. 
metamorphism temperature-pressure 
conditions increasing upwards the 
mountains. This model was put forward 
to answer the enigma of inverted meta¬ 
morphism in the Himalaya, first ob¬ 
served by several geologists in the late 
19th century. There are, however, sev¬ 
eral other models to explain inverted 
metamorphism, including granitic in¬ 
trusions in the Higher Himalaya, differ¬ 
ential thrusting of each metamorphic 
zone, large-scale folding of metamor¬ 
phic isograds, and ductile shearing dis¬ 
tributed across the Central Crystalline 
rocks. Several talks addressed these 
issues, and a one-hour Discussion 
Meeting was devoted to ‘20 years of 
MCT models-Which ones work?’. It 
seems that to relate the Himalayan in¬ 
verted metamorphism to the MCT a 
clear definition of the MCT along the 
strike of the Himalaya is required (Mr. 
X’s MCT in Garhwal may be entirely 
different from Mr. Y’s MCT in Nepal 
and hence confusing debates) and then 


it should be considered whether the 
MCT is a unique single structure in 
terms of Himalayan metamorphic his¬ 
tory or rather a wide zone of multiple 
thrusts and shearing. Systematic ther- 
mochronological and thermobarometric 
data across the Higher Himalaya are 
also required to address the ‘puzzle’ of 
inverted metamorphism. In the end, we 
may find that each model, like the four 
blind men in the famous Indian parable, 
touches a certain aspect of ‘the ele¬ 
phant’ and conveys some but not all of 
the truth, of course with all the likeli¬ 
ness that some of the models are more 
truthful than others. 

John Ramsay, a well-known structural 
geologist who succeeded Gansser at the 
ETH Institute of Geology and is now 
retired (himself succeeded by Jean- 
Pierre Burg, a convener of the Work¬ 
shop) gave an overview of the discus¬ 
sions during the four-day Workshop. 
Ramsay remarked that as Emile Ar- 
gand’s 1916 map of the western Alps 
has changed little after eight decades, 
Gansser’s 1964 geological map of the 
Himalaya is essentially valid to this day. 
What aspects of Himalayan geology may 
be expected to yield novel discoveries 
in the future? From the standpoint of 
structural geology, Ramsay emphasized 
the need to study the deformation his¬ 
tory within the geological divi¬ 
sions of the Himalaya rather than merely 
viewing each orogen-scale division as 
an intact unit. 

The Abstract Volume was published 
as No. 298 issue of Mitteilungen aus 
dern Geologischen Institute, ETH (349 
pp). A proceedings volume of the Work¬ 
shop containing selected, referred pa¬ 
pers is scheduled to be published in 
Tectonophysics in 1996. A total of 48 
oral presentations were made in 10 ses¬ 
sions: Tectonics and Palaeoclimate (2 
talks). Southern Tibet (4), Tibetan Pla¬ 
teau (3), Himalayas of Pakistan and 
India (14), the Main Central Thrust (4), 
Central and Eastern Himalaya (14), 
Asian tectonics (4), and Applications of 
geochronology in the Himalaya (3). 
Some 52 posters were displayed and 


each poster was given three minutes to 
convey its main message, which was a 
good strategy to handle poster presenta¬ 
tions. Overall, the coverage of topics 
was well balanced, although at the end 
of the Workshop there was criticism that 
usually in the Himalayan Workshops 
much attention is paid to ‘hard rock’ 
geology, while many important clues to 
understand the evolution of the Hima¬ 
laya are hidden in its sedimentary record 
(‘soft rock’ geology). Interestingly, this 
criticism was made by two stratigra- 
phers, Aymond Baud (Switzerland) and 
aurizio Gaetani (Italy) as well as by a 
tectonist, Vikram Thakur (India). 

Most of the Indian participants at the 
Workshop came from the Wadia Insti¬ 
tute of Himalayan Geology (Dehra Dun) 
and the Birbal Sahni Institute of Pa- 
laeobotany (Lucknow), which are, in my 
opinion, two of the best geoscientific 
research institutions in India, aptly 
named after the great Indian scientists: 
D. N. Wadia (1883—1969) and Birbal 
Sahni (1891—1949). India with its vast 
resources in Himalayan geology should 
try to hold one of the Himalayan Work¬ 
shops in the future - before the new 
millennium begins! 
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A good beginning 


Current Science deserves appreciation 
for the courage and the cudgels it has 
taken up to improve the standards of 
teaching science and scientific research 
in our universities. There is no gainsay¬ 
ing the fact that owing to several arti¬ 
cles published in Current Science in the 
last two years or so the subject of dete¬ 
riorating quality of science, both teach¬ 
ing and research, in our universities is 
no more a sacred cow. Several consci¬ 
entious academicians have voiced their 
opinion that the onus for this unsatisfac¬ 
tory state of affairs, several things apart, 
lies to a fair degree of measure on the 
scientific and teaching community 
also^’^. It is heartening to see that in 
terms of objectivity and critical ap¬ 
praisal of scientific research being con¬ 
ducted in our universities and research 
institutions, the articles published in 
Current Science score over those which 
appeared sometime back in Nature^, in 
which every thing about scientific 


research in India was goody goody and 
the other side was totally overlooked. 
Lack of critical self-appraisal, which, of 
late, has come to pervade our scientific 
and educational institutions of higher 
learning is one of the important causes 
of our mediocrity in these areas. It is 
high time that we get ourselves rid of 
this malady lest it is passed on to our 
future generation of teachers and scien¬ 
tists. In this regard we need to take a 
lesson from S. Chandrasekhar, whose 
recounting of the story of Daedalus and 
Icarus elegantly brings out how critical 
self-appraisal is fundamental to all good 
research and advancement of science"^. 

The initiative of the Council of the 
Indian Academy of Sciences to improve 
the standards of science education in the 
country is timely and the agenda enun¬ 
ciated in the ‘Academy Paper’^ is both 
laudable and challenging. If the articles 
published in Current Science have 
struck a chord in the hearts of our young 


researchers and teachers then, probably, 
a good beginning has already been made. 
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RESEARCH NEWS 

Does low serum cholesterol increase suicide and aggressive 
behaviour? 


Amar Bavle 

It is a well-established medical fact that 
high serum cholesterol is a risk factor 
for developing ischaemic heart disease 
and that lowering the high level of 
serum cholesterol in these patients re¬ 
duces mortality. Interestingly, follow-up 
studies showed no overall reduction in 
the mortality rates. A meta analysis of 
six primary prevention trials of choles¬ 
terol-lowering agents in men (pooled 
N= 24,847) by Muldoon et al} revealed 
that the intervention group experienced 
reduction of deaths from heart disease 
compared to controls but the total mor¬ 
tality remained the same. This means 
that with reduction of serum cholesterol, 
mortality from other causes increases. 

This prompted a detailed examination 
of the causes of noncardiac mortality. 


Epidemiological studies have examined 
the relationship between nonmedical 
mortality and baseline low serum cho¬ 
lesterol in the general population. The 
Varmland study in Sweden by Lindberg 
et al.^ and the study of Neaton et al^, 
both in 1992, screened more than 
350,000 men and showed a higher mor¬ 
tality in men with low serum choles¬ 
terol. Most unexpectedly, the higher 
mortality from noncardiac causes was 
found to be mainly due to suicides and 
traffic accidents and aggression as well. 
A higher risk of suicide and deaths from 
accidents were reported from a meta 
analysis that pooled the results of 18 
prospective epidemiological studies'*. 

More recent findings^ suggest that 
men with serum cholesterol levels at or 


below the 25th percentile were twice as 
likely to have ever made a serious suici¬ 
dal attempt compared to men whose 
serum cholesterol was above the 25th 
percentile. They have proposed that low 
serum cholesterol is a potential biologi¬ 
cal marker of suicidal risk. 

Is it possible to explain the increased 
suicide rates in people with low serum 
cholesterol? There is an interesting hy¬ 
pothesis to explain this. The explanation 
invokes the serotonin hypothesis of 
depression, suicide and impulse control 
disorders (which includes aggressive 
behaviour). All these conditions are 
associated with low serotonin levels in 
the brain and low serotonin levels in the 
human brain are associated with poorer 
suppression of behavioural impulses 
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like suicide and aggressive behaviour^. 

There is evidence that low serum 
cholesterol is associated with a number 
of aggressive behaviours. For example, 
varied psychiatric disorders where ag¬ 
gression is an important symptom, like 
in male homicidal offenders who are 
habitually violent under the influence of 
alcohol^, and male criminals with anti¬ 
social personality disorder who are ag¬ 
gressive®. Even from animal experi¬ 
ments there is some evidence that a 
cholesterol-reducing diet in monkeys 
makes them more aggressive^. A low 
cholesterol diet in monkeys is also as¬ 
sociated with low brain serotonin lev¬ 
els Both suicide and aggressive be¬ 
haviour, therefore, are associated with 
lower serum cholesterol possibly reduc¬ 
ing brain serotonin levels^. 

In summary, there is evidence that 
noncardiac deaths, particularly suicides, 
occur not only in patients receiving 
cholesterol-lowering drugs but also 


in people whose serum cholesterol is 
naturally low. Interestingly, for some 
unknown reason, this effect is much 
more pronounced in men than in 
women. The question that is yet to be 
answered is: Is it correct advice to tell 
people to keep their cholesterol levels 
low? Cardiologists will invariably say 
yes, because it reduces mortality from 
cardiac conditions. It would be wiser to 
review the answer in the light of recent 
findings and look at it from all angles 
rather than just the narrow cardiac 
viewpoint. 

It would be interesting to examine to 
what extent these patterns are seen in 
the Indian population. These investiga¬ 
tions have recently been undertaken. 


1. Muldoon, M. F., et al., Br. Med, J., 
1990, 301,309-314. 

2. Lindberg, G. et al, Br, Med. J., 1992, 
305, 277-279, 


3. Neaton, D. et al. Arch. Int. Med., 1992 
152, 1490-1500. 

4. Jacobs, D. et al. Circulation, 1992, 86, 
1046-1060. 

5. Golier, J. A. et al.. Am. J. Psychiatr., 
1995, 152,419-423. 

6. Engelberg, H., 1992, 339 111 - 

729. 

7. Virkhunen, M., Neuropsychobiology, 
1983, 10, 65-69. 

8. Virkhunen, M., Neuropsychobiology, 
1979, 5, 27-30. 

9. Kaplan, J. R., et al, Psychosom. Med., 

1991, 53, 634-642. 

10. Muldoon, M. F. et al, Biol. Psychiatr., 

1992, 31, 739-742. 

ACKNOWLEDGEMENT. I acknowledge the 
critical comments, suggestions and encour¬ 
agement offered by Dr N. V. Joshi in prepar¬ 
ing this paper. 


Amar Bavle is in the Department of 
Psychiatry, M. S. Ramaiah Medical 
College, Bangalore 560 054, India. 


Bose-Einstein condensation in a dilute atomic vapour 


N. Kumar 

A team of researchers working at the 
Joint Institute for Laboratory Astrophys¬ 
ics (JILA) in Boulder, Colorado, has 
just announced^ having observed three 
distinct signatures for the occurrence of 
Bose-Einstein condensation (BEC) in a 
dilute ultracold vapour of atomic rubid- 
ium-87 (®’Rb). The most distinctive 
signal claimed for the onset of the BEC 
was an abrupt appearance (and gradual 
growth) at (and below) a threshold tem¬ 
perature of an anisotropic momentum 
distribution sharply peaked about zero 
against a diffuse, isotropic thermal 
background that reflected the lowest- 
energy .y/ng/e-particle state, now being 
occupied macroscopically (i.e. exten¬ 
sively) by the bosonic ®’^Rb atoms. And 
that is precisely what the Bose-Einstein 
condensation is all about - a macro¬ 
scopic {finite fraction of the total) num¬ 
ber of particles occupying the lowest- 
energy article state, leaving the 

higher states sparsely populated. 

The experiment involved (i) confining 
a sample of about 2000 ®'^Rb atoms to a 


volume about 10|im across, thus com¬ 
pressing the vapour to a number density 
of about 2.6 x 10^^ cm"^, and (ii) cool¬ 
ing it to an abysmally low temperature 
of about 170 nk and maintaining the 
BEC so obtained for a reasonable length 
of time of about 15 s for diagnostic 
studies. All this necessitated a syner¬ 
getic combination of novel experimental 
techniques for trapping and cooling of 
atoms. Thus, the magnetic trap used was 
essentially a quadrupolar magnetic field 
that dotted with the antiparallel-aligned 
magnetic moments of ®^Rb atoms (F = 2, 
mp = 2) so as to give a confining poten¬ 
tial well. This potential well, however, 
had at its central minimum the magnetic 
field equal to zero, allowing the atoms 
to flip their moments freely through 
unavoidable perturbations and escape. 
This leak was plugged in an ingenious 
manner by superimposing a rotating 
magnetic field, slow enough for the 
moments to follow adiabatically but fast 
enough to yield a time-averaged orbiting 
potential (TOP) which was parabolic, 


and with a non-zero averaged magnetic 
field at the minimum that prevented the 
spin flip. The TOP was a uniaxial 3D 
harmonic potential giving an oblate 
ground state wavefunction. The latter 
was reflected in the anisotropic momen¬ 
tum (velocity) distribution of the BEC 
recorded by shadow imaging. As for the 
cooling, the atomic gas was precooled 
by the laser Doppler technique, in which 
the atoms are retarded by a set of coun¬ 
terprop agating laser beams with their 
frequency tuned slightly below that for 
an atomic resonant absorption. The 
Doppler shift then ensures that the 
moving atom has the Sisyphean task of 
always having to climb up a potential 
hill and hence get retarded to a near¬ 
zero speed. This is then followed by a 
forced evaporative cooling in which the 
more-than-average energetic atoms are 
allowed to escape the magnetic trap at 
the edges, leaving the tardier atoms to 
thermalize to a lower temperature. The 
evaporation is ingeniously forced by an 
rf magnetic field that flips the spins of the 
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energetic atoms near the edge. This in¬ 
stantly inverts the potential well, thus fa¬ 
cilitating escape. These techniques, devel¬ 
oped and perfected over the years building 
on the work of several research groups, 
enabled the researchers to create finally the 
extreme condition of phase space density 
^^ 7 ^=2.621 required for BEC. Here n is 
the number density and Xf = 
is the thermal de Broglie wavelength of the 
condensing atoms. 

Now, the idea of Bose-Einstein con¬ 
densation is by itself not new, having 
been predicted by Einstein in 1925 for 
"^He, basing on the then new quantum 
Bose statistics for particles with integral 
spin, such as photons, proposed by 
Satyendra Nath Bose^. Unlike their half¬ 
integral ‘exclusive’ cousins, the fermi¬ 
ons (such as electrons or ^He), bosons 
are gregarious, and arbitrarily large 
number of them are allowed (in fact, are 
encouraged to) occupy a given single- 
particle state. At a sufficiently low 
(high) temperature (density) this creates 
an overpopulation crisis and a macro¬ 
scopic (finite fraction of the total) num¬ 
ber condenses into the lowest single¬ 
particle state. This, of course, happens 
only for permanent bosons with a fixed 
given number (e.g. "^He) and not for 
photons, say, where the number keeps 
diminishing as the temperature is low¬ 
ered and hence no BEC. At this phase- 
space density, the de Broglie wave¬ 
length is comparable to the mean inter¬ 
particle spacing (overlapping wave- 
functions), and the quantum-mechanical 
indistinguishability of identical particles 
asserts itself by making the condensate 
behave as a single coherent entity. Sta¬ 
ble BEC is known to exist in liquid "^He 


below 2.2 K, where it is implicated in 
superfluidity. It has been achieved tran¬ 
siently in a gas of excitons, electron- 
holes (e“-e'’) bound pairs created opti¬ 
cally in a semiconductor like cuprous 
oxide^. Spin-polarized hydrogen (Hi) 
has been for the last 15 years a strong 
candidate: it remains gaseous down to 
absolute zero of temperature"^. Then why 
so much excitement about BEC in ®^Rb, 
one may ask. Of course, the threshold 
phase-space density for BEC is easier to 
obtain for the lighter atoms. But, the 
purely quantum-statistical effects are 
corrupted by the strongly interacting na¬ 
ture of these dense systems. By compari¬ 
son, for the dilute ^^Rb gas in question, 
the mean interparticle spacing (~10"^ cm) 
» the scattering length (~10"^ cm) and 
hence the near-ideal Bose gas condition 
prevails. (The magnetically trapped gas is 
metastable against crystallization at 
nanokelvin temperatures). Also, ^^Rb 
with conveniently accessible electronic 
transitions is manipulable, even its inter¬ 
actions are optically tunable. One can 
probe the entire quantum phase dia¬ 
gram - dilute gaseous BEC, dense liquid 
BEC, superfluidity, quantum solid and 
possibly superfluid solid! Also, the kinet¬ 
ics of the Bose-Einstein condensation 
itself*. Besides, compared to the aristo¬ 
cratic quantum fluids, e.g. "*He, the rubid¬ 
ium-87 (an alkali) is really ordinary! 

In what sense is BEC coherent mat- 
terl This is best illustrated by its possi¬ 
ble interaction with light, e.g. photoas- 
sociation^. For a condensate of N atoms, 
the optical transition-dipole will be 
times that for a single atom even if 
the condensate size is less than the 
wavelength of light. Coherent matter 


analogue of optical laser is also being 
speculated upon! 

One could envisage several other ba¬ 
sic studies - Anderson localization (and 
confinement) of BEC by random poten¬ 
tial created by an optical speckle pattern 
simulating quenched disorder. One 
could also examine the fundamental 
question of the effect of frictional (y) 
decoherence on BEC - one may not 
have any BEC at all for y> {him) n^'^ 
even at the absolute zero of temperature. 
The friction y can be tuned optically, or 
by dilution with noncondensing 
(fermionic) atoms. One expects a BEC to 
have a negative temperature coefficient of 
expansion. And so on. 

One may conclude by saying that if 
phase and coherence are to dominate 
our thinking in the years to come, then 
the coherent matter (BEC) may well be 
a laboratory of choice. 
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‘Swiss’ strain of rats? 


The strain of rats used in the study 
(A. K. Mitra et aL, Curr. Sci., 1995, 68, 
1050-1053) is given as ‘Swiss strain’. 
As one representing an organization con¬ 
cerned with laboratory animals mainte¬ 
nance and supply, I can authentically say 
that ‘Swiss’ strain of rats does not exist. 
Most of the laboratory rats currently avail¬ 
able for biomedical research have origi¬ 


nated from the brown Norway rat - Rattus 
norvegicus and some common strains 
originating from this are Wistar, Holtzman, 
CFY and Sprague-Dawley to mention a 
few. But most of the mice strains have a 
‘Swiss’ origin and many random-bred 
albino mice available in various laborato¬ 
ries are loosely termed as ‘Swiss’ strain. 
Obviously there is a mistake somewhere 


and it is better that the authors clarify this 
from their ‘aunthentic breeders’. 

N. Giridharan 
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Regeneration of Aegle marmelos (L.) Corr. plants in vitro 
from callus cultures of embryonic tissues 


Aegle marmelos is a medium, spreading 
deciduous spiny tree belonging to the 
family Rutaceae. It is supposed to be 
originated in the Indo-Burma subconti- 
nent^ Various parts, including fruits, 
possess medicinal properties and have 
been extensively used in ayurvedic and 
folk medicine^’^. Since A. marmelos is 
an outbreeding crop and cross¬ 
pollination leads to highly heterozygous 
population"^, propagation through seeds 
is not encouraged. Singh^ was first to 
culture A. marmelos but regeneration of 
plants from nucellar tissue was not pos¬ 
sible. Arya et al.^ described callus for¬ 
mation and some organogenesis from 
cotyledon and hypocotyl cultures. Re¬ 
cently, regeneration of multiple shoots 
through organogenesis was achieved 
from seedling leaves^’^, nucellus^ and 
cotyledons^. This communication pres¬ 
ents high-frequency plant regeneration 
system using callus cultures from zy¬ 
gotic embryos of A. marmelos. 

Mature seeds from ripe fruits and 
immature seeds from unripe green fruits 
were collected and surface-sterilized 
with 0.1% HgCl 2 . Seeds were decoated 
and embryo axes excluding cotyledons 
were excised and cultured. All cultures 
were maintained in a growth room under 
16 h photoperiod at 26°C. All media 
were solidified with 7 g/1 agar (BDH, 


high gel strength) and media pH values 
were adjusted to 5.7 ±0.1 prior to 
autoclaving. The basic culture medium 
was Murashige and Skoog (MS) salts^° 
variously supplemented with naphtha¬ 
lene acetic acid (NAA), 2,4-D, lAA, 
IBA, BA and kinetin. Different concen¬ 
trations of auxins in the range of 2.5- 
10 jiM were used for callus induction. 
Plant regeneration was achieved by 
transferring pieces of callus tissue (fresh 
weight 100-150 mg) on to the MS me¬ 
dium with different combinations of 
auxins and cytokinins. Rooting was 
induced in IBA supplemented (5 pM) 
MS medium. After rooting, the leafy 
shoots were washed and transferred to 
pots containing soil mixed with compost 
( 2 : 1 ). 

Different concentrations 2.5-10 pM 
of lAA, NAA and 2,4-D were tried to 
induce callus and it was observed that 
2,4-D in general was more efficient for 
the induction of callus and induced as 
much as 80% callus from both mature 
and immature embryo axes at a concen¬ 
tration of 10 pM. However, addition of 
a lower concentration (0.5 pM) of BA 
together with 10 pM 2,4-D induced 
100% callus formation in all explants 
obtained from mature and immature 
seeds. The 6-week-old hard, green and 
compact irregularly shaped calli 


(Figure 1 a) induced on 10 pM 2,4-D 
and 0.5 pM BA were used to study 
morphogenesis. Such calli obtained 
from each explant were cut into small 
pieces (100-150 mg fresh weight) and 
were transferred to fresh medium. Both 
BA and kinetin at various concentra¬ 
tions were capable of inducing differen¬ 
tiation from undifferentiated calli 
(Table 1). Of the two cytokinins, kinetin 
was better than BA and of the auxins 
lAA were more efficient than NAA. 
Thus, the best results for shoot forma¬ 
tion were obtained using kinetin at 5- 
10 pM and lAA at 0.5 pM. Inwall cases 
both mature- and immature-embryo- 
axes-derived calli were capable of pro¬ 
ducing multiple shoots. However, re¬ 
generation frequency and number of 
shoots per callus were much higher than 
mature embryo axes. 

Proliferating shqots attained a height 
of 2-3 cm within 8 weeks of culture 
(Figure 1 b). The regenerated shoots 
were transferred to previously estab¬ 
lished rooting medium (MS + 5 pM 
IBA)^ for adventitious root induction. 
The rooted shoots reached up to 62% 
within 4-5 weeks of culture. Regener¬ 
ated shoots were transferred to pots 
containing soil mixed with compost. 
During the first one week, the potted 
plantlets were covered with glass 


Figures lac. Plant regeneration from callus cultures in A. marmelos. a. Six-week-old hard green and compact irregular shaped callus in- 
duced on MS + 10 pM 2,4-D + 0.5 pM BA. b. Development of multiple shoots from subcultured immature-embryo-axis-derived callus on 
MS + 5 pM kinetin + 0.5 pM lAA six weeks in culture, c, A potted plant after four months of transfer. 
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Table 1. Morphogenetic responses of 6-week-old mature- and immature-axes-derived calli of 
A. marmelos to various concentrations of cytokinins and auxins. Each treatment consisted of 
two replications with 12-18 explants per replication 

Immature embryo axes Mature embryo axes 


Concentration 
of cytokinin 
(jiM) 

Concentration 
of auxin 
(M-M) 

Percentage 
calli with 
shoots 

Mean number 
of shoots per 
callus ± SE 

Percentage 
calli with 
shoots 

Mean number 
of shoots per 
callus ± SE 

BA 2.5 

lAA 0.5 

40.1 

38.7 ±2,5 

35.0 

17.2± 1.8 

5.0 

0.5 

50.3 

48.7+ 1.9 

40.2 

20.3 ±2.0 

10.0 

0.5 

54.0 

41.2 ±2.9 

42.8 

28.2 ±2.2 

25.0 

0.5 

50.8 

29.6 ±2.4 

38.5 

21.6±2.3 

BA 2.5 

NAA 0.5 

36.4 

15.2± 1.2 

25.6 

8.2 ±0.9 

5.0 

0.5 

40.3 

24.2 ±2.7 

30.2 

14.2 ±2.4 

*10.0 

0.5 

44.0 

2Q.8±2.6 

30.8 

13.6 ±2.0 

25.0 

0.5 

40.9 

18.6± 1.8 

28.9 

10.2 ±2.1 

Kinetin 2.5 

lAA 0.5 

54.2 

24.6 ±2.0 

41.2 

19.6± 1.9 

5.0 

0.5 

94.2 

56.2 ±2.1 

49.6 

26.2 ± 1.8 

10.0 

0.5 

78.5 

44.8 ±2.4 

52.5 

30.4 ± 1.7 

25.0 

0.5 

60.4 

34.6 ±2.1 • 

44.2 

20.8 ±3.0 

Kinetin 2.5 

NAA 0.5 

50.4 

18.6± 1.4 

35.2 

8.2 ± 1.4 

5.0 

0.5 

58.9 

30.9 ± 1.8 

40.1 

14.2 ±2.6 

10.0 

0.5 

64.0 

30.3 ±3.0 

36.0 

14.8 ±2.1 

25.0 

0.5 

64.2 

28.0 ±2.9 

37.2 

11.4± 1.9 


beakers to provide high humidity. 
Transplantation success was 55%. 
Plantlets were subsequently transferred 
to larger pots (Figure 1 c) and gradually 
acclimatized to outdoor conditions. 

The results presented here indicate 
that in vitro regeneration of complete 
plantlets is possible using callus cul¬ 
tures from embryo axes of A. marmelos. 
The physiological state of the explant 
plays an important role in the regenera¬ 
tion of plants. Both immature and 


mature embryo-axes-derived calli were 
capable of producing plants. However, 
while the regeneration frequency of im¬ 
mature-embryo-derived calli was 34.4- 
94.2%, the morphogenetic capacity of the 
mature-embryo-axes-derived calli was 
lower (25.6-52.5%). The immature em¬ 
bryos are known to be a good source for 
initiating callus which possesses high 
regenerative capacity, as has been shown 
in peachoak and linden’^ The proce¬ 
dure described here may be suited to use 


in transformation studies and for mass 
propagation of A. marmelos if the fre¬ 
quency of off-types is low. 
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In vitro axillary bud break and multiple shoot production in 
Acacia auriculiformis by tissue culture technique 


Acacia auriculiformis A Cunn. Ex. 
Benth is a species native to Australia, 
Indonesia and Papua New Guinea. It has 
been an important exotic in many tropi¬ 
cal countries for more than half a cen¬ 
tury. The species is currently planted for 
paper pul|) lindustry^ fuel wood, erosion 
control, shade and ornamental purposes. 
It is a leguminous, nitrogen-fixing tree 
of the subfamily Mimosoideae. Mass 
multiplication of elite and rare trees is 


of paramount importance^. Though 
Acacia auriculiformis is propagated by 
seeds, poor seed germination, around 
20-25% has been recorded^ So, re¬ 
search is needed on large-scale multipli¬ 
cation of elite clones. The tissue culture 
technique can be used as a promising 
tool in overcoming this problem. Much 
less work has been carried out in this 
regard in Acacia species. A few workers 
have reported plantlet formation at 


seedling level through cotyledonous 
callus, shoot tip callus and axillary 
buds"^”^. But no work has been reported 
on plant regeneration in mature Acacia 
trees. The present study reports on in 
vitro development of nodal shoots from 
axillary buds and multiplication of these 
nodal shoots into plantlets from 20- 
year-old Acacia trees. 

Small tender branches (10-15 cm 
length, with 6-7 nodal segments) with 
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Figure 1. Development of shoots from nodal segments. 



Figure 2. Development of multiple shoots from 
nodal segment shoot. 


buds of Acacia auriculiformis were cut 
from the mother plant and washed thor¬ 
oughly under running tap water for 1- 
2 h. Then they were treated with Bavis- 
tin (W/P) 0.5% for 1 h and washed 
thoroughly in single-distilled water 2-3 
times. These branches were surface- 
sterilized aseptically with 0.1% mercu¬ 
ric chloride for 8-10 min and then thor¬ 



Figure 3. Development of roots in A. auriculi- 
formis. 


oughly washed with sterilized water 4-5 
times. The leaves were removed and the 
branches cut into small nodal segments. 
These segments were placed on modi¬ 
fied Murashige and Skoog medium^ 
with 0.2% gelrite/0.8% agar supple¬ 
mented with BAP (1 and 2 pM per litre) 
and NAA (1 and 2 pM per litre), and 
2% sucrose; the medium was adjusted to 


5.8 pH and autoclaved for 15 min at 

15 Ib/in^ and a temperature of 120°C. 
Then these flasks were incubated under 

16 h light and 8 h dark period at a tem¬ 
perature of 26±3°C. After one month 
the axillary buds sprouted and devel¬ 
oped into shootlets (Figure 1). These 
shootlets were excised from the main 
explant and transferred to the multipli¬ 
cation medium containing MS medium 
with high pliosphate (NaH 2 P 04 
340 mg/1), supplemented with BAP (5.0 
and 7.5 pM/1) and NAA (1 and 2 pM/1), 
2% sucrose and 0.2% gelrite. Twenty 
days after inoculation, 5-7 small shoots 
per culture aro.se from the base (Figure 
2). Research is in progress to achieve 
more multiple shoots by altering the 
cytokinin and auxin ratio. Rooting was 
achieved in MS medium with charcoal 
(0.1%) and MS medium with 0.5 mg 
IBA and charcoal at 0.1% (Figure 3). 
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Effect of foetal exposure to low-dose X-rays on the postnatal 
growth of mouse 


Even though the late organogenesis 
period in mammals is considered to be 
the. most sensitive one to radiation- 


induced developmental anomalies, a 
recent study from our laboratory has 
shown that the early foetal period, day 


14.5 post-coitus (p.c.), is also suscepti¬ 
ble to y-ray-induced foetal growth retar¬ 
dation and microcephaly in mouse 
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Table 1. Observations on postnatal development of mice exposed to 0.05 Gy of X-rays at day 14.5 post-coitus 
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(unpublished observation). Therefore a 
study was done to find out the effects of 
low-dose X-rays at day 14.5 p.c. on the 
postnatal growth of mouse. 

Virgin female and male Swiss mice 
(8-10 weeks old) from an inbred col¬ 
ony, maintained under conditions of 
controlled temperature (22 ± 3°C) and 
light (10 h light, 14 h dark), were mated 
overnight. The day the vaginal plug was 
observed was considered as day 0 of 
pregnancy. Pregnant females were ex¬ 
posed to 0.05 Gy of X-rays on day 14.5 
of gestation, as described earlier*’^. One 
group of animals was sham-irradiated to 
serve as control. The experimental and 
control animals were left to parturate. 
The offsprings were observed for 
changes in body weight, body length, 
head length, head width, tail length and 
post-natal mortality from day 0 (the day 
of birth) up to 6 weeks post-partum 
(p.p.). Sex ratio was determined at birth. 
The data were evaluated by the non- 
parametric Mann-Whitney f/-test and 
Fisher’s exact test, using GraphPad In- 
Stat software; p values < 0.05 were 
considered statistically significant. 

A total of 220 offsprings from 27 
mothers were examined. The litter size, 
sex ratio and postnatal mortality were 
not affected by irradiation. The number 
of growth-retarded offsprings was sig¬ 
nificantly (p < 0.05) higher than control 
at 3 and 4 weeks, but the difference 
became nonsignificant by 5 weeks 
(Table 1). 

Irradiation did not affect the birth 
weight of the offsprings. The body 
weight showed significantly (p<0,01, 
/?< 0.001) lower than control values 
from 3 to 5 weeks (Table 1). A similar 
response was observed for body length 
also. The head length showed signifi¬ 
cantly (p< 0.001, /7<0.05) lower val¬ 
ues at 4 and 5 weeks of age. However, 
reduction in head width was apparent 
from 2 to 5 weeks. All the parameters 
recovered by 6 weeks. The tail length 
was significantly (p < 0.05) lower than 
control at 2 weeks, with further reduc¬ 


tion at later postnatal ages, with no 
recovery (Table 1). 

Based on the early data, it was con¬ 
cluded that the killing of foetuses re¬ 
quires high doses of radiation^. How¬ 
ever, more recent in vitro and in vivo 
studies have shown that relatively small 
doses (5-10 cGy) can cause embryonic 
and foetal mortality"^. The present data 
did not show any significant increase in 
postnatal mortality. 

A decrease in weight of rats and mice 
has been reported after exposure to 
higher doses of radiation^’^. Studies 
with very low doses are few. Hande et 
al.^ observed that 5 cGy of X-rays given 
at the major organogenesis period in¬ 
duced a significant reduction in postna¬ 
tal weight. The present study shows that 
such an effect can be induced by low- 
dose X-rays when exposed at the early 
foetal period also, but this effect is tem¬ 
porary and complete recovery is effected 
by the time the animals reach adulthood. 
There are no comparable published re¬ 
ports on postnatal body length and head 
size measurements, though our own 
study has shown a reduction in the head 
size of 18-day-old foetuses after expo¬ 
sure to ~1 cGy X-rays during the late 
organogenesis period^ Diminished head 
size has been reported to be a readily 
detectable effect in prenatally exposed 
Japanese A-bomb victims^. 

Tail growth seems to be more sensi¬ 
tive to exposure at this stage than the 
other parameters. There are no compa¬ 
rable studies on the effect of low-dose 
in utero exposures during early foetal 
period on postnatal tail measurements. 
However, stunting of skeletal growth 
has been reported by several investiga¬ 
tors after high doses during 14-18 days 
p.c. in rats and mice^’^. 

Recently, Uma Devi et have re¬ 
ported that doses below 25 cGy of 
Y rays produced no marked foetal mor¬ 
tality or growth retardation when ex¬ 
posed on day 11.5 p.c., which is a more 
radiosensitive stage than day 14.5 p.c. 
in mouse development. However, the 


present results suggest that in the case 
of X-rays even doses as low as 5 cGy on 
day 14.5 p.c. can lead to growth retar¬ 
dation. Even lower doses (-1 cGy) of 
X-rays during the organogenesis period 
have been found to produce growth 
retardation in mouse foetus’’ These 
results strengthen our earlier assumption 
that at low doses X-rays may be more 
effective in influencing mouse devel¬ 
opment than Y-radiation’°. 
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The quest for quantum gravity 


GENERAL ARTICLES 


Gary K. Au 

One of the greatest challenges facing theoretical physics lies in reconciling Einstein's classical 
theory of gravity ~ general relativity — with quantum field theory. Although both theories have 
been experimentally supported in their respective regimes, they seem mutually incompatible. This 
article summarizes the current status of the super string approach to the problem, the status of the 
Ashtekar programme, and addresses the problem of time in quantum gravity. It contains inter¬ 
views with Abhay Ashtekar, Chris Isham and Edward Witten. 


"It is very important that we do not all follow the same 
fashion ... It's necessary to increase the amount of va¬ 
riety ... and the only way to do this is to implore you few 
guys to take a risk with your lives that you will not be 
heard of again, and go off in the wild blue yonder to see 
if you can figure it out. ’ 

Richard Feynman (1965), Nobel prize in physics award address 

The road to quantum gravity (QG) has had a long and 
winding history. Although we are unlikely to see the day 
of a direct test of quantum gravity, such a theory is 
needed to describe the early stages of the Big Bang. 
Around this time the universe would be about the size of 
the Planck volume. Quantum gravity effects, ignored in 
particle physics because of their weakness, would have a 
major influence on the subsequent evolution of the uni¬ 
verse. Also a QG theory is desperately needed to make 
the standard model a consistent physical framework. 

Why are we spending so much time on such a lofty 
goal? Richard Feynman commented on the aims of sci¬ 
ence: ‘If you expect science to give you all the answers 
to the wonderful questions about what we are, where we 
are going, and what the meaning of the universe is, then 
I think you could easily become disillusioned and look 
for a mystic answer to these problems.’ 

‘The way I think of what we’re doing is, we’re explor¬ 
ing - we’re trying to find out as much as we can about the 
world. People say to me, “Are you looking for the ulti¬ 
mate laws of physics?” No, I’m not. If it turns out there is 
a simple, ultimate law which explains everything, so be it; 
that would be very nice to discover. If it turns out it’s like 
an onion, with millions of layers, and we’re sick and tired 
of looking at the layers, then that’s the way it is. But 
whatever way it comes out, it’s nature, and she’s going to 
come out the way she is! Therefore, when we go to inves¬ 
tigate it we shouldn’t predecide what it is we’re going to 
find, except to try and find out more.’ {No Ordinary 
Genius — The Illustrated Richard Feynman, Christopher 
Sykes, W. W. Norton, New York, 1994, p. 251] 


Gary K. Au is in the Research Centre for High Energy Physics, School of 
Physics, The University of Melbourne, Parkville 3052, Victoria, Australia. 


The problem of time^ ^ 

A key question which faces any approach to QG is the 
‘problem of time’: how does a time variable, with its 
special properties in relation to the probability interpre¬ 
tation of quantum mechanics (QM), emerge? A related 
topic which has been attracting increasing attention, 
especially in the context of ‘quantum cosmology’ is the 
‘consistent-histories’ approach to quantum theory. One 
of the most exciting features of the programme is the 
possibility of changing quantum theory itself in the 
context of the physics of the early Universe and the way 
in which it came into being. 

The basic problem lies in the incompatible way in 
which the concept of time is treated in QM and general 
relativity (GR). One of the main researchers studying 
this deep problem is Chris Isham at Imperial College, 
London. 



Chris Isham 
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In QM time evolution is described by the Schrodinger 
equation. However, the time parameter that comes into 
the equation is a background parameter. This is unlike 
other quantities which can be represented by Hermitian 
operators. So from the very beginning QM attaches a 
special significance to the idea of time. It is like the 
steady ticking of an external clock hand in the back¬ 
ground, which we have no control over. Can we physi¬ 
cally measure this quantity? Is it possible to reformulate 
QM so that the idea of a background time does not ap¬ 
pear? According to Chris: ‘It is possible to do this in a 
formal sort of way but it does not really get you far. The 
basic fact is that conventional quantum theory presup¬ 
poses an external time whose ontological (see note 1) 
status is the same as it possesses in classical Newtonian 
physics. In relativistic quantum theories this is generalised 
to become a background Minkowskian spacetime - so it is 
the causal structure that is fixed. There are some intrigu¬ 
ing mathematical theorems (going back to Pauli I believe) 
showing that you cannot construct quantum clock that 
would exactly measure this background time. In that 
sense, some people might want to consider “time” as part 
of the external classical realm that Bohr postulated was 
necessary to interpret the equations of quantum theory. I 
have always suspected that Bohr himself would have re¬ 
garded the subject of “quantum gravity” as a non starter!’ 

Why does time deserve a special status in QM? Well, 
if you could raise it to the status of an operator T then 
its conjugate variable would be the energy H. These 
would need to satisfy the commutation relations 
[T,H\ = ifi. Mathematically, it can be shown that it is 
impossible to have a pair of Hermitian operators satisfy¬ 
ing these conditions, in which one of them has only 
positive eigenvalues. This relates back to Chris’ remark 
about the problem of quantum clocks. In other words, 
we have the problem of a system with negative energy. 

In QM, measurements of observables are taken at 
fixed times, a complete set of commuting operators 
(defining the maximum information you can obtain from 
a system) is required at fixed times, and the scalar prod¬ 
uct on the Hilbert space of states has to be conserved 
under time evolution of the Schrodinger equation. Time 
plays a foundational role in the technical and conceptual 
aspects of quantum theory. However, it is an idea 
grounded in the world of continuum mathematics. If it 
breaks down at the Planck scale, where some believe a 
discrete structure will emerge, what are we left with? 
Indeed, how much of QM will hold? 

According to John Wheeler: ‘The word “time” was 
not handed down from heaven as a gift from on high; the 
idea of time is a word invented by man, and if it has 
puzzlements connected with it, whose fault is it? It is 
our fault for having invented and used the word (see 
note 2). Taking this into mind, could we redefine time 
so that it reduces to the familiar clock ticking concept in 
some classical limit?’ 
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Chris Isham is very sympathetic to this view: ‘I would 
bet strongly that whatever the “final” theory of quantum 
gravity will be, we shall see our standard notion of time 
emerging only in some semiclassical sense.’ 

The role of time in relativity is very different to its 
role in QM. Relativity treats time at par with the other 
three spatial variables. Indeed, time and space are uni¬ 
fied into a four dimensional spacetime manifold. 

On this matter Chris explains: ‘The notion of a single, 
four-dimensional, “spacetime” (rather than separated 
three-dimensional space plus one-dimensional time) first 
appears in special relativity (SR) because of Einstein’s 
realization that any absolute split of 3+1 is observer- 
dependent. General relativity works with a curved ver¬ 
sion of the flat space-time of special relativity.’ 

‘In both special and general relativity a “moment of 
time” corresponds to a single space-like hypersurface in 
the space-time. Time itself appears as the parameter that 
labels the elements of a one-parameter foliation (see 
note 3) of space-time by such surfaces. In the case of 
special relativity you restrict your attention to the case 
where the space-like surfaces are (i) hyperplanes, which 
are (ii) mapped into each other by actions of the Poin¬ 
care group. The main challenge in quantum theory is to 
show that all such admissible families give the same 
physical answers.’ 

‘The situation in general relativity is more complex. 
One says that a hypersurface is space-like if the vectors 
tangent to each point of the surface are space-like. The 
idea here is that the Lorentzian metric on spacetime in¬ 
duces on each tangent space a copy of the Minkowski 
metric of special relativity, and it is with respect to this 
latter metric that the tangent vector has to be space-like. 
Put slightly less rigourously, a hypersurface is space¬ 
like if any “infinitesimal” transformation in the surface 
always points in a space-like direction.’ (Figure 1) 

The crucial point here is that the problems encoun¬ 
tered when incorporating SR into QM can be overcome. 
When we try to add GR to the QM picture, the intrica¬ 
cies are much more difficult to handle. 

With a curved spacetime equipped with a Lorentzian 
metric tensor, how many ways are there to foliate 
spacetime as a one parameter family of space-like sur¬ 
faces? Chris continues: ‘In some spacetimes there is a 
topological obstruction to performing any global folia¬ 
tions. But if such foliations are possible then there will 
be an uncountable number of them, each corresponding 
(in general relativity) to an allowed definition of time.’ 
In other words, unlike in SR, we cannot define a unique 
time according to which we evolve a system. This is the 
main difference between the concept of time in special 
and in (classical) general relativity. It is an important 
aspect to the problem of time in QG. On the one hand, 
we have a Hamiltonian formulation of QM for privi¬ 
leged SR space-like surfaces. On the other we have gen¬ 
eral covariance in GR, which states that no one set of 
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Figure L Foliating spacetime into a one-parameter family of space¬ 
like hypersurfaces: In Newtonian mechanics, a given moment of time 
has the same meaning for all observers. Time is absolute. In SR, this 
notion is somewhat ambiguous because of the nonuniversality of 
simultaneity. However, once an inertial frame is specified, the notion 
becomes more precise. Unless spacetime is flat, there are no global 
inertial frames in GR. So ‘a moment of time’ in GR is ambiguous. 
However, a more general concept replaces it; the notion of *a given 
space-like hypersurface’. It is possible to ‘slice up’ or foliate space- 
time into a one-parameter family of 3D space-like surfaces, filling 
out all of spacetime. At each event on a surface, there is a local 
Lorentz frame whose surface of simultaneity coincides locally with 
the hypersurface. Lorentz frames at various events do not mesh to 
form a global inertial frame, but their simultaneity surfaces mesh to 
form the actual space-like hypersurface. This is a picture of two 
space-like hypersurfaces through events P and F’ which occur at 
different times. World lines of observers cross these surfaces or¬ 
thogonally, and are labelled by (jci, xi, X 3 ), xo = /, + f, where t is the 
proper time measured along the worldline. Note that the third coor¬ 
dinate JC 3 is suppressed in the diagram. Arbitrary coordinate grids 
defining xi and X 2 are drawn on the hypersurfaces. At the point of 
crossing a hypersurface, the proper time (defined by an observer’s 
wristwatch) reads the same as other observers’ watches. Such a sur¬ 
face defines a notion of ‘simultaneity’. Another surface of simulta¬ 
neity through the event P may have a different slope or curvature 
(defining different local Lorentz frame). This second surface is de¬ 
fined by another set of observers with their own wristwatches, and 
their own proper time readings. It is also possible to push the hyper- 
surface ahead in time at different rates in different places, so long as 
the hypersurface stays spacelike. This idea of a ‘many-fmgered’ time 
is GR’s dramatic new contribution to our understanding of time. See, 
for example. Gravitation^ C. Misner, K. Thome and J. Wheeler, 
W.H. Freeman and Co., 1973. 

Space-like surfaces has privilege as a reference system 
over others. 


When we get to Planck scale physics, spacetime 
geometry could be subject to Heisenberg’s uncertainty 
principle, varying about quantum-mechanically. In other 
words, the GR metric tensor could have fluctuating 
components! How could one define a light cone and 
hence a space-like, light-like or time-like separation 
under such circumstances? Without such a definition, 
the idea of a space-like surface seems invalid. Perhaps 
the idea of a spacetime (a continuous manifold of 
points) does not have physical meaning in the QG re¬ 
gime, where the light cone could be smeared out. 

To this Chris says: ‘You cannot define a light cone, 
etc., except in some “background” sense, and this per¬ 
haps is the essence of the problem of time in QG: there 
is no fixed microcausal structure which can be used to 
construct a relativistic quantum theory in any of the 
standard ways.’ 

‘However, this does not rule out a priori a continuous 
manifold: the ideas of causal structure and continuous 
manifold are in no way synonymous. You can easily 
have the latter without the former (although I myself am 
very sympathetic to the idea that the idea of a 
“continuum spacetime” is not something that will carry 
across to the “final” QG theory).’ 

One possibility at the Planck scale is for topology 
changes in spacetime geometry. Fixing a background 
topology and differential structure to that of Minkowski 
space, as is done in quantum field theory, seems to pre¬ 
suppose a lot at the Planck scale. 

If we stick with a continuum formulation of QM based 
on complex numbers, could we be missing out on reveal¬ 
ing some sort of a discrete structure at the Planck scale? 
One can see how a discrete theory could reduce to a 
continuum one in the large scale limit, but to shed light 
on a discrete theory while working from the perspective 
of a continuum one seems difficult to achieve. 

Chris has felt this for a long time. One of the many 
reasons why he is so interested in the new decoherent- 
histories approach to quantum theory, and is developing 
his own quantum-logical version, is that the role of the 
continuum is isolated in a particularly efficient way. In 
his scheme it is just the space in which the decoherence 
functionals take their values. He says: ‘It is sometimes 
suggested that near the Planck length a more 
“combinatorial” approach to physics may be appropri¬ 
ate, and I have some sympathy with this view. I think it 
would be much easier to think about such schemes 
within this new approach to quantum theory than in the 
old Hilbert space one.’ 

Is superstring theory able to handle this fundamental 
problem of time in its present perturbative formulation? 

Chris replies: ‘No. Although it is essential to empha¬ 
size that the “problem of time” is not a single problem 
(or even collection of problems) that applies willy-nilly 
to any. attempt to construct a quantum theory of gravity. 
It is very approach-dependent and looks very different 
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in different approaches to quantum gravity. For exam¬ 
ple, if space and time themselves do “emerge” in some 
nonperturbative way from superstring theory, then ques¬ 
tions concerning the nature of time will look very differ¬ 
ent from those that arise naturally in, for example, the 
Wheeler-DeWitt approach to canonical quantum grav¬ 
ity. That is one of the many reasons why it is important 
to keep trying to find a new nonperturbative way of 
looking at superstring theory.’ 

The universe is modelled as a closed system. In its 
present formulation QM is inadequate for handling such 
models. After all, how does one define a time external to 
the universe? How successful have attempts been to de¬ 
fine an internal time using, say, matter fields? 

‘They have been getting better. In a recent paper (see 
note 4) Karel Kuchar (who is the world expert on this 
type of thing) has come extremely close. Just how close 
depends precisely on what one decides one is trying to 
achieve. From one perspective one could say that he has 
succeeded in a technical sense, although he would be the 
first one to agree that his particular definition of time is 
not too compelling in any fundamental physical sense.’ 

Karel uses dust particles (see note 5) to fix points in 
space and identify moments in time. The dust acts like a 
reference fluid analogous to the old aether idea but with 
the significant difference that the aether was usually 
regarded as fixed, i.e. part of the background structure, 
whereas these dust particles do obey equations of mo¬ 
tion. Hence, in a sense they are dynamic, as is the ge¬ 
ometry of space-time. 

One of the problems of working in QG is the lack of 
empirical data. One clue comes from the 1992 COBE 
results. These showed variations in the blackbody mi¬ 
crowave background coming from different directions of 
the sky. These date back to 300,000 years after the Big 
Bang and are consistent with the inflationary scenario. 
The observations provide evidence for the idea of 
quantum fluctuations as the origin of the galaxies. Could 
they have any implication for the QG regime of lO”^^ s 
after the Big Bang? 

‘Stephen Hawking has claimed that they support the 
ideas on the very early universe put forward by himself 
and Jim Hartle. However, the COBE data are currently 
being cited by a number of people in support of a vari¬ 
ety of different views, and it is not clear yet what the 
outcome will be.’ 

Consistent histories 

An approach which attempts to remove reference to ex¬ 
ternal time in QM is that of consistent histories, pio¬ 
neered by Griffiths, Omnds, Gell-Mann and Hartle. It 
generalizes QM via a sum over spacetime histories for¬ 
mulation. The motivation is tovdescribe the QM of 
closed systems in the context of quantum cosmology. It 
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hopes to shed light on the initial condition of the uni¬ 
verse. The basic idea in this scheme is a QM history. 
The scheme, therefore, de-emphasizes the notion of a 
QM event at a single moment in time. It makes no refer¬ 
ence to external observers, classical measurement appa¬ 
ratus, or wave function collapse (reduction of the state 
vector). However, it is possible to recover Bohr’s for¬ 
mulation of QM under suitable conditions. Chris Isham 
is working on a version of this idea. 

‘Most work on this approach has been applied to stan¬ 
dard quantum theory, not quantum gravity. To bring in 
quantum gravity, Hartle has discussed the possibility of 
using solutions of the Wheeler—DeWitt equation in the 
context of Euclidean path integrals. I myself am working 
on this general problem but from a completely different 
tack. I and my colleagues have been studying consistent 
histories using a new type of “quantum logic” of 
propositions about generalized spacetime structures. But 
the general idea in this formalism still holds: i.e. prop¬ 
erties can only be ascribed to a “history” only when it is 
part of a consistent set. Typically, this requires deliber¬ 
ately loosing information by coarse-graining. One’s ex¬ 
pectation is that “time” is something of this sort: i.e. it is 
really only part of a semiclassical world that will “fade 
away” if one probes too closely.’ 

The scheme’s main goal is to assign probabilities to 
families of histories in a closed system. A history is de¬ 
fined to be a sequence of QM events at a succession of 
times. QM events are tested for using projection opera¬ 
tors which satisfy the properties of exhaustivity and 
mutual exclusiveness. Two types of projections are de¬ 
fined: fine-grained and coarse-grained ones. 

The main problem in the formalism is interference. 
Interference between different histories forbids assign¬ 
ment of probabilities since probabilities have to satisfy 
certain axioms to be meaningful. They must be nonne¬ 
gative, normalized, and they must sum to unity. Com¬ 
plex probability amplitudes can be assigned to histories, 
but a probability is defined as the modulus squared of an 
amplitude. This operation introduces cross terms which 
violate the probability axioms. 

To handle this problem ‘consistency conditions’ are 
introduced. These determine sets of histories which 
negligibly interfere, and to which probabilities may be 
assigned. These conditions can be combined into a 
decoherence functional, which is the main calculational 
tool of the QM of history. It must satisfy the properties 
of hermiticity, positivity, normalization and the super¬ 
position principle. The functional is computed using 
standard quantum mechanics. Griffiths, Onrnes, Hartle 
and Gell-Mann’s contribution is the new probability 
interpretation. Here the notion of ‘superposition’ does 
not mean quite the same as it does in the standard way 
of superposing wave-functions. It is more a question that 
the decoherence functional must be additive with respect 
to a disjoint sum of histories. 
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In order to decouple interfering histories by coarse 
graining, we require the idea of decoherence. Consistent 
(decoherent) histories are then sets which obey the con¬ 
sistency conditions. Consistency is a property of fami¬ 
lies of histories, of which there may be many. 

But what is the mechanism of decoherence? It has 
been postulated (see note 6) that the environment deco¬ 
heres by acting like a sink, by draining off coherence - 
similar to a piece of blotting paper soaking up excess 
ink. But if the system is a closed QM universe, how do 
you define an environment? What other methods could 
there be to decohere closed systems? 

To this problem Chris remarks: ‘The mechanism for 
decoherence in a truly closed universe is, to my mind, 
still rather problematic. There have been attempts, for 
example, to identify part of the gravitational-field com¬ 
plex as the environment, and part as “really quantum” 
freedom in this environment. But I am doubtful whether 
this is really a universal notion. The examples I have 
seen have all been for very simplified models.’ 

In a closed QM universe, would it be possible to use 
black holes as decoherence devices? When matter goes 
into a black hole, the only properties of the hole which 
are observable via its distant electromagnetic and grav¬ 
ity fields are mass, charge and angular momentum. All 
other information is lost. Would this loss include 
‘interference’ information between histories? 

Unfortunately, Chris says: ‘One could do that when 
studying quantum theory in a fixed background, since 
then one could consider a background containing black 
holes. However, this is not too meaningful a priori in a 
full theory of quantum gravity itself since the black 
holes will also have to be quantized in some sense.’ 

Jim Hartle made the important observation that one 
can talk about ‘generalized histories’ in QG in which the 
word ‘history’ need not presuppose a conventional type 
of time parameter. According to Chris: ‘The basic entity 
in the scheme is a “possible universe”. A simple, but 
informative example would be a Lorentzian geometry 
that is not globally hyperbolic. Such a spacetime does 
not admit a global foliation by space-like surfaces, and 
hence there is no global time parameter. Nevertheless, it 
is a viable classical possibility since time still makes 
sense locally (i.e. the local proper time along a world 
line). This was one of the original motivating examples 
suggested by Hartle.’ 

‘However, my own interest in this scheme is when the 
basic entity is something more basic that does not neces¬ 
sarily include any manifest time-like features at all. This 
would be in line with the general idea that time appears 
only in some semielassical limit. Of course, this leaves 
quite open what types of object one would actually use 
as “possible universes” since this depends entirely on 
the actual theory that is to be developed (the decoher- 
ent-histories approach is not a theory per se, it is more a 
theoretical framework in which new types of theory can 


be developed). For example, I am currently thinking 
about the possibility of constructing such a theory in 
which the basic entities are simply point-set topologies.’ 

‘In theories of this generalized type, Hilbert spaces do 
not appear as basic mathematical structures in the same 
way as they do in normal quantum theory; indeed, in the 
scheme that I am developing, the basic mathematical 
structure is much closer to that of quantum logic (i.e. an 
algebraic approach) than it is to Hilbert space method¬ 
ology. On the other hand, in any theory in which time 
could be shown to ‘emerge’ in some coarse-grained limit 
I would expect the usual Hilbert space structure to 
emerge too at the same level. However, as no one has 
yet written down an explicit example of this type, it is 
hard to be more specific!’ 

The Ashtekar programme^~^^ 

People have approached the QG problem from many 
different directions, some more successful than others. 
Most attempts suffer from seemingly insurmountable 
problems. A short list of avenues includes higher- 
derivative Lagrangians, twisters, induced gravity, 
Kaluza-Klein theories, Euclidean quantum gravity, co¬ 
variant perturbation theory, discrete gravity, nonlinear 
quantum mechanics, spin networks, asymptotic quanti¬ 
zation, quantum cosmology, the decoherent histories just 
covered, quantum field theory in curved spacetime, 
superstrings, and canonical gravity. The Ashtekar pro¬ 
gramme belongs to the last category. 

Abhay Ashtekar is at the Centre for Gravitational 
Physics and Geometry, Pennsylvania. Although his pro¬ 
gramme involves esoteric mathematics, some of its key 
features can be described qualitatively. 



Abhay Ashtekar 
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An obvious question that people might ask about QG 
research is: Why are we spending so much time and ef¬ 
fort trying to obtain a theory which is most probably 
untestable, and which will not have any practical appli¬ 
cation? Abhay doesn’t quite agree with the assumptions 
here. He says: ‘We are seeking a physical theory and, 
therefore, it will definitely have testable predictions. 
The initial tests will be probably indirect. For example, 
we have this great puzzle for over 50 years: quantum 
field theory provides incredibly accurate predictions in 
particle physics, yet it is, in a sense, only a set of 
calculational recipes, without a coherent, complete 
mathematical framework. Again, the recipes work in¬ 
credibly well and should be taken seriously. But surely, 
they are incomplete in some essential way. The ultravio¬ 
let divergences arise largely because we assume that 
space-time is a continuum at all scales. If a quantum 
theory of gravity provides an alternate picture of 
space-time, it should lead to an alternate way of doing 
quantum field theories which is coherent and mathe¬ 
matically consistent. So, in a sense, the vast experimen¬ 
tal data we have accumulated in particle physics could 
provide tests of the space-time models that come from 
quantum gravity. 

‘Furthermore, it is possible that quantum gravity will 
also lead to “practical applications”. Recall that when 
Einstein discovered special relativity, most people 
thought that it was an esoteric theory which would have 
little impact, if any, on daily life. However, the theory 
then led to E = which has had profound ramifica¬ 
tions on the entire world order of this century. Quantum 
gravity will also change our understanding of space and 
time radically and may, therefore, have some really deep 
practical implications. I would hope that they would be 
more peaceful in nature!’ 

‘But of course we do not have the faintest clue of such 
applications today and, as you indicate, it is beyond 
today’s technology to test the quantum gravity effects 
directly. The primary motivation is really conceptual. 
Again, there is a similarity with special relativity. Just as 
the primary motivation for special relativity came from 
the incompatibility between Newtonian mechanics and 
Maxwell’s electrodynamics, the two pillars of the 19th 
century physics, the primary motivation for quantum 
gravity comes from the tension between general relativ¬ 
ity and quantum mechanics. There should be a deeper 
theory which unifies the principles of both in such a way 
that these two theories emerge in suitable approxima¬ 
tions. That is the theory that workers in quantum gravity 
are trying to construct’ 

Abhay’s programme was inspired by the failure to find 
a renormalizable perturbative theory of quantum GR 
(QGR). What this is, and what would have happened if 
this failed programme had been successful? 

He explains in depth: ‘Perturbation theory assumes 
that answers to physical questions can be obtained by a 
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method of successive approximations, generally ex¬ 
pressed in terms of a power series in the coupling con¬ 
stant. We routinely use such approximations already in 
quantum mechanics. \In quantum field theory, however, 
there is a key difference. Whereas in quantum mechan¬ 
ics, we know from general principles that the exact an¬ 
swer exists and is finite,’^and perturbative techniques are 
used only as a computational tool, in realistic quantum 
field theories in four dimensions, we do not have an as¬ 
surance that there is an underlying well-defined theory; 
the perturbation series itself is being used to define the 
theory. To make matters worse, each term in the pertur¬ 
bative expansion diverges because one is allowing vir¬ 
tual processes of arbitrarily large momenta. In renor¬ 
malizable theories, the infinities that arise are of a spe¬ 
cial nature; they can be absorbed into a finite number of 
parameters associated with the theory such as charges, 
masses and coupling constants. Once these parameters 
^e renormalized by the appropriate infinite factors, all 
individual terms in the perturbative expansion become 
finite. The actual renormalized parameters can be de¬ 
termined by a finite number of experiments. Further ex¬ 
periments then provide tests of the theory. In a non- 
renormalizable theory, this cannot be achieved and, 
therefore, the perturbation expansion has no predictive 
power.’ 

‘Another way of stating the difference is that, in a 
renormalizable theory, predictions for phenomena at a 
given length scale are insensitive to what is happening at 
much smaller scales. So, for example, since QED is 
renormalizable, its predictions for processes at, say, a 
GeV scale are insensitive to all the goings on at the 
Planck scale (10^^ GeV). In nonrenormalizable theories, 
this is not the case; the predictions for one length scale 
are sensitive to what is happening at much smaller, 
scales. It is thus harder to extract the physical content.’ 

‘If perturbative general relativity had turned out to be 
renormalizable, on the one hand, life would have been 
simple. One could have calculated scattering cross- 
sections in gravity using familiar methods. On the con¬ 
ceptual side, however, at least some people, including 
me, would have been disappointed. It would have meant 
that most of physics is insensitive to the “true” small 
scale structure of space-time and hence it would have 
been harder to “probe” this structure. I have expressed 
my unease with the current status of quantum field the¬ 
ory. It is the nonrenormalizability of gravity that forces 
us to seek the true microstructure of space-time and 
holds clues for obtaining something which goes beyond 
(the calculational recipes of) quantum field theory.’ 

Perturbation theories assume that spacetime is a con¬ 
tinuum at all scales. Could this be a reason why they fail 
for QG, where the short distance behaviour of spacetime 
might not be a continuum? An analogy has been made 
that spacetime is a ‘foam’ of sorts at Planck scales, 
subject to Heisenberg's uncertainty principle. 
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That’s right! The key infinity in perturbative treat¬ 
ments is the ultraviolet, one, where processes involve 
arbitrarily large energies. Surely, when the energy be¬ 
comes bigger, gravity should become more and more 
important, and the space-time geometry, more and more 
nontrivial. Yet, in the perturbative treatments, one uses 
a fixed, continuum background space-time. Because 
space-time geometry is a dynamical entity in general 
relativity, it seems clear that in quantum gravity we can¬ 
not presuppose what the microstructure of geometry 
must be; we should let the theory itself tell us. Of 
course, one might have been lucky and made the right 
guess at the start. But the failure of perturbative meth¬ 
ods tells us that this was not the case with the continuum 
hypothesis.’ 

Might quantum GR exist nonperturbatively, i.e. as an 
exact theory? 

‘Yes, it might. We do not have any clear evidence to 
the contrary. Incidentally, there do exist theories in 
three space-time dimensions which are nonrenormaliz- 
able but exactly soluble. Note that I am not saying that 
quantum GR must exist nonperturbatively. However, 
since there are qualitative reasons to expect that the 
nonperturbative theory will be very different from the 
perturbative one, the question is well worth investigat¬ 
ing. More importantly, even if the answer turns out to be 
in the negative, the exercise will have been extremely 
worthwhile because it has already provided many new 
mathematical and conceptual tools to construct quantum 
field theories without a background space-time. Like 
many others, I firmly believe that, at a fundamental 
level, the final solution will have to be background- 
independent; space-time will emerge only as an ap¬ 
proximation. And we have very little experience with 
quantum field theories which have an infinite number of 
degrees of freedom and which do not use a background 
space-time.’ 

Do you see the need for a fundamental revision of the 
present concepts on which the standard model is based? 
In other words, are we in need of a conceptual revolu¬ 
tion to solve this problem? I once spoke to Bill Unruh, 
and he did not think QG could be obtained through 
‘tinkering with mathematics’. He said we needed to feed 
in new conceptual ideas. 

According to Roger Penrose ‘...if there is to be a final 
theory, it could only be a scheme of a very different na¬ 
ture. Rather than being a physical theory in the ordinary 
sense, it would have to be a principle - a mathematical 
principle whose implementation might itself involve 
nonmechanical subtlety.’ Is this your point of view as 
well? 

‘I believe that, at a fundamental level, the continuum 
picture has to go. This would be a profound change, in 
terms of both physics and mathematics since the picture 
is embedded so deeply in the conceptual fabric of phys¬ 
ics. So, I agree with Bill that “tinkering” with mathemat- 
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ics alone will not suffice. However, I also feel that new 
mathematics will be needed. (I mean mathematics that 
was not previously used in physics.) This has happened 
with most big breakthroughs in physics. Newtonian 
physics needed calculus, general relativity needed dif¬ 
ferential geometry and quantum mechanics, Hilbert 
spaces and operator algebras. Indeed, without access to 
new mathematics, it would not have been possible to 
formulate new questions, let alone analyse them! Cer¬ 
tainly, what Roger suggests is a possibility.’ 

Most approaches to the QG problem seem to take QM 
at face value, and try to modify GR in some way, or take 
GR as a weak-field limit. This is the case for superstring 
theory, where GR appears as a low-energy limit. The 
dimensional nature of the basic Planck units - the 
Planck length, time, and energy - lends credence to the 
idea that a QG theory could reproduce GR in regimes 
well away from the Planck scale. If QM is only an ap¬ 
proximate theory itself, which fails to hold at Planck 
scales, then in the spirit of Roger Penrose’s suggestion, 
QM will also have to undergo a revision. Abhay feels 
that this is in part why all attempts at quantum gravity 
that are being pursued are likely to be incomplete. 
‘However’, he says, ‘it is very difficult to provide con¬ 
crete models of how QM should be revised. I think the 
best bet is to push all viable approaches to the end and if 
cracks develop, they will suggest how we should change 
QM.’ 

Loop variables gravity seems like a conservative ap¬ 
proach compared to superstring theory. One major dif¬ 
ference is that according to your programme, quantum 
gravity can be obtained without a unification of all 
forces. In the superstring theory, such a unification is 
vital for consistency. To be consistent, superstrings also 
need supersymmetry (a mathematical relationship be¬ 
tween bosons and fermions) and higher spacetime di¬ 
mensions (nine space and one time). The extra six spa¬ 
tial dimensions are supposed to be compactified into a 
very small region. Do you see these differences as 
complementary or conflicting issues? ‘On the whole, I 
think the differences are complementary. String theory 
provides powerful constraints on allowable interactions. 
On the other hand, it has proved difficult to analyse 
string theory nonperturbatively, without assuming a 
background space-time. As I indicated above, our ap¬ 
proach provides concepts and tools for a background 
independent approach. Over the last year or so, more 
concrete calculations have been proposed which may 
pull the two approaches closer.’ 

‘I should also point out that we do not have a proof 
that quantum GR exists nonperturbatively. However, the 
fools required to analyse this issue finally exist. It is 
possible that we will find e.g. that supersymmetry or 
some specific couplings are necessary. This year is an 
exciting one for our programme because we have begun 
to analyse such issues.’ 
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I spoke to Peter Bergmann (one of the founders of the 
geometrodynamical route to QG, and a coworker of 
Einstein) while I was an undergraduate and he was very 
skeptical of superstrings. Is it the same with you, con¬ 
sidering most of the work in this field has been 
grounded in perturbation theory? 

‘I am perhaps more impressed than Peter by the 
mathematical successes of string theory. I agree that 
the use of a background space-time is a severe weak¬ 
ness. However, the very recent results due to Ashoke 
Sen (see note 7) and others on black holes within string 
theory are providing some glimpses of the possible 
relation between perturbative results and nontrivial 
geometries.’ 

Unlike the other forces, the gravitational force is non¬ 
linear. In contrast, the electrical forces are linear be¬ 
cause the total force due to a number of charges is just 
the sum of the forces due to each charge acting alone. 
This situation corresponds to the vector law of addition. 
Now in the case of gravity, we have a nonlinear combi¬ 
nation of forces. This is because all forms of energy act 
as a source of gravity and inertia. This is true for the 
gravitational potential energy existing between two 
separated masses. Thus, the total gravitational force in¬ 
volved when two objects interact does not follow the 
usual linear vector addition law. Is this nonlinearity one 
of the root causes of all the problems in quantizing 
gravity? 

‘This profound nonlinearity is part of the difficulty. 
But this part is technical. The most important difficulty, 
in my view, is conceptual: it lies in the fact that gravity 
is encoded in the very geometry of space-time. To 
quantize gravity, one has to quantize geometry. One has 
to learn to do physics and mathematics in the absence of 
space-time.’ 

I guess one of the things the readers want to know is 
how everything reduces down to the picture of an apple 
falling from a tree. Newton’s idea of a ‘force’ pulling 
the apple down is intuitive. In GR, this picture was re¬ 
placed by the concept of the curvature of a four¬ 
dimensional spacetime continuum. The apple’s mass 
curves the spacetime, and the Earth’s mass curves the 
spacetime. This curvature tells how the masses should 
move. The two masses feel the combined curvature, and 
fall towards each other. In QFT, this ‘attractive’ picture 
is replaced by the concept of the exchange of particles 
called gravitons. The gravitons mediate the gravitational 
pull. Does the loop variables theory preserve this idea? 

‘Yes. Although in our approach gravitons do not exist 
at a fundamental level, in the low-energy approximation 
one can identity certain loop states with gravitons and 
then the picture is the one you indicate.’ 

‘Incidentally, the loop variables also have a direct ex¬ 
perimental significance. If you move an electron around 
a closed loop in a gravitational field, its spin undergoes 
a rotation. The basic loop variable just measures this 
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rotation. Furthermore, if you know the rotation for all 
closed loops, you know the gravitational field com¬ 
pletely.’ 

One of the problems with gravitons is that they seem 
to make sense only when the gravitational field of GR is 
linearized, i.e. split up into a flat space metric, and a 
perturbation. Gravitons are like ripples in a flat space- 
time background. Conventional particle theory tries to 
quantize these undulations, while leaving the back¬ 
ground classical. When the background starts curving 
noticeably itself, what reference is there for these rip¬ 
ples? The problem seems to be that the arena and per¬ 
formers cannot be distinguished anymore. 

‘Gravitons are indeed ripples on a space-time back¬ 
ground. In the perturbative approach, one does quantize 
these undulations, leaving the background untouched. In 
our approach, the situation is different. Very roughly 
speaking, Minkowski space by itself is represented as a 
quantum loop state-which we call a weave-and cer¬ 
tain nearby states - embroidered weaves - can be 
thought of as gravitons propagating in Minkowski space. 
However, as I indicated above, the picture works only 
for low energy gravitons. In this regime, one can distin¬ 
guish the arena from the performers.’ 

Geometrodynamics 

Abhay’s programme takes conventional GR coupled to 
matter as the leaping point. It is based on the ‘canonical’ 
approach to QG, whereby the full four-dimensional 
spacetime is split up into an observer-dependent 3+1. 
The first step in any canonical approach is the Hamilto¬ 
nian formulation of the theory. This was achieved in the 
early sixties by Dirac, Bergmann, Arnowitt, Deser, 
Misner and others. In their formulation, the basic vari¬ 
able is the metric on the three-dimensional space; it 
captures the intrinsic geometry of the hypersurface. The 
Hamiltonian framework was, therefore, baptized 
‘geometrodynamics’ by Wheeler. Unfortunately, in this 
framework, the equations of the theory are complicated 
and, therefore, as far as the full theory is concerned, the 
quantization programme itself did not really take off. 

In geometrodynamics the canonical variables are the 
intrinsic geometry and the extrinsic curvature of the 3D 
spatial hypersurface (which is embedded in a 4D Rie- 
mannian spacetime). The subject has close links with 
Gauss’theorem Egregium. 

Abhay explains: ‘The intrinsic geometry of a three- 
dimensional hypersurface is the geometry of space 
that we can “experience directly”. It tells us, for exam¬ 
ple, how to measure lengths of curves lying in the sur¬ 
face. The extrinsic curvature, on the other hand, tells us 
how the surface is embedded in the four-dimensional 
space-time. To see the difference, let us go one dimen¬ 
sion down and consider a cylinder embedded in a 
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Figure 2. Extrinsic curvature; a, This is a parallel transport of a 
vector around a closed curve (ABC). The curve is drawn on a 2D 
sheet, embedded in 3D Euclidean space. There is no rotation of the 
vector, meaning there is no extrinsic curvature, b. Parallel transport 
of a vector along geodesics on the surface of a sphere, embedded in 
3D Euclidean space. The vector is rotated 90°. The extrinsic curva¬ 
ture of a 3D spacelike hypersurface embedded in 4D spacetime is 
measured similarly. To obtain the curvature at a point on the surface, 
the closed curve (ABC) is pinched down infinitesimally. 

three-dimensional Euclidean space. Since the cylinder 
can be obtained by rolling up a piece of paper, its 
intrinsic geometry is the same as that of the paper, 
i.e. a two-dimensional plane. The difference lies 
in how the paper and the cylinder sit in three- 
dimensional space. Technically, their extrinsic curvature 
is different.’ 

‘Coming back to GR, the extrinsic curvature measures 
how the intrinsic geometry is changing in time. So, if we 
think of the intrinsic geometry as the configuration vari¬ 
able of general relativity, as one does in geometrody- 
namics, then extrinsic curvature can be thought of as the 
conjugate momentum. In quantum geometrodynamics, 
one would subject the two to the Heisenberg uncertainty 
relations.’ (Figure!) 
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By splitting spacetime into (3+l)D, are you treating 
the spatial and time coordinates on a different footing? 
Physically, this would correspond to choosing a special 
observer whose wristwatch keeps track of the distortions 
in the 3D spatial hypersurface. This method is very dif¬ 
ferent to the ‘covariant’ schemes of quantization like the 
path integral approach. 

‘That is quite right. From aesthetic considerations, it 
would be nice to use, say, path integrals. However, no 
one has seen a way to make mathematical sense of path 
integrals in GR beyond certain simple minisuperspaces 
(which result when you freeze all but a finite number of 
degrees of freedom of the gravitational field and replace 
a quantum field theory problem by a quantum mechanics 
problem). The mathematical framework that my col¬ 
leagues and I have developed over the last two years is, 
in principle, also applicable to the Euclidean path inte¬ 
gral approach. However, there are two key difficulties. 
The first is conceptual. Even if one did have a complete 
Euclidean theory, it seems very difficult to extract 
physical predictions from it since, in quantum gravity, 
there is no analogue of the ‘Wick rotation’, which re¬ 
places the time coordinate t by it in Minkowskian 
quantum field theories, thereby enabling one to pass 
from the Euclidean to the Lbrentzian regime (i.e. from 
Schwinger functions to the Wightman functions). The 
second difficulty is technical, associated with the spe¬ 
cific form of Einstein’s action.’ 

One of the main criticisms of the approach is that it 
breaks the general covariance of GR. Would the general 
covariance concept have any meaning if the continuum 
picture of spacetime is lost? One of the ideas brought up 
by your programme was the possibility of spacetime 
being combinatoric instead of geometric in nature, at the 
Planck scale. 

‘For technical clarity, I should first point out that, 
while canonical approaches do lack manifest coYMiznct, 
they are, nonetheless covariant; for example, the full 
Poincare group has a well-defined action on the 
phase space of electromagnetic fields in Minkowski 
space. With this side remark out of the way, let me 
answer your question. If anything resembling our ap¬ 
proach is correct, then, in the quantum theory, there 
will be no such thing as a space-time geometry at a fun¬ 
damental level. The picture, as you say, will be 
combinatorial and, therefore, the diffeomorphism 
group will not have a preferred role. Space-times will 
arise only semi-classically. In this approximation, one 
can ask if there is four-dimensional diffeomorphism in¬ 
variance. The answer will be in the affirmative. How¬ 
ever, it will be arrived at from the Hamiltonian picture; 
the four-dimensional covariance will not be manifested. 
This is a drawback of the approach but only from an 
aesthetic viewpoint.’ 

‘Incidentally, for these reasons, I had first tried to use 
the covariant phase space for general relativity and 
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avoid the 3+1 splitting. That approach faced technical 
problems and I now believe that, even if the technical 
problems could be resolved, it would not lead to an in¬ 
teresting theory. I will not be surprised, however, if 
there is another way to ensure manifest covariance in the 
semiclassical regime.’ 

By casting GR into Hamiltonian form, it is found that 
the theory is a dynamically constrained system. These 
restrictions go by the name of the Hamiltonian and dif- 
feomorphism constraints. What physical significance do 
they have? 

‘Constraints of this type signal the existence of a large 
gauge group. In electrodynamics, for example, there is 
an analogous constraint, the Gauss law, which says that 
the electric fields should be divergence-free. It ensures 
that the classical (and quantum) theory is gauge- 
invariant. Higgs pointed out quite early in the game that 
the diffeomorphism constraint of general relativity is 
rather similar. It ensures that the spatial diffeomor- 
phisms - active coordinate transformations on the three- 
dimensional hypersurface - do not change physics. This 
constraint is universal in the sense that its form and 
meaning is the same for all gravity theories in which 
there is no background metric.’ 

‘The Hamiltonian constraint is more tricky. It is re¬ 
sponsible for time evolution, i.e. dynamics. If you treat 
it in the same fashion as the diffeomorphism constraint, 
one is led to what people call “the frozen (time) formal¬ 
ism”, in which nothing evolves and physical states are 
represented by entire space-times. There is nothing wrong 
with this picture. It is like doing Hamiltonian dynamics in 
terms of constants of motion; it is, therefore, inconvenient 
from technical and interpretational perspectives.’ 

I have heard that the constraint equations are (high- 
order) polynomials in terms of the basic canonical geo- 
metrodynamical variables - the three-metrics and ex¬ 
trinsic curvatures. What effect does this have on trying 
to quantize the theory? 

‘It simplifies the technical problems of quantization 
enormously. In quantum field theories, what one might 
naively think of as operators are really operator valued 
distributions. Just as products of the Dirac delta distri¬ 
butions are ill-defined, products of these “operators” are 
also ill-defined. This is the origin of the infinities. So, if 
you have an expression which is non-polynomial in your 
basic operators, in general, there is very little chance 
that you would be able to regulate it and extract a 
meaningful operator. If the expression is a /ow-order 
polynomial, the chances of success are much greater. At 
various levels of rigour, this simplicity has been ex¬ 
ploited by Rovelli, Smolin, Briigmann, Gambini, Pullin, 
Morales, Nicolai and Matschull to solve the quantum 
constraints. No such solutions exist in quantum geomet- 
rodynamics.’ 

‘A simplification came in the mid-eighties when it was 
realized that there is another way of obtaining the 
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Hamiltonian formulation where the basic variable is a 
connection which enables one to parallel transport chiral 
fermions. Thus, general relativity can also be regarded 
as connection dynamics. This formulation has two key 
advantages. The first is conceptual: general relativity is 
brought closer to gauge theories which govern all other 
basic forces of Nature. The second simplification is 
technical: equations of the theory become low order 
polynomials.’ 

The Ashtekar variables 

At this stage, you came up with the idea of the Ashtekar 
variables. Where did the inspiration of these new variables 
come from? Was Amitabha Sen’s work a major influence? 

‘For me, personally, a lot of the inspiration came from 
results on chiral solutions to the Einstein equations by 
Newman, Penrose and Plebanski in the mid-seventies. In 
a certain sense, this sector of Einstein’s theory is com¬ 
pletely integrable. Therefore, it seemed natural to try to 
base quantum theory on chiral variables. Sen’s work was 
definitely an important influence up to a certain point. 
About the same time that Sen published his papers, Hor¬ 
owitz and I also had some results on positivity of the 
Hamiltonian of GR (for open universes) which used 
similar techniques. The two together suggested the di¬ 
rection that I finally took.’ 

What physical picture can you give us of them? You 
perform a canonical transformation of the old geo- 
metrodynamical variables, obtaining a connection and a 
triad as the new variables. A complex, group-valued, 
self-dual, spin connection is hard to visualize. In what 
way does a triad of orthonormal vectors on the three- 
slice take over the role of the extrinsic curvature? 

‘The connection enables us to parallel transport chiral 
fermions along closed loops and, therefore, has a direct 
physical meaning. Roughly speaking, the connection 
knows both about the (spatial derivatives) of the triad 
and the extrinsic curvature (the time derivative of the 
triad). If you think of the three-metric as the analogue of 
the position variable q in quantum mechanics and ex¬ 
trinsic curvature as the analogue of p, then the connec¬ 
tion is analogous to the complex variable z = q-\p, 
which one often uses to construct the so-called coherent 
states in quantum mechanics. Clearly, if you know 
P)j you know {z, q) and vice versa. One can do 
quantum mechanics with (z, q) as basic variables, al¬ 
though it is somewhat unconventional. In quantum GR, 
we are led to connections and triads because these are 
the variables that simplify the equations.’ 

The actual canonical transformation is nonlinear. The 
result casts GR as a dynamical theory of connections. 
The phase space of GR is now seen to be embedded in 
that of Yang-Mills theory (a gauge theory). The con¬ 
straints form surfaces which define restricted motions on 
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this phase space. This hidden relation seems remarkable. 
Were you expecting such a relation, or did it just drop 
out of the working? 

‘I knew that if the triads and connections can be 
shown to be canonically conjugate, the embedding you 
refer to would be a consequence. But it was far from 
obvious to me that the Poisson brackets between triads 
and connections would be so simple. Also, because of 
some subtle differences between the connections that 
Sen was using and the ones I was led to use, it was not 
obvious to me that all of Einstein’s equations would be 
low order polynomials in the triads and connections.’ 

The next step is the transition from classical GR to 
quantum GR. By using these Ashtekar variables, you are 
trying to quantize a theory of connections, instead of a 
geometrodynamic theory based on spatial three-metrics. 
In terms of connections, the constraint equations of GR 
bear a great resemblance to those of non-Abelian Yang- 
Mills theory. 

‘Progress came about because there already existed a 
.rich'machinery to deal with quantum gauge theories. We 
did have to make some important changes eventually 
because in Yang-Mills theories, one makes a heavy use 
of the background Minkowski metric and our framework 
had to exist without reference to any background struc¬ 
ture^. But a number of key ideas came from Yang-Mills 
theories.’ 

‘Incidentally, because all other basic interactions can 
be formulated in terms of connections, the geometrody¬ 
namic formulation did create a distance between GR and 
other gauge theories. For example, Weinberg, in the 
introduction to his book (see note 8) emphasizes this 
point. However, both Einstein anti Schrodinger had pre¬ 
sented a formulation of general relativity with connec¬ 
tions, rather than metrics as the basic variables. The 
reason the idea did not catch on, I believe, is that their 
equations were even more complicated than those of 
geometrodynamics. They used affine connections and 
simplifications occur with chiral ones. I became aware 
of this piece of history only recently.’ 

Loop variables 

In QM we have operators and states. Operators act on 
states, and take them from one allowed state to another. 
The simplest example of a QM system may be the sim¬ 
ple, harmonic oscillator. There the raising and lowering 
operators take a particle subject to a constant restoring 
force, to different energy eigenstates. The canonical 
variables, position and momentum, are raised to the 
status of operators, and they have to satisfy commuta¬ 
tion relations. What are the corresponding operators and 
quantum states in this approach? 

‘This is a somewhat technical point and I hope you 
will bear with me. In particle mechanics, we have the 


notion of configuration space - the space of positions, 
for example - and quantum states are functions on this 
space. In field theories, the situation is more compli¬ 
cated. States are now functions on a quantum configu¬ 
ration space which is a genuine enlargement of the clas¬ 
sical configuration space and the measures which dictate 
the inner product are typically concentrated on the ex¬ 
otic, nonclassical configurations.’ 

‘The precise domain space of quantum states is a well- 
defined completion of the space of gauge equivalence 
classes of connections. This space can be constructed 
without reference to a background metric and we have 
also developed integral and differential calculus on this 
space to define Hilbert spaces and operators. There is no 
background metric or connection anywhere. This calcu¬ 
lus tells us that there is a well-defined “nonlinear dual¬ 
ity” between connections and loops and, hence, one can 
also represent states as suitable functions of loops. The 
connection and the loop representations are “dual” to 
one another in the same sense as the position and the 
momentum representations in quantum mechanics are 
dual. In practice, issues related to the Planck regime are 
often more transparent in the loop representation while 
semiclassical questions are generally easier to analyse in 
the connection representation.’ 

‘For technical reasons connected with diffeomorphism 
invariance, quantum states are represented by objects 
which are more general than functions in the connection 
representation, while in the loop representation, one can 
regard them just as functions of loops. In either case the 
basic quantum operators are associated with loops and 
strips, i.e. ribbons. Their commutator algebra is surpris¬ 
ingly simple; commutators can be expressed in terms of 
rerouting of loops and strips, and intersections of loops 
with strips, and strips with strips. It is a pretty, geomet¬ 
rical picture.’ 

In the loop representation, quantum states arise as 
‘functionals’ of Wilson loops. A deep relation exists 
between the equivalence classes of loops and the theory 
of knot classes, invariants and polynomials. There is 
also a relation to Chern-Simons theory. 

‘This comes about because there is a specific 
“nonlinear duality” between loops and connections: 
Given a closed loop and a connection, one obtains a 
number, the value of the trace of the holonomy of the 
connection around the loop. It turns out that this duality 
implies that there is a 1-1 correspondence between cer¬ 
tain functions on the loop space and measures on the 
quantum configuration space. Therefore, we can take 
these loop functions as quantum states. One can then 
formulate the diffeomorphism constraint rigourously 
and seek its solutions. Not surprisingly, in the loop rep¬ 
resentation, the solutions are (certain types of) knot in¬ 
variants. Thus, after you have imposed the diffeomor¬ 
phism constraint, you can say that the quantum configu¬ 
ration space is the space of knot classes and all knot 
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invariants/polynomials are the potential quantum states. 
At a heuristic level, one expects the Chem-Simons the¬ 
ory to define a diffeomorphism invariant measure on the 
space of connections and these ideas have, in fact, been 
exploited by Gambini and Pullin to obtain solutions to 
the Hamiltonian constraint. Whether such results can be 
made rigorous is an open question; one would have to 
wait and see if the current work by mathematicians in 
this domain leads to useful results.’ 

Are you feeding in what the microstructure of space- 
time should look like beforehand, or does it come out of 
the equations? I have heard the analogy of Planck 
space-time being like a mesh of mail armour, made up 
of loops weaved together. 

‘A key point in our approach is that we do not start 
out assuming what quantum geometry should be like but 
let the theory lead us to it. (Of course, the framework as 
a whole makes certain assumptions - there should be no 
background structure and the Wilson loop operators 
should be well-defined - but they are of a general na¬ 
ture). We construct operators that correspond to geome¬ 
try and ask for states which, when probed with these 
operators, would approximate a classical geometry at 
scales much larger than the Planck scale. We then obtain 
specific states which have this property but which dis¬ 
play a discrete structure of a definite type at the Planck 
scale. These are the states that look like three- 
dimensional chain mail. The gravitational field is ex¬ 
cited only at the loops in the chains. However, on coarse 
graining, the states are indistinguishable from classical 
geometries. More importantly, we find that spectra of basic 
operators such as the area of a given two-dimensional sur¬ 
face are quantized in the units of the Planck area.’ 

Tn the loop representation, all operators act by 
breaking, rerouting and gluing of loops. These opera¬ 
tions will code the quantum gravity interactions. So, in 
the Planck regime, the familiar Feynman diagrams will 
be replaced by “topological” diagrams representing 
these operations. Feynman diagrams will arise only in a 
low-energy regime, where, as I indicated above, the 
concept of gravitons is meaningful.’ 

What was Profs Smolin and Rovelli’s inspiration to 
come up with the loop representation? Has there been 
any collaboration with the Trias and Gambini group, 
which is working on gauge theories? 

‘As I recall, they were trying to solve the diffeomor¬ 
phism constraint and realized that the solution is 
“obvious” in the loop representation. At that time, we 
did not have the mathematical machinery involving 
measures on the quantum configuration space and it was 
hard to see how to construct solutions to this constraint 
in the connection representation. Therefore, their reali¬ 
zation was a real breakthrough. Curiously, none of us 
knew about the work by Gambini and his collaborators 
at that time. One of the students in our group, Briig- 
mann, came upon their papers while applying the “loopy 
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ideas” to Yang-Mills theory and told us about them. We 
then contacted Gambini and Trias. Since then, Gambini, 
Pullin and others have made some very significant con¬ 
tributions. We are all extremely happy with these syner¬ 
getic developments.’ 

You can also bring in supersymmetric matter cou¬ 
plings. 

‘Yes, supersymmetry can be brought in. There is work 
in this direction by Jacobson, Matschull, Nicolai and 
others. The work by Nicolai and his colleagues on three- 
dimensional supergravity has been especially illuminat¬ 
ing; it showed that supergravity does allow ai) infinite 
number of physical states rather than just, say, a single so¬ 
lution analogous to the Hartle-Hawking wave function.’ 

Current work in the programme 

Let us talk about some of the current research problems 
in the field. In the language of connections, you have to 
complexify the phase space of GR, since you have 
mixed (both complex and real) variables. Now you have 
to restrict the phase space to real portions, since the 
physical observables^ must be real quantities, not com¬ 
plex ones. In other words, you must implement reality 
conditions in the quantum theory. Have these been dealt 
with satisfactorily? 

‘Several special cases had been treated satisfactorily 
over the last few years. These include certain Bianchi 
models and midi superspaces with a single Killing field. 
Over the past year, we have been able to treat the gen¬ 
eral case. In the harmonic oscillator case, the Segal- 
Bargmann transform enables us to pass from the 
Schrodinger representation, where the wave functions 
^/■((y) are complex valued functions of to the holo- 
morphic representation, where they are holomorphic 
functions v^(z) of z. Since we know that q and p are self- 
adjoint in the Schrodinger representation and since the 
Segal-Bargmann transform is unitary, you know auto¬ 
matically that the reality conditions also hold in the 
holomorphic’representation; you do not have to check it 
explicitly. We have constructed a rigorous analogue of 
this transform for quantum gravity. So, in principle, the 
problem has now been solved. However, we still have to 
develop calculational tricks to make the transform useful 
in practice.’ 

One of the main problems has been to define an inner 
product (vital to make sense of probabilities) in the Hil¬ 
bert space. What is the status of this search? 

‘This problem arises at two levels: kinematical and 
dynamical. One generally needs an inner product on the 
“kinematical” states prior to imposition of constraints to 
make sure that the constraint operators are well-defined 
and that there are no anomalies in the constraint algebra. 
This part is taken care of by the recent mathematical 
developments. Furthermore, as I indicated above, the 
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diffeomorphism constraint has been regularized and 
solved. There are no anomalies. However, at the rigor¬ 
ous level, we still do not have a complete treatment of 
the Hamiltonian constraint. Very recently, the corre¬ 
sponding operator was constructed by Jerzy Lewan- 
dowski in Warsaw but we are yet to examine the ques¬ 
tion of anomalies. If there are none, we can construct a 
complete set of physical states. Fortunately, by now 
there are well-developed strategies to find the physically 
appropriate inner product and the question is if one of 
them will be easily implemented. However, it is quite 
possible that to ensure that there are no anomalies, we 
would have to bring in framed loops and quantum 
groups and/or supersymmetry. Matheniatical machinery 
does exist to do this. And I would find it quite exciting 
if e.g. it is the dynamics of quantum gravity that ushers 
quantum groups into physics.’ 

‘At a heuristic level, there has been a lot of progress 
on the issue of solutions to the Hamiltonian constraint 
and Rovelli and Smolin have introduced approximation 
techniques to find the inner product. These are useful 
guidelines for rigorous work. However, the problem of in¬ 
ner product on physical states is yet to be faced head-on.’ 

‘Incidentally, if the programme is successful, we will 
have a quantum theory of gravity at a level of rigour that 
exceeds the current level in four-dimensional quantum field 
theories. This may seem like an overkill. However, since we 
have so little experience in nonperturbative QFTs, particu¬ 
larly in the absence of a background space-time, this level 
of care is needed both to ensure that we have not ignored 
some important subtleties and to convince the skeptics that 
a solution has really been found.’ 

How is the problem of time evolution handled? If 
there are only Hamiltonian constraints, and no Hamil¬ 
tonian, how do you define a time variable, and evolve 
the quantum system? 

‘Two approaches have been followed, in both of 
which the notion of time is an approximate one. The 
first is some work I completed in 1989, where we saw 
that, in the connection representation, one can make a 
certain truncation of the theory in which the quantum 
Hamiltonian constraint can be written as the 
Schrodinger equation, where one of the connection 
components serves as time. This shows how the familiar 
evolution of QFT will arise in the low-energy regime. 
The second and more recent approach is due to Rovelli 
and Smolin. They couple gravity to a scalar field and 
use the scalar field as time. So, while we still do not 
know how to extract time and evolution in the Planck 
regime - and, like many of my colleagues, I feel this is 
not necessarily a meaningful thing to ask - in suitable 
approximations, time evolution has been recovered.’ 

For posterity, can I have your feelings as to where 
loop variables are heading? 

‘There are three parts to the answer. The first refers to 
quantum gravity, the second to other physical theories of 
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connection, especially QCD, and the third to certain 
branches of mathematics.’ 

‘Within gravity, as I indicated above, for the first 
time, we have a candidate for the quantum configuration 
space and the diffeomorphism constraint has been for¬ 
mulated without anomalies, and we know its general 
solution. If we can do the same for the Hamiltonian 
constraint - possibly by bringing in framed loops and 
quantum groups - one could say that quantum GR exists 
nonperturbatively. It is like saying, in QCD, that we 
have a representation in which the Hamiltonian is rig- 
ourously self-adjoint. This would be striking but not 
immediately solve problems of physical interest. The 
situation would be the same in QGR. However, that the 
theory exists, one could then look for reliable approxi¬ 
mation methods and know that this is a meaningful pro¬ 
gramme. Many such methods are already being devel¬ 
oped. I believe that it is crucial to continue to look for 
such methods.’ 

‘Since the mathematical machinery that has been de¬ 
veloped works for any theory of connections, it is 
tempting to apply it to QCD. We have already done so 
in two space-time dimensions and obtained several new 
results. The most notable among these are closed ex¬ 
pressions for the Wilson loop Schwinger functions and a 
proof of equivalence of the Hamiltonian and Euclidean 
path integral methods. One might venture further and try 
to extend these methods to three and four space—time 
dimensions. That they will lead to mathematically inter¬ 
esting quantum field theories is clear. Whether these 
theories will be as useful in physics is an open issue. In 
any case, it is exciting that one and the same methods 
are being applied to theories of all basic forces of Nature.’ 

‘On the mathematical side, there have also been some 
interesting new results. A few years ago, it was widely 
believed that spaces of gauge equivalent connections 
would not admit any nontrivial diffeomorphism- 
invariant measures. Several of us have found infinite 
families of such measures by now. The relation between 
knots and these diffeomorphism-invariant measures is 
equally exciting. Our methods also enable one to extend 
(sufficiently nice) invariants of ordinary knots to those 
of generalized knots, where loops are allowed to inter¬ 
sect and can have kinks and overlaps. This is of interest 
to knot and graph theorists. Such results arise because 
we are looking at the familiar structure from a new an¬ 
gle, with a new perspective. Such contributions, I be¬ 
lieve, will continue.’ 

Superstrings^^”^^ 

Perhaps the most popularized of all the recent ap¬ 
proaches to QG is superstrings. 

Superstring theory proposes that the elementary con¬ 
stituents of matter are one-dimensional curves, rather 
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than point particles. According to the theory, the quarks, 
leptons and gauge bosons of the standard model (SM) 
arise as excitation states of a truly fundamental entity - 
the superstring. These excitations come from rotational 
or vibrational degrees of freedom (rather like the har¬ 
monic modes in a violin string), or from internal degrees 
of freedom like supersymmetry (SUSY) and Lie group 
symmetries. If they exist, superstrings would be the 
smallest things in nature. They would be about 1cm 
long, and reside in the weird world of Planck scale 
physics. Superstring excitations energies are about 
10 GeV, or 10 ^ g. These particle masses are way too 
big to be detected by current accelerators, including the 
large hadron collider (LHC) being built in Europe. We 
are looking at detecting particles as massive as bacteria! 

Superstrings can come in two varieties. One resembles 
a line segment with free ends. This type is called the 
open superstring. The other type is a loop with the to¬ 
pology of a circle - the closed .superstring. Both ver¬ 
sions reside in a ten-dimensional (9+1) spacetime. 

Since we only see four (3+1) dimensions in real life, it 
is assumed that the six extra spatial dimensions are 
curled up, in a region as small as the Planck scale. The 
process of curling up is called compactification. There 
is no mechanism in the theory to tell how you curl the 
extra dimensions up, and this arbitrariness is a cause for 
concern. Theorists have explored Calabi-Yau spaces, 
group manifolds, and other spaces as candidates. The 
idea of compactification is reminiscent of Kaluza-Klein 
theory, which attempts to unify gravity v/ith electromag¬ 
netism using an extended spacetime of 5 or (4+1) di¬ 
mensions. This theory was extensively expanded in the 
1970s to include the Yang-Mills theory, which gives 
for example, the type of non-Abelian gauge theory used 
in weak interactions (this involves a spacetime of di¬ 
mension greater than 5; e.g. 12 for SU(3) internal sym- 
metry). The mathematical techniques of these larger- 
dimensional spacetimes (including what is known as 
‘dimensional reduction’ — the means whereby one gets 
back to the physical dimension 4) have been much used 
in discussions of supergravity and superstring theory. 
However, it is important to emphasize that these devel¬ 
opments all work at the level of the classical field equa¬ 
tions: the quantum theory used in quantising them is 
essentially standard. 

String theories have an extraordinarily rich mathe¬ 
matical structure. Exploring their symmetries, described 
by various algebras, has been a major focus of work in 
the field. It has emerged that the same mathematical 
structures appear in many different fields. For example, 
as it moves through spacetime, the string traces out a 
world sheet or cylinder. Like the world lines (geodesics) 
of point particles, this world surface is constrained to be 
of extremal area. The symmetry properties of these sur¬ 
faces are similar to those encountered in two- 
dimensional condensed-matter systems. There has been 
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valuable cross-fertilization between these fields. 

Supersfring theory is also related to subjects like 2D 
conformal field theories, nonlinear sigma models, WZW 
models and other integrable models. !t has associations 
with 2D supergravity. Lie superaigebras, and W- 
algebras, the latter being world-sheet symmetry algebras 
of bosonic string theories. Quantization leads to prob¬ 
lems with ‘anomalies’ in these algebras, whereby classi¬ 
cal symmetries are violated at the quantum level. Work 
is still being done on anomalies in W-algebras and also 
more'generally in Lie algebras. 

The vibrational spectrum of open superstrings in¬ 
cludes a massless spin-1 gauge boson associated with a 
Yang-Mills group - SO(32) or x Eg. These groups 
are needed for anomaly cancellations. For the closed 
superstring, a massless spin-2 particle arises. It has been 
identified as the graviton, the conjectured carrier of the 
quantum gravitational force. 

GR is taken to be the large-distance or low-energy 
limit to the superstring. Strings seem like point particles 
at weak energy scales (10‘'® cm) since it is many orders 
of magnitude less than the supersfring scale (10"^^ cm). 
A small extended object looks like a point from the per¬ 
spective of lower energies. (Figure 3) 

By examining string interactions, it is found that the 
existence of open strings implies closed strings. Closed 
strings alone can form a consistent system. It follows 
that every consistent string theory necessarily includes 
gravity, since closed strings have gravitons in their exci¬ 
tation spectrum. 



Figure 3. From particles to strings. Point particle theories describe 
physics well at weak scale energies, but it is possible that at Planck 
scales, particles are actually tiny strings. World lines would then be 
replaced by world cylinders and sheets. See Superstrings, Vol. I, M. 
Green, J. Schwarz and E. Witten, Cambridge University Press, 1987. 

CURRENT SCIENCE, VOL. 69, NO. 6, 25 SEPTEMBER 1995 




GENERAL ARTICLES 


People have tried to generalize strings to higher¬ 
dimensional objects, like P-branes. However, it is very 
hard to make quantum theories of extended objects and get 
them to satisfy physical consistency constraints like causal¬ 
ity and unitarity. In fact, the more extended you go, the 
harder it is. The success of string theory relies on conformal 
symmetry, which is a property solely of 2D world sheets. 

The self-consistency of superstrings is heavily de¬ 
pendent on two experimentally undetected phenomena: 
supersymmetry and higher spacetime dimensions. 

Ed Witten is at the Princeton Institute of Advanced 
Studies, New Jersey. He is a major contributor to su¬ 
perstring theory. He was once a history major at Bran- 
deis, but had some science background. His interest in 
superstrings was sparked by a review article by John 
Schwarz, He says; ‘Schwarz’s review article made it 
easier to start learning about developments in super¬ 
string theory than it had been before-but my concen¬ 
trating on reading it was, of course, a result of the fact 
that 1 was already very curious about superstrings.’ 



Edward Witten 


Quantum field theory began when Planck tried to ex¬ 
plain the emission spectrum of black body radiation. He 
postulated that energy was emitted discontinuously in 
discrete units, or quanta. Later, from a statistical analy¬ 
sis of the radiation field, Einstein suggested it was not 
just the emission and absorption of radiation which was 
quantized, but also the actual electromagnetic field 
itself - in the form of photons. This idea was confirmed 
experimentally by the Compton effect. Naturally, there 
were attempts to extend the quantum field idea to the 
classical gravity field, described by a metric tensor in 
Einstein’s GR. The basic excitation of the quantum 
gravity field would be spin-2 radiation, which results 
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from the symmetric nature of the metric tensor. How 
hard would it be to detect the gravitational analogue of 
the photon - the graviton - given the weakness of the 
gravitational interaction? Ed replies: ‘Classical gravita¬ 
tional waves (for which there is indirect evidence from 
timing nieasurements of the binary pulsar) could be di¬ 
rectly detected by laser interferometers - perhaps even¬ 
tually giving also an important new window into some 
exotic phenomena in astrophysics. It is also possible that 
a very long wavelength cosmic background of gravita¬ 
tional waves could be detected by timing measurements 
involving space ships and pulsars. These experiments 
could indeed possibly verify directly the spin-2 nature of 
gravitational waves.’ 

‘Unfortunately, there is no experiment in sight that 
could directly verify the quantized nature of the gravita¬ 
tional field.’ 

The gravity field is different from the other force 
fields since it plays a dual role. On the one hand, it de¬ 
fines the arena in which other fields interact. Yet, grav¬ 
ity itself is a participant in the interaction. Does QFT 
assume that spacetime is flat to all energy scales, i.e. has 
a Minkowskian spacetime signature even at Planck 
scales? ‘ppT as we know it, without quantizing gravity, 
works on a fixed space-time manifold, which for most 
obvious purposes we can take to be Minkowski space. 
There is then a continuum space-time down to arbitrar¬ 
ily small distances.’ 

Gravity is highly nonlinear since the gravity field 
couples to mass-energy. The gravitational field gravi¬ 
tates. Is this a major conceptual subtlety when we try to 
quantize gravity? ‘There are some conceptual issues in 
quantizing gravity, but it is not at all clear that they are 
decisive. What to me is the decisive difficulty is the 
problem of the infinities that arise when one tries to 
quantize the usual theory.’ (It is instructive to contrast 
this point of view with Abhay’s, stated earlier on.) 

Renormalization, infinities and anomalies 

QFT works with perturbation expansions around a Mink¬ 
owskian background. Terms in these expansions are repre¬ 
sented diagrammatically by Feynman diagrams. The Feyn¬ 
man diagram has an attractive interpretation as a represen¬ 
tation of an actual physical process, and (though limited to 
perturbation theory) this picture has some validity. 

In QED interactions between photons and electrically 
charged particles are linear. However, the situation is 
different with gravitons. Since energy gravitates, two 
gravitons can bend each others path. Gravitons can also 
emit and absorb other gravitons and couple to the other 
gauge bosons. 

QFT introduces the concept of a particle’s self¬ 
energy. Let us take the electron self-energy as an exam¬ 
ple. According to QFT, there is a difference between a 
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bare electron and a physical electron. A bare electron is 
an unphysical entity because it has no radiation field 
around it. Such a radiation field is known to exist be¬ 
cause of Heisenberg’s uncertainty principle, which al¬ 
lows for the presence of a blanket of virtual photons. 
When a bare electron interacts with this virtual field, the 
bare electron is converted to a physical electron. This 
self-interaction affects the energy of the bare electron, 
and hence its mass. Quantities like charge are affected 
as well. In fact, all physical quantities are affected by 
the self-interaction. 

When the Feynman integrals are evaluated for these 
self-energy terms, the integrals diverge to infinity. A 
similar phenomenon occurs when we calculate the pho¬ 
ton self-energy in the form of vacuum polarization dia¬ 
grams. 

The first order terms (tree level) are finite, but the 
higher-order terms (the radiative corrections) involving 
closed loops diverge. Physically, the difficulties arise as 
a result of the point particle concept. Heisenberg’s 
principle says that energy conservation can be violated 
locally such that the relation AE'At>h is obeyed. 
Since an electron is taken to be a point, emission and 
reabsorption of a virtual photon need take no time at all. 
So the virtual photon can have an infinite amount of 
energy. This contributes an infinite mass to the physical 
electron, since it must haul around the virtual photon 
blanket. Other properties of the electron get affected 
similarly. 

Despite these shortcomings, QFT is one of the most 
successful theories we have. On this Ed says: ‘Just be¬ 
cause we write down a quantum field theory Lagrangian 
containing some fields does not mean that we know 
what the particles are going to be. QCD is an example 
where the particles (mesons and baryons) do not even 
appear in the Lagrangian (which contains quarks and 
gluons). Even if the particles are in natural one-to-one 
correspondence with the fields, as in QED, the masses 
of particles cannot be just read off from the constants in 
the Lagrangian. It is necessary to compute all kinds of 
quantum corrections. The fact that the nature and masses 
of the particles are, in large part, computed and not 
postulated, is a manifestation of the fact that the QFT 
description of nature is more thorough than its predeces¬ 
sors.’ 

To handle these divergences, QFT invokes the prin¬ 
ciple that energy cannot be measured, only differences 
in energy can be. A scheme called renormalization was 
developed by Feynman, Tomonaga and Schwinger back 
in 1947 to take care of this, for QED. 

To handle divergent graphs, we firstly impose cut-offs 
on the integrals. This modifies the theory into another 
one. The cut-offs set some energy scale limit to the 
theory’s predictions. Ed comments: ‘The cutoff theory 
has physically unacceptable properties, so it is necessary 
to remove the cut-off and “renormalize”. This is just as 
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well, since the cut-off is arbitrary and if one did not 
have to remove it one would lose most of the predictive 
power. In good cases, like QED, after renormalization 
the parameters in the quantum theory are in one-to-one 
correspondence with the classical parameters; thus, in 
QED the only parameters are the charge and mass of the 
electron (the mass can be scaled to one by a convenient 
choice of units).’ 

The second step is to renormalize the theory by incor¬ 
porating the blanket of virtual particles around the bare 
particle. This converts the bare particle into a physical 
one. In the process, relations between bare and physical 
quantities are introduced. These relations contain 
renormalization constants. Thirdly, we revert from the 
renormalized theory to the original QFT by taking the 
limit when the cut-offs go to infinity. This restores the 
original theory. The divergences reappear, but only in 
the renormalization constants relating physical and bare 
quantities. Like the bare quantities, the constants are not 
observable. The original integrals, written in terms 
of physical quantities, become well-defined and finite 
to all energy scales! So, in a sense we have shifted 
all the infinity problems aside. According to Ed: 
‘Renormalization is natural and necessary even if the 
effects are finite. So there is no issue of not having to 
renormalize. That would be so even if we were dealing 
with a fundamental theory valid to arbitrarily short 
distances.’ 

‘In practice, we are always (except maybe in string 
theory) dealing with theories valid only down to very 
short distances, so there really is a cutoff - we just do 
not know what it is. Renormalization then extracts what¬ 
ever can be learned without knowing what the cutoff is.’ 

It would seem that you have to apply this procedure to 
all the terms in the S-matrix expansion, for all the 
physical quantities you want to compute. Now the ex¬ 
pansion is an infinite series of terms, which seems to 
require an infinite number of regularization and renor¬ 
malization operations. Amazingly, QED has a gauge 
invariance which allows you to remove all the diver¬ 
gences from the measurable quantities to all orders of 
perturbation expansion, via just one type of renormali¬ 
zation. 

Why cannot we compute physical quantities directly, 
instead of going via this roundabout? Feynman himself 
thought that renormalization was ‘sweeping the problem 
under the carpet’. He thought that we should be able to 
formulate a theory such that we get zero ground state 
energy from the very start. What physics could we be 
missing here? One possibility, already mentioned by 
Abhay, is that the infinities ultimately arise from ne¬ 
glecting effects in Planck scale physics which would 
have a subtle effect on low energy physics. 

When we try to fit gravity into QFT, the algorithm is 
to linearize the GR field by choosing a coordinate sys¬ 
tem in which the metric tensor can be expressed as 

CURRENT SCIENCE, VOL. 69, NO. 6, 25 SEPTEMBER 1995 




GENERAL ARTICLES 


ga. 


^nv + where is the Minkowski metric and 


is a small perturbation such that 1 « 1. This small 

perturbation, a tensor field, is subject to quantization on 
a Minkowski background which provides the causal 
structure. It is treated as the ‘graviton’ particle. 

‘Formally, there is no problem in constructing the 
perturbation expansion of the S = matrix along the 
above lines. The only real difficulty is that one meets 
ultraviolet divergences that cannot be renormalized 
away (without introducing new parameters absent in the 
classical theory).’ 

At the one-loop level pure QG’s divergences can be 
renormalized away. However, the divergences arising at 
the two-loop level cannot be removed without robbing 
the theory of predictive yield. 

On the associated problems of anomalies in QG he 
comments: ‘The existence of a quantum theory is always 
delicate. Once one writes down a classical Lagrangian, 
one does not automatically get a quantum theory. Infini¬ 
ties and anomalies are two of the main ways to fail. 
Anomalies that affect gauge invariance are even worse 
than lack of renormalizability; they mean that the per¬ 
turbation expansion of the quantum theory just does not 
make sense.’ Essentially, the time rate of change of 
some quantity is zero in the classical theory and upon 
quantization this rate becomes nonzero, breaking some 
symmetry and, hence a conservation law. 

Recent work in superstrings 

How does extending the idea of particles to superstrings 
change things? An analogy would be helpful here. Let us 
take the decay of the free neutron, which is mediated by 
the weak force. We know that the old Fermi theory of 
weak decay is not renormalizable. However, the elec- 
troweak theory is. The electroweak theory replaces the 
point interaction of the old Fermi theory by inserting a 
massive W boson propagator, which mediates the decay. 
The theory is now renormalizable. Virtual supermassive 
superstring excitation states affect the renormalizability 
of superstring interactions by ‘softening’ or spreading 
out the interactions. 

Ed says: ‘Certainly, in going to string theory, every¬ 
thing becomes softened, and eventually finite. How best 
to understand it is not yet clear, but somehow the ultra¬ 
violet region is missing in string theory.’ 

Although the superstrings are extended objects, their in¬ 
teractions still take place at single spacetime points. How¬ 
ever, this point depends on the Lorentz frame of the ob¬ 
server (the pants diagram phenomena) unlike the point par¬ 
ticle case. There the spacetime interaction point is identical 
in all Lorentz observer frames. Thus there is less freedom in 
constructing string theories compared to the point particle 
case. This is why we have only a finite number of super¬ 
string theories instead of the infinite number of point field 
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theories. (We have to choose the correct point particle QFT 
via phenomenology.) (Figure 4) 



Figure 4. Contact interactions for particles and strings, a. Interac¬ 
tions between particles occur at a single spacetime point, called the 
vertex in the Feyman diagram approach. This point is Lorentz- 
invariant since it is the same in all reference frames, b,. The splitting 
of a closed string into two closed strings, otherwise known as Ae 
pants diagram. The world surface is a cylinder, so the interaction 
region is no longer a point. One observer will see the interaction 
occur at point (1), and another will see it occur at (2), The contact 
point is no longer Lorentz-invariant. Divergences in QFTs of point 
particles can arise when two sharp vertices get arbitrarily close to 
* one another. Renormalization is needed to remove the ultraviolet 
divergences by introducing ultraviolet momentum cutoffs, thereby 
Tuzzying’ out the vertices. Since string diagrams are surfaces, they 
tend to accomplish this process automatically. See Quantum Field 
Theory of Point Particles and Strings, B. Hatfield, Addison- 
Wesley, 1992. 
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According to one counting scheme, there are currently 
three d=\0 superstring theories (type I, type II, het¬ 
erotic) and although they have no adjustable dimension¬ 
less parameters, there are many mathematically consis¬ 
tent solutions which seem to satisfy the superstring 
equations of motion. Choosing physically representative 
solutions phenomenologically seems no different to in¬ 
serting SM parameters by hand. The problem of finding 
physical solutions can only be solved if we know how 
compactification works. Doing this we can find the 
ground (vacuum) state of the theory. From there, we can 
work out the low-energy excitation spectrum, find the 
ratios of the excitation masses, and determine couplings 
constants from the topology of the compactified space. 

Ed is optimistic about this arbitrariness: ‘The attrac¬ 
tive near-uniqueness that string theory appears to pos¬ 
sess in principle is largely lost in practice because one 
finds a plethora of possible classical solutions. Hope¬ 
fully, in time we will learn something new — perhaps 
connected with the question of why the cosmological 
constant vanishes - and the nature of the issue will 
change.’ 

On the problem of formulating a nonperturbative the¬ 
ory of superstrings, Ed says; ‘My work with Nathan Sei- 
berg (and related work he did by himself) led to some 
new results about nonperturbative behaviour of some 
quantum field theories, but not yet to new results on 
nonperturbative behaviour of string theory.’ 

String theory appears to admit a group of discrete 
field transformations, called S-dualities, as exact non¬ 
perturbative quantum symmetries. How could these 
symmetries help in formulating a nonperturbative QG 
theory of strings? 

‘I don’t know yet, but I think it is a very exciting clue. 
S-dualities are symmetries that have no real analogue in 
our previous experience in physics (they do persist in 
some field theories - including some of those I studied 
with Seiberg - which are related to low energy limits of 
string theories).’ 

Particles trace out world lines, but strings trace out 
world sheets or cylinders, which can be treated as Rie- 
mann surfaces. When the Feynman diagrams are worked 
out for the closed string, it is found that they become 
finite order by order in the genus expansion. 

Ed says: ‘In string theory everything is finite - there is 
no need for renormalization.’ 

‘Feynman diagrams are replaced by Riemann surfaces; 
these have much additional symmetry and structure, and 
this is related to some of the known wonders of the 
subject - there are surely also unknown wonders (S- 
duality is a hint of them), but since they are unknown I 
cannot tell you about them.’ 

On the matter of progress on the physical principles 
behind superstrings which should generalize Einstein’s 
equivalence principle, he replies: ‘The new physical 
principles haven’t yet been found. It is hard to say how 
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much progress there has been, since some of the things 
that have been learned may well turn out to be important 
clues.’ 

Superstrings are supposed to reside in ten spacetime 
dimensions, but we are really only speaking approxi¬ 
mately. The phase space of the superstring consists of 
all the possible orientations and states the string can be 
in. What are the problems of formulating superstrings 
directly in four spacetime dimensions from the start? 

Are not superstrings supposed to generate spacetime, 
instead of just residing in it, since superstrings have 
gravitons in their excitation spectrum? 

‘It is true that in our present understanding ten space- 
time dimensions is the classical solution of string theory 
with the maximum symmetry. Exactly how strings can 
be so smart as to generate space-time is still a mystery, 
but they do.’ 

‘You can formulate strings “directly in four dimen¬ 
sions from the start” but then you do not have the degree 
of uniqueness that one has in ten dimensions. That is 
why the theory is often said to be ten-dimensional.’ 

There is no mechanism in superstring theory which 
tells us how the extra dimensions should compactify. 
Feynman said about superstrings: ‘1 don’t like it that 
they’re not calculating anything. I don’t like it that they 
don’t check their ideas. 1 don’t like it that for anything 
that disagrees with experiment, they cook up an expla¬ 
nation - a fix-up to say “Well, it still might be true”. For 
example, the [superstring] theory requires ten dimen¬ 
sions. Well, may be there’s a way of wrapping up six of 
the dimensions. Yes, that’s possible mathematically but 
why not seven? When they write their equation, the 
equation should decide how many of these things get 
wrapped up, not the desire to agree with experiment....’ 

What is your response to this remark? 

‘Some of the predictions are indeed checked. For in- ! 

stance, strings predict gravity while prestring physics 
makes quantum gravity impossible. This prediction has ' 

been tested - and the result is one of the main reasons 
for the interest in string theory. ’ | 

Are you familiar with the Ashtekar canonical gravity , 

programme? If you are, do you think that the programme ! 

is founded on valid physical assumptions? I 

‘Some of the work in that programme is interesting to 
me. I’d personally be surprised, however, if it turns out 
that conventional general relativity exists as a nonper¬ 
turbative quantum field theory.’ 

Do you think the LHC will shed any light on low- 
energy superstring phenomenology? The detection of 
supersymmetry partners could be crucial. To explain the 
absence of SUSY partners at low energies we have in- ’ 

troduced the idea of the spontaneous breaking of super- 
symmetry, analogous to the Higgs mechanism for elec- 
troweak symmetry breaking: one facet of the SM which 
is unconfirmed is this mysterious Higgs field which per¬ 
vades all spacetime, which makes the electroweak 
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theory work by giving masses to particles, and which we 
have no shred of evidence for. 

‘Apart from gravity, supersymmetry is one of the gen¬ 
eral predictions of string theory. Therefore, confirming 
it at the LHC would give a big boost to the whole effort. 
Moreover, if supersymmetry is observed, it won’t be just 
that experimentalists will say “Yes, there is supersym¬ 
metry”. They will observe a plethora of superpartner 
masses and couplings. There is a reasonable hope that in 
all that data there will be clues to how string theory 
should be done - or tests of theoretical ideas that may 
have emerged in the meantime.’ 

I asked Ed what the inspiration for his ideas was. Did 
he manipulate page-long equations in his head? Did he 
deal with concepts, and then phrase everything in maths 
later on? Where Einstein, Galileo and Newton were dif¬ 
ferent from everyone else was they could ask really 
simple questions which had shattering consequences for 
existing physical theories. Was this Ed’s modus oper- 
anditoo? 

To this he replied: ‘I am afraid I don’t work on the 
cosmic scale you are suggesting. Most of the time I am 
bogged down doing nothing, and whatever success I 
have has come by focusing on a very little bit of the 
total picture.’ 

Outlook 

It is clear from the discussion that we are a long way off 
from even the foundations of a full theory of QG. De¬ 
spite some famous claims, the end of theoretical physics 
is still not in sight. 1 asked Chris about possible lines of 
future investigation. 

‘I think that the superstring programme and the 
Ashtekar programme are currently the only two really 
viable approaches to trying to construct a full quantum 
theory of gravity, and I, therefore, support strongly work 
on both fronts!’ 

‘Myself, I have long been bothered by the use of con¬ 
tinuum ideas in both quantum theory and classical gen¬ 
eral relativity, whereas both programmes do take this for 
granted. So I would like to be able to get away from 
this, but the problem is to find a theoretical framework 
that does not seem to be contrived and artificial. One of 
the many reasons why the superstring and Ashtekar pro¬ 
grammes are so important is that they do not have this 
contrived nature: within their own terms, each has quite 
compelling reasons for taking it seriously.’ 

‘Similarly, I (like Roger Penrose) believe in my heart 
that quantum theory itself needs to be changed radically 
to reflect our changing conception of space and time. 
But, again, it is difficult to do this in a way that is be¬ 
lievable to one other person than the author of the paper 
(Salam’s definition of what it means to say that a theory 
is worth taking seriously!).’ 
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Ed Witten gives this advice to those who want a try at 
superstrings: ‘It is hard to give general advice to young 
researchers. But people who want to learn strings should 
definitely make sure that along the way they get a thor¬ 
ough knowledge of what is known in particle physics 
and how it can be (more or less) derived from strings.’ 

As to where superstrings are heading he has this 
to say: ‘Lots of really nice things have been discovered, 
and that will continue. Sooner or later, probably far 
in the next century, the underlying unifying ideas will 
be discovered and then the physical landscape will 
be very different from what we can imagine today. If 
we are lucky and work hard, maybe we will live to see 
the day!’ 
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flat surfaces (hyperplanes) which, taken all together, fill out the 
entire spacetime. In GR, these surfaces are curved. 
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gravity. By J. David Brown (North Carolina State University) 
Karel V. Kuchar (Utah U.), GRQC-940900I, Aug 1994. 57 
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and no other interaction. 
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Faint star counts and the Milky Way structure 


Devendra Ojha 


The Milky Way Galaxy offers a unique opportunity for testing theories of Galaxy formation and 
evolution. Here we discuss how large surveys, both photometric and astrometric, of galactic stars 
are the keystones in investigations into such fundamental problems as the merging history and 
future of the Galaxy. This work features a sample survey plan to produce probes of stellar popu¬ 
lations in the Milky Way. Objectives of this work are to trace the fine structure of our Galaxy 
through the statistical study of the stellar distributions according to their luminosity, colours and 
proper motions. This involves two steps: first, acquiring a new photometric and astrometric sam¬ 
ple survey in various galactic directions; and second analysing the data using a model of popula¬ 
tion synthesis and determining the properties of populations in the Galaxy and constraints on the 
scenario of formation and evolution. 


The field of galactic structure is currently extremely 
active, due mostly to improvements in observational 
capabilities and the realization that our Galaxy is 
perhaps the one best-suited to test theories of Galaxy 
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formation. The concept of stellar populations has proved 
to be one of the most useful ideas of modem astronomy. 
Most simply, it is the idea that we can define a popula¬ 
tion as a set of stars that possess shared characteristics 
such as composition, age or kinematics, and that we can 
use the properties of various stellar populations to de- 
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termine the structure and evolutionary history of the Gal¬ 
axy. The first modern definition of stellar populations was 
given by Baade^ who defined two stellar populations - the 
now famous populations I and II - based on colour- 
magnitude diagrams and on the brightness of resolved 
stars in M31 and M32. Population I is composed of stars 
found in the disk of our Galaxy and in the Magellanic 
Clouds; a signature of this population is the presence of 
highly luminous O- and B-type stars and open clusters. 
Population II is made up of stars with colour-magnitude 
diagrams like galactic globular clusters, which lack lumi¬ 
nous blue stars; another signature of population II is the 
presence of short-period Cepheid variables. Now it be¬ 
came clear that population II was old and poor in metals, 
while population I was metal-rich and contains both 
young and old stars. The various doubts and worries about 
the population l/II scheme came to a head in the famous 
Vatican Conference" of 1957, during which Baade’s 
original two populations were replaced with five: extreme 
population I, older population I, disk population, inter¬ 
mediate population II, and halo population II. Since the 
Vatican Conference, the field of stellar populations has 
been advanced significantly, and we now have a wealth of 
detailed information on populations throughout the Gal¬ 
axy. One of the main developments is that we now have a 
good picture of the intermediate population (thick disk) in 
our Galaxy, i.e. a component with characteristics inter¬ 
mediate to those of the thin disk and halo populations^. 

Studies of stellar populations often take as their start¬ 
ing point large-scale surveys, with selection criteria in¬ 
volving one or more observable variables. The physical 
location of the stars is arguably the most important con¬ 
straint. With these points in mind, we have carried out a 
sample survey in UBV photometry and proper motions 
in various directions in the Galaxy. Large Schmidt tele¬ 
scope plates are well suited for measuring photometric 
magnitudes and positions for a large number of stars, 
because they have a large field (5° x 5°) and go suffi¬ 
ciently faint. By choosing a reasonable number of fields 
in various galactic directions, we expected to get a rep¬ 
resentative sample of the spatial distribution of the dif¬ 
ferent stellar populations, which have led to an under¬ 
standing of the history of formation and evolution of the 
whole Galaxy. The kinematical studies of stellar popu¬ 
lations are very important because they follow the ga¬ 
lactic dynamics and retain the memory of the evolution 
of the whole potential. The results discussed here con¬ 
cern the kinematics of thin disk and thick disk popula¬ 
tions of our Galaxy and the scenario of formation for the 
thick disk population. 

Observations and data reduction 

The chosen directions constitute a complete set of fields 
at high and intermediate latitudes: 


• Direction towards the galactic anticentre"^ (/ = 167°, 
Z? = 47°). 

• Direction towards galactic centre^ (7=3°, 7 j= 47°) 
near the globular cluster M5. 

• Direction towards the galactic antirotation^ 
(7 = 278°, 7^ = 47°). ■ 

• Direction towards the North Galactic Pole^ 
(7=58°, 7?=80°) 

The basic observational material for the survey is 
Schmidt plates. The plates used in our programme have 
been taken from Palomar, Tautenburg, European 
Southern Observatory and Observatoire de la Co- 
ted’Azur (France) Schmidt telescopes. For each field the 
plates have been taken in UBV filters. In all we have a 
total of 58 plates for the various fields. Each plate has 
been scanned with the MAMA (Machine Automatique a 
Mesurer pour 1’Astronomic) machine at Paris Observa¬ 
tory. A sampling step and pixel size of 10 pm has been 
used to scan the plates. The output of the MAMA ma¬ 
chine is a catalogue of objects giving the positions X 
and T, integrated density and the area of each object. 
The integrated densities are used to calibrate the plates 
photometrically, while a combination of various 
Schmidt plates of a given field is used for proper motion 
determination involving a time base of -34 years. To 
calibrate the plates photometrically a number of pho¬ 
tometric standards are required. The standards should 
cover the entire range of magnitudes and colours to be 
studied. To obtain photometric standards we have ob¬ 
served a number of subfields in each field using the 
CCD system attached to the 1-m Sampuranand telescope 
of the UP State Observatory at Nainital, India. A few 
standards have also been observed using the 1.2-m tele¬ 
scope of Observatoire de Haute-Provence in France. Our 
final photometric and astrometric survey contains 
55,000 stars covering a 50 square degree field. 

Kinematical analysis 

The distance of each star in the catalogue was deter¬ 
mined by estimating the absolute magnitude, which was 
obtained from a My vs B-V relation of main-sequence 
stars of solar metallicity, taking into account the metal- 
licity change as a function of the distance from the ga¬ 
lactic plane. The cardinal components of the stellar 
space velocity (in km/s), U, V and W (where U is de¬ 
fined as positive in the direction of the galactic anticen¬ 
tre, V is positive in the direction of galactic rotation, and 
W is positive in the direction of NGP), were derived 
from proper motions, /i/ and fib (in arcsec per year) and 
line of sight distance d (in pc)*. 

The major factors contributing to distance errors are 
the photometric errors in the colour of (5b-v and magni¬ 
tude From our surveys, we expect the mean errors in 
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<5b-v^ 0.1 and <5y= 0.07 for F = 11-18. From these val¬ 
ues, our estimate of error of about 20% in distance 
seems to be realistic up to z = 3 kpc, where z is the 
distance above the galactic plane. 

Kmematics of stellar populations 

The kinematical properties of each stellar population are 
related to their spatial distributions. Scale height, veloc¬ 
ity dispersions and asymmetric drift are linked by the 
Boltzmann equation. The proportion of each stellar 
population varies with the distance above the galactic 
plane and the selection of a stellar sample at a given 
distance allows one to optimize the proportion of one 
population. Since kinematical data allow one to improve 
this identification of populations, we have minimized 
bias from mutual contamination of each population at a 
given height by performing a kinematical separation of 
populations. To perform the kinematical separation, we 
have used a maximum-likelihood method (Stochastic 
Estimation Maximization (SEM) algorithm)^ in order to 
deconvolve the multivariate Gaussian distributions and 
estimate the corresponding parameters. The aim of the 
SEM algorithm is to resolve the finite mixture density 
estimation problem under the maximum-likelihood ap¬ 
proach using a probabilistic teacher step. Through SEM 
one can obtain the number of components of the Gaus¬ 
sian mixture (without any assumption on this number), 
its mean values, dispersions and the percentage of each 
component with respect to the whole sample. We have 
used this method to separate the 2-D Gaussian velocity 
distributions (f/, V) to identify the two components (thin 
disk and thick disk) of the Galaxy^^. A multivariate dis¬ 
criminant analysisis also used to distinguish the thick 
disk from other populations with the help of the model 
of population synthesis 

Thin disk population 

* For the thin disk population, we observe a continuous 
increase of velocity dispersion with height"*’^. It can be 
explained by the fact that the thin disk is a mixture of 
disks with various scale heights and velocity disper¬ 
sions, since the disk is not formed in isothermal compo¬ 
nents. This results in a vertical gradient of velocity dis¬ 
persions, since the disk is not resolved in isothermal 
components. For the thin disk population, we obtain a 
measure of the kinematic gradients, which appear to be 

d In (J Tj+ 11 / 1 

-rfi^^ = -0.18±0.03kpc-' 

oR 

and 

dlnal 

—^— = -0.05 ± 0.02 kpc~'. 


R is the galactocentric distance projected upon the ga¬ 
lactic plane. Our resultsconfirm that the thin disk 
has a relatively short scale length of -2.3 ± 0.5 kpc and 
scale height of -258 ± 50 pc. 

Thick disk population and the merging history of 
the Milky Way 

The thick disk population has been revisited under the 
light of these new data. We used also other photometric 
and astrometric sample survey in complementing direc¬ 
tion, like the pole^. 

The sample of stars in two fields (galactic centre and 
anticentre) have been divided into 6 or 7 bins of dis¬ 
tance, and in each bin of distance a fit has been per¬ 
formed with a SEM algorithm to identify the Gaussian 
(U, V) components corresponding to the different 
populations'*’^. The thick disk population has been iden¬ 
tified as a discrete and distinct component. In our pres¬ 
ent study”, the thick disk population appears to be iso¬ 
thermal, since the kinematical characteristics are nearly 
constant along the line of sight and so that there is no 
vertical gradient. For this reason, the velocity character¬ 
istics for this population are much better defined. For 
the thick disk population, the kinematic radial gradients 
appear to be almost zero: 

= -0.008 ± 0.01 kpc-' 
and 

= +0.02 ± 0.02 kpc“^. 

By combining the kinematical results deduced from our 
four surveys (galactic centre, anticentre, antirotation, 
and NGP), we have derived the velocity ellipsoid of the 
thick disk populationThe mean kinematic parameters 

are: ( 0 j/, Ow, Tug) = (72±4, 54±3, 40±3, 40±10) 
km/s. The most probable values of scale height and local 
normalization for the thick disk component are deter¬ 
mined to be hz ~759±50 pc and ^thick='7.4!;i;5% of the 
disk. The ratio of the number of thick disk stars in the 
galactic centre region to that in the centre region yields 

hB-2,Z-3.1 kpc for the scale length of thick disk^\ 

These properties have been compared with several 
scenarios of formation. ‘Top-down’ models, where the 
thick disk forms through a dissipational collapse, after 
the halo formation and before the thin disk has com¬ 
pletely settled down, are in contradiction with the data, 
since they infer a continuity in the characteristics of the 
thick disk and thin disk and large kinematical vertical 
gradients. Alternatively, ‘bottom-up’ models suppose a 
formation of a thick disk after the complete collapse of 
the thin disk. We can eliminate those where the thick 
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disk foitned from a secular kinematic diffusion of thin disk 
stars (which would produce a continuity between thin and 
thick disks). It remains a scenario well in agreement with 
the present data: the thick disk could have been formed 
from the dynamical heating of the thin disk during the sink 
of a small galaxy into the Milky Way. This merging event 
has to happen at the beginning of the thin disk life time so 
that the gas can cool again and form stars in the long-lasting 
thin galactic disk that we see now. This violent bottom-up 
scenario leaves two important observational signatures. 
First the thick disk is a separate population distinct from the 
thin disk and the halo. Second, no gradient can be generated 
in the thick disk by the event, although a preexisting gradi¬ 
ent may survive the merger. 

Conclusions 

The thick disk population is found from all points of view 
(density laws, kinematics and metallicities) as a population 
well separated from the thin disk. It shows no gradient ei¬ 
ther on abundance^ or on kinematics. The results emerging 
from the present study of the correlations between photome¬ 
try and kinematics give a mounting evidence that the thick 
disk of the Galaxy is most likely a sequel of a dwarf satel¬ 
lite galaxy merging in the Milky Way disk during the early 
epoch of this disk. This interpretation emerged from an 
accurate characterization of the thick disk properties: the 
scale height and the scale length of this component have 
been established; its rotation and velocity dispersion turned 


out to be quite distinct from both the disk itself and the 
halo. The local density of the thick disk component is twice 
what was previously assumed and the stellar colours do not 
reflect any significant chemical gradient. 
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A unique and remarkable binary pulsar 

Simon Johnston 

Research Centre for Theoretical Astrophysics, University of Sydney, NSW 2006, Australia 


PSR B1259-63 is one of the most remarkable pulsars 
ever discovered. It is the only pulsar known to be orbit¬ 
ing a main-sequence Be star and forms the ‘missing 
link’ in the evolutionary scenario of binary stars. Its 
orbit is highly elliptical and every 3.5 yr it approaches 
to within 0.5 AU of its companion star. Its pulse profile 
is unique among pulsars and shows that the opening 
angle of its emission cone exceeds 180°. Observations 
made around the time of closest approach of the two 

In this review paper, I will discuss the remarkable bi¬ 
nary pulsar PSR B1259-63. I will start with a general 
introduction into pulsars and binary systems before 
moving on to the specifics of the system containing PSR 
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stars show changes in the pulsar’s dispersion measure, 
rotation measure and fractional linear polarization on 
very short timescales. The pulsar is observed to spin 
down during the periastron passage. The companion 
star to the pulsar has been monitored at optical and UV 
wavelengths. The system is a radio and X-ray transient 
and has been detected at y-ray energies, with the high- 
energy emission probably occurring in a shock front 
formed by the collision of the two stellar winds. 

B1259-63. There are an increasing number of excellent 
conference proceedings and review articles on pulsars in 
general with varying degrees of complexity. Interested 
readers should consult refs, 1-11 and the references therein. 
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Almost 30 years after the discovery of the first pulsar 
by Hewish et al. radio pulsars remain one of the as¬ 
tronomy’s most exciting fields. The existence of neutron 
stars was predicted as early as the 1930s by Baade and 
Zwicky'^ who speculated that when a high-mass star 
(typically 5 or more solar masses, M^) ends its life in 
the spectacular event known as a supernova explosion, it 
should leave behind a dense stellar core. Although a 
blue star at the centre of the Crab Nebula was postulated 
to be such a neutron star''*, it was little thought that they 
would be detectable. In 1967, however, these neutron 
stars were serendipitously discovered by a group of ra¬ 
dioastronomers working at Cambridge University in the 
UK. The name pulsars (a contraction of the two words 
pulsating stars) is a misnomer; the stars rotate rather 
than pulse and the principal characteristic of a pulsar is 
its incredibly stable rotation rate. The radioemission 
originates from near the magnetic pole and the mis¬ 
alignment between the rotation and magnetic axes pro¬ 
duces a regular pulse of radiation for an observer on 
Earth (like the oft-quoted analogy with a lighthouse). 

Pulsars are now known to be highly magnetized, rap¬ 
idly rotating neutron stars which originate from the su¬ 
pernova explosions of high-mass stars. Pulsars have 
masses in a tight range around 1.4 ' f^ and have diame¬ 
ters of only -20 km; this implies a stellar density in the 
region of 10 kg m Almost 600 have now been dis¬ 
covered and catalogued’^; all bar a few are located 
within our own Galaxy. Their spin periods range be¬ 
tween 0.00155 and 5.4 s and their inferred magnetic 
fields lie between 10^ and 10^ T. The youngest known 
pulsar, is 900 years old in the Crab Nebula. The oldest ’ 
pulsars have ages in excess of 10® years, comparable to 
the age of the Galaxy. All pulsars are observed to spin 
down with time due to rotational energy losses from relativ¬ 
istic particles streaming from the high magnetic field. 

Only -2% of pulsars are part of a binary system. 
However, their importance is not proportional to their 
number and they provide many valuable insights into the 
physics and the formation and evolution of neutron star 
systems and their progenitors. Before the discovery of 
PSR B1259—6 j, all the companions to known binary 
pulsars were degenerate stars, either white dwarfs or 
other neutron stars. The evolutionary route of double 
neutron star systems is thought to occur as follows®: 
Two high-mass stars are in a mutual orbit; the more 
massive of the two stars evolves first and then explodes 
in a supernova explosion. In rare cases, the system 
remains bound and consists of a high-mass star and a 
young neutron star'^. The high-mass stars eventually 
evolve, and the system goes through a high-mass X-ray 
binary phase (HMXB) when material from the evolved 
star accretes onto the neutron star surface. Eventually, 
the high-mass star explodes in its turn and, if the system 
remains bound, a double neutron star system remains. 
All the steps of this evolutionary chain had been ob¬ 
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served (most famously perhaps for the double neutron 
star system PSR B1933+16, for which the discoverers'® 
won the 1993 Nobel Prize for Physics) except the sec¬ 
ond step - the neutron star, high-mass star pair before it 
evolves into an HMXB. This ‘missing link’ was found 
with the discovery of PSR B1259-63 (ref 18) and an 
important piece in the evolutionary jigsaw fell into 
place. A further example of such a system has subse¬ 
quently been discovered'®’®”. 

It turned out that PSR B1259-63 was orbiting a lOM. 
Star known as a Be star (described in more detail be^ 
low). Be stars^^ themselves are rather strange objects. 
Most stars show spectral lines only in absorption; how¬ 
ever, the Be stars are characterized by having the 
Balmer series of hydrogen in emission. In the early 
1930s, this was interpreted to mean that the star had a 
disk of material surrounding its equator which had been 
thrown off due to centrifugal forces from the rapidly 
rotating underlying star^l This simple model is still 
prevalent today, although observations, particularly at 
UV wavelengths, have found that this cannot be the 
whole story. There remains no convincing theoretical 
model of Be stars. The general picture, however, is that 
Be stars have a hot, tenuous, fast-moving wind which is 
thought to originate from the stellar poles. They also 
have a disk of material which is cool, dense and slow- 
moving and which follows Keplerian orbits at least for a 
few tens of stellar radii. In the simplest model the disk 
can be characterized by two parameters: an opening an¬ 
gle and a radial power law distribution of electron den¬ 
sities within this envelope^^. 


Discovery 

PSR B1259-63 was discovered during a search for 
young, distant pulsars in the galactic plane using the 
Parkes 64 m telescope located in NSW, Australia^^ For 
a variety of reasons, the search was conducted using 
an observing frequency centred at 1520 MHz rather 
than the 400 MHz commonly employed in pulsar 
searches. This high-frequency turned out to be rather 
valuable as, most unusually for pulsars, PSR B1259- 
63 cannot be detected at low frequencies in short 
integration times. 

The pulsar was interesting to us right from the mo¬ 
ment of discovery. It had the shortest spin period 
(47 ms) of any of the pulsars discovered in the survey 
and had a rather curious double-pulse profile reminis¬ 
cent of the archetypal young pulsar in the Crab Nebula 
(PSR B0531+21). After a successful attempt to measure 
the period change over a few days, we concluded that 
the pulsar was probably young. This encouraged us to 
look for a supernova remnant around the pulsar, but 
to our disappointment an image of the region with 
the Molonglo Synthesis Telescope (MOST) revealed 
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nothing of interest in the pulsar’s vicinity. 

By the middle of 1990 we realized that the pulsar was 
not behaving exactly as it should. In two consecutive 
timing observations the pulsar was extremely weak be¬ 
fore reappearing about a month later at its usual 
strength. As the timing programme continued and more 
data points were obtained, it was evident that the pulsar’s 
behaviour could not be explained with a simple period and 
period-derivative, and in early 1991 we came to the con¬ 
clusion that the pulsar was a member of a long-period bi¬ 
nary system. The most remarkable thing about the binary 
companion is that it had to have a mass greater than 2 
and this implied that the companion was either a black hole 
or a high-mass star. Both possibilities were extremely inter¬ 
esting - all other binary pulsars to that date, of which there 
are anyway very few, had either white dwarf companions 
(with mass less than 1 or neutron star comp^ions 
(with masses between 1.2 and 1.6 M^). 

A sub-arcsecond position using the Australia Tele¬ 
scope Compact Array (ATCA) was obtained and it 
turned out that a well-known 10th magnitude Be star, SS 
2883, was located within the ATCA error box. Thus, the 
companion was a main-sequence star with a mass of 
-10 Mq, the first such system discovered and an impor¬ 
tant system for our understanding of the evolutionary 
sequence of the millisecond pulsars. When the paper 
announcing the discovery of the system was published^^, 
not enough data had been obtained to allow an accurate 
determination of the orbital parameters; indeed, it turned 
out that the errors quoted in the parameters were much 
too optimistic. However, the general shape of the orbit 
was correct; it was highly eccentric {e ~ 0.9) and the 
binary period was in excess of a few years. This remains 
the orbit with the highest eccentricity out of all the 
known neutron star binary systems. This high eccen¬ 
tricity implies that the pulsar comes very close to its 
companion star at closest approach (‘periastron’). 


Waiting for periastron 

Although by 1992 it was apparent that periastron was 
still a year or more away, there were plenty of experi¬ 
ments needing to be done. The programme to monitor the 
pulsar in the radio was continuing, with data being obtained 
roughly every two weeks. As the time baseline increased, 
the binary parameters became better determined, and by 
early 1993 we were confident of the numbers and published 
them in an lAU telegram^ with the prediction that the next 
periastron would occur on 9 January 1994. 

At optical wavelengths, a crude spectrum of the star 
had been obtained^^, but in April 1993 we used the 
3.8 m optical Anglo-Australia Telescope (AAT) to ob¬ 
tain high-resolution spectrum of the prominent hydrogen 
Balmer lines typical of Be stars as a class. The spectrum 
showed the higher-order Balmer lines and^the He I line 


Table 1. Observed and derived parameters for PSR B1259-63 
(from ref. 27) 


Right ascension, a (J2000) 
Declination, 5 (J2000) 

Period, P 

Period derivative, P 

Epoch of period 

Dispersion measure, DM 

Orbital period, Rb 

Projected semimajor axis, a sin i 

Longitude of periastron, w 

Eccentricity, e 

Epoch of periastron 

Magnetic field, B 

Characteristc age, Tc 

Mass function,/(Mp) 

Predicted periastron passage 


j3h 4r.68(2) 

-63° 50' 08".6(1) 
47.762053919(4) ms 
2.2793(4) X 10'^= 

MJD 48053.44 
146.75(8) cm~^ pc 
1236.79(1) days 
1295.98(1) lights 
138.6548(2)° 

0.869836(2) 

MJD 48124.3581(2) 

3.3 X 10*^ G 
0.33 Myr 
1.53 A/q 

MJD 49361.2 s 1994 Jan 9.2. 


in emission and thus confirmed that the star was around 
spectral type B1 and had a mass of ~10 and a radius 
of ~6 Rq. This, in turn, implies that the inclination angle 
of the binary orbit in the plane of the sky is roughly 35°. 
The optically derived distance of only 1.5 kpc is in con¬ 
trast to the distance derived from the dispersion measure 
of 4.5 kpc (ref 26); it is likely that the optical value is 
closer to the truth. The equatorial stellar rotation veloc¬ 
ity is -180 km s"^; given the star’s spectral type, the 
velocity is expected to be somewhat higher than this. If 
we ascribe the velocity difference to an inclination angle 
effect then the equator of the star is also inclined at 35° 
to the line of sight, similar to the binary orbit. Although 



Figure 1. Schematic diagram showing the orbital path of the pulsar 
and its Be star companion around the time of periastron. Tick marks 
on the pulsar orbit are at 10-day intervals. The orbit of the Be star, 
assuming a mass of 10 for this star, is shown in the top-left cor¬ 
ner, and the likely size and position of the optical circumstellar disc 
at periastron is shown by the dashed circle. The medium-thicknes 
line indicates the portion of the orbit over which the pulsed emission 
was depolarized, and the full-thickness line indicates the interval 
over which the pulsar was eclipsed. (After ref. 40) 
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Figure 2. Mean pulse profiles and polarization parameters for PSR 
B1259-63 at 4.7 GHz. In the lower part, the solid line is the total 
intensity (Stokes parameter I) profile, the dashed line is the linearly 
polarized intensity (L), and the dotted line is the circularly polarized 
intensity (V). In the upper part, the position angle of the linearly 
polarized part (y/) is plotted where L is significantly above noise, 
with ±2cT error bars on every second point. An error box of amplitude 
2O' and width equal to the effective profile resolution (including 
dispersion smearing across frequency channels) is visible at the left- 
hand end of the profile baseline. (After ref 28) 

this result is highly model-dependent it does give some 
indication that the stellar disk and the binary orbit are 
close to aligned. A combination of the optical results 
and the improved timing parameters for the pulsar using 
all the data available up to mid-1993 was published by 
Johnston et . The observed spin and Keplerian pa¬ 
rameters and a few of the derived parameters of the 
system are shown in Table 1. A schematic of the pul¬ 
sar’s orbit near the time of periastron is shown in 
Figure 1. 

Radio polarization data for the pulsar were obtained at 
frequencies ranging between 1500 and 8400 MHz. The 
data show that both pulses are strongly (80%) linearly 
polarized at all frequencies^*. The polarization proper¬ 
ties of the pulsar at 4700 MHz are shown in Figure 2, 
which shows the pulsar in its ‘conventional’ profile, and 
this leads one to believe that the pulse shown on the left 
arrives at the observer before the pulse shown on the 
right. Remarkably, the polarization data show that con¬ 


vention in this case is flaunted. The data show that the 
pulsar emission cone must have a very large opening 
angle (greater than 180°) and that the pulse shown on 
the right actually arrives first^*. The data also confirm 
that the binary inclination angle must lie close to 35°. 

Observations had also begun at higher energies. Fol¬ 
lowing an apparent nondetection of the pulsar just prior 
to apastron at X-ray wavelengths^^, the ROSAT tele¬ 
scope was used to observe the pulsar at two epochs just 
after apastron^®. The pulsar was detected on both occa¬ 
sions, the second detection being roughly double the 
flux of the first. There was no evidence for any pulsed 
flux at either epoch. Cominsky et considered vari¬ 
ous origins of the X-rays and ruled out that they origi¬ 
nated from the Be star’s hot coronal wind or from 
Roche-lobe overflow accretion. They concluded that 
some accretion from the Be star wind must be occurring 
even at such a large distance from the star. Later, the 
apparent nondetection was reanalysed^^ and it was found 
that the pulsar was, in fact, detected at a low flux level; 
however, this did not alter the basic conclusions in 
ref 30. 

Meanwhile, the theorists had not been idle. Ko- 
chanek^^ was the first out of the starting blocks and he 
modelled the impact of the pulsar on the equatorial disk 
of the Be star and the observational consequences for 
the optical emission lines. King and Cominsky^^ had 
taken the X-ray observations and proposed that the X- 
rays originated from low-level accretion from the tenu¬ 
ous (at apastron) Be star wind spherically onto the neu¬ 
tron star. In the model, the equatorial wind speed had to 
be low, only -10 km s~^ and relatively cool. Later X-ray 
observations (see below) probably rule out this explana¬ 
tion. Lipunov et proposed an evolutionary scenario 
for the pulsar and also predicted that changes in the pul¬ 
sar’s dispersion and rotation measures would be ob¬ 
served at periastron. Finally, shock theory was used to 
model the interaction between the pulsar wind and the 
Be star wind and implications of the theory for high- 
energy observations near periastron were discussed. The 
conclusions were that the observations should yield a 
determination of the physical characteristics of both 
winds. 

Periastron 

Observations at the time of periastron were carried out 
from the radio through to y -ray energies, encompassing 
UV, optical and X-ray energies. 

Careful timing analysis of the pulsar for over 1500 
days and two periastron passages came to fruition with 
the discovery that the pulsar had spun down slightly as a 
result of its periastron passage^^. The magnitude of the 
spin-down is rather small, with a AP/P of -2 x 10”^ and 
it is argued that this is a result of the so-called ‘propeller 
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effectThe slowdown occurs because although the 
strong magnetic field of the pulsar prevents accretion onto 
its surface, the incoming material still interacts with the 
strong magnetic field at the Alfven radius. The magnetic 
field ‘propels’ the material away from the star but at the 
same time the material imposes a braking torque on the 
pulsar. Detailed modelling of the effect in this system has 
been considered by Ghosh . 

Observations of the pulsar using the Parkes radiotele¬ 
scope over a few months around periastron have been dis¬ 
cussed by Johnston et al^. The observations showed 
changes in the pulsar’s dispersion measure, rotation meas¬ 
ure, flux density and percentage polarization on short 
timescales. This is the first time such changes have been 
observed in any pulsar. Essentially, the pulsar acts as an 
excellent probe of the wind surrounding the Be star. As the 
pulsar approaches its companion, it enters denser regions of 
the Be star’s wind and the pulsar’s dispersion measure 
starts to increase. Eventually, due to the clumpy nature of 
the wind, the pulses themselves become scatter-broadened 
and this renders the pulsar undetectable at low frequencies. 
Finally, a combination of pulse scattering and free-free 
absorption renders the pulsar undetectable for a period of 6 
weeks around periastron itself^. On egress from the 
eclipse, the rotation measure and percentage polarization of 
the pulses varied rapidly over a period as short as a few 
hours. Melatos et looked at detailed modelling of the 
stellar environment based on the radio observations of the 
pulsar. They concluded that the pulsar wind cannot domi¬ 
nate the Be star’s wind contrary to popular belief arid that 
the best fit to the observed radio data comes from assuming 
that the Be star has a thick equatorial disk with a exponen¬ 
tial density profile. The value of the stellar magnetic field 
and surface density are consistent with other values found 
in the literature"^^. 

Observations of the binary system were made with the 
ASCA X-ray satellite on three epochs around periastron^^. 
The system was detected on all three occasions with an X- 
ray luminosity of erg s”^ just before and just after 
periastron and about a factor of 2 lower at periastron itself. 
As with the earlier ROSAT data, no pulsations were de¬ 
tected and accretion onto the neutron star surface as a cause 
of the X-rays can also be ruled out*^^. The most likely ex¬ 
planation is that magnetohydrodynamic shock acceleration 
processes between the pulsar and the Be star’s wind are the 
most likely explanation for the X-ray emission. Details of 
this mechanism will appear in a later publication . 

Finally, observations at y-ray wavelengths with GRO"^^, 
in the optical"^^ and the radio continuum"^^ are all still 
being analysed and the results should appear in the press 
within this year. 

Summary 

I have- given a brief overview of the discovery of the 
peculiar binary pulsar PSR B1259-63. It remains one of 
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only two pulsars known to be in orbit around a high- 
mass main-sequence star. It is the only pulsar to show 
dynamical changes in its measured parameters and the 
only radio pulsar to show X-ray and y -ray transient 
phenomena. 

Most of the observational data are currently in press 
or in preparation (as of July 1995) and the publication 
of this material will undoubtedly stimulate further re¬ 
search into this system. The next periastron will occur in 
mid-1997 and once again both observers and theoreti¬ 
cians will be watching with interest. 
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A high-precision technique using 
X-ray reflectivity for the measurement 
of surface and interface roughness 

P. V. Satyam, D. Bahr*, S. K. Ghose, G. Kuri, 
B. Sundaravel, B. Rout and B. N. Dev 

Institute of Physics, Sachivalaya Marg, Bhubaneswar 751 005, India 
♦Hamburg Synchrotron Radiation Laboratory. HASYLAB at DESY, 
Notkestr. 85, D-22603 Hamburg, Germany 

Surface and interface roughness plays a crucial role 
in ultrathin two-dimensional layers. We have set up 
an X-ray reflectometry facility for the measurement 
of surface and interface roughness with a precision 
better than 1 A. As ion implantation is one of the 
techniques to fabricate ultrathin buried epitaxial 
layers, we have explored the effect of MeV ion im¬ 
plantation on surface roughness in two cases: Au- 
implanted LiNbOsCOOl) and Co-implanted Si(lll) 
samples. In both cases we have observed an implan¬ 
tation-induced enhancement of surface roughness. In 
addition, for the Co-implanted samples, we found 
unexpected interference fringes with dose-dependent 
periodicity. 

HiGH-quality thin films are necessary for the fabrication 
of lower-dimensional structures for fundamental studies 
and for device fabrication in microelectronics. For the 
growth of high-quality films the role of solid-vacuum 
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and solid-solid interfaces is very crucial. The quality of 
the thin film and the interfaces should be as good 
as possible. Therefore, one needs experimental probes 
to determine this quality. Among the relevant questions 
to be answered are the following: (i) What is the 
structure of the ultrathin grown layer, or what is the ini¬ 
tial stage of growth? (ii) For a multielemental film, 
which type of atoms lie in the first atomic layer at the 
interface? (iii) What is the coordination number of the 
interface atoms? (iv) What is the distance between adja¬ 
cent atomic layers across the interface? These questions 
are answered by using a very powerful technique involv¬ 
ing generation of standing waves of X-rays . One 
would also like to know the amount of statistical disor¬ 
der, or roughness, on the film surface and on the buried 
film-substrate interface. This information along with the 
film thickness can be obtained from X-ray specular re¬ 
flectivity measurements. Both the X-ray standing wave 
and the X-ray reflectivity measurement techniques are 
nondestructive and the high penetration power of X-rays 
enables the probing of buried layers and interfaces. 

For the determination of interface roughness, the 
problem is to determine the correct probability density 
function for the interface position in the direction of the 
surface normal. This is mostly a Gaussian distribution. 
Then the spread in the interface position can be evalu¬ 
ated. X-ray reflectivity under the grazing incidence 
condition is a well-established technique to investigate 
this spread in the position of exposed (outer) and buried 
(inner) interfaces^. 
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We have recently set up the grazing incidence X-ray 
reflectivity experiment for the measurement of surface 
and interface roughness in the Institute of Physics, Bhu¬ 
baneswar. To our knowledge, this is the first high- 
precision grazing incidence X-ray reflectometry facility 
in India. Here we present a brief description of the set¬ 
up and some preliminary results. 

The experimental set-up uses an 18 kW rotating- 
anode X-ray source (RIGAKU 300VE) with a Mo 
anode. A line beam of Mo-K„i (17.479 keV) X-rays 
is selected with a symmetrically cut dislocation-free 
Si(lll) monochromator crystal. The 6-26 scan is 
performed using a HUBER four-circle diffractometer. 
The reflected X-rays are detected with a BaF 2 scintilla¬ 
tion detector. The programs for the angular scans 
and data, collection have been written in GWBASIC. 
A schematic diagram of the experimental set-up is 
shown in Figure 1. We also measure inelastic spectra, 
e.g. fluorescence, fi'om the sample with a Si(Li) detector 
simultaneously with the reflectivity as a function 
of 6. The signal from the Si(Li), which first goes to a 
multichannel analyser, is automatically transferred to the 
computer (PC-386) memory along with the reflectivity 
data. The whole process is automated and controlled 
through the PC. This completes the set-up for X-ray 
standing wave experiment under grazing incidence 
specular reflection. This additional feature with the 
Si(Li) detector has not been shown in Figure 1. The de¬ 
tails of the instrumentation aspect will be published 
elsewhere. A part of the instrumentation has already 
been published®. 

For X-rays the (real part of ) index of refraction of 
any solid or liquid medium is less than unity. Thus, it is 
possible to obtain total external reflection from matter. 
For the two-media system the reflectivity is obtained 
from the. Fresnel coefficient of reflection®: 





( 1 ) 


where 



Figure 2. Sketch of X-ray reflection and refraction for a two-medium 
system. 

01 and ki being the glancing angle and the wave vector 
in medium 1, respectively (Figure 2); 

n; = l-5/ —i^; U) 

is the complex refractive index of the material of the 
/th layer. 5 and jS values are very small, each of the or¬ 
der of 10'® or less. 5 and J3 values are given by 
5 =rt ^Nil'll and P = XiJJ4n, where is the classical 
electron radius, X is the wavelength of the incident 
radiation, N is the total number of electrons per unit 
volume and fJ, is the linear absorption coefficient . 
Equation (1) is valid for the s-polarized radiation. For 
the p-polarized radiation 

p -hyLizh2dA. (4) 

However, for X-rays («/ = 1) eq. (4) reduces to eq. (1). 

If the first medium is air (5 = = 0) and the second a 

solid substrate, the reflectivity is 

^1.2 =h,2f = 



k,i = k^{6]-25i-2\^if^, 1 = 1,2, (2) 



RIG: Rotating anode I-ray Generator, IIC: Honochromator, 
S1,S2; Sits, S: Sample, SH; Sample Holder, !: Detector, 


Figure 1. The schematic experimental set-up for X-ray reflectivity 
measurements. 


(We have dropped the subscript of 0i.) This is applica¬ 
ble for a smooth surface. (A surface is also called an 
air-solid or vacuum-solid interface.) 

For a rough surface, the surface position can be de¬ 
scribed by a Gaussian probability distribution as intro¬ 
duced by Nevot and Croce*: 

F(2) = -=U-e“^'^2‘^2. (6) 

v27r<j2 

With this modification the Fresnel coefficient of reflec¬ 
tion for a rough surface becomes 


^rough 

'i,2 



( 7 ) 
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in the limit a 2 kz^ 2 < 1; <^2 is the root mean square rough¬ 
ness of the surface of medium 2, and r\^ 2 is given by 
eq. (1). This result wa^ also obtained by Sinha et al^ in 
a different approach within the distorted-wave Bom 
approximation (DWBA). Thus, the reflectivity (eq.(5)) 
gets modified for a rough surface: 

= ( 8 ) 

Here we present some results of reflectivity measure¬ 
ments on Au-implanted LiNbO3(001) and Co-implanted 
Si(l 11) single-crystal substrates. LiNbOs is a widely 
used dielectric material for optical waveguides. The 
waveguiding properties are controlled by incorporating 
impurities, e.g., Ti, in the LiNbOs lattice. It is important 
to determine the impurity site in the lattice^®. For the 
lattice location of Au in LiNbOs we performed X-ray 
standing wave and ion-channeling experiments. These 
results will be published elsewhere. Here we present the 
results of measurements of surface roughness of an 
implanted sample. 

Interest in Co implantation in Si arises from the fact 
that it is possible to fabricate a buried epitaxial CoSis 
layer in Si by ion implantation of Co followed by an¬ 
nealing. This process is known as ion beam synthesis 
(IBS). The IBS-prepared silicides have received much 
attention as their electrical transport properties are bet¬ 
ter than those prepared by the conventional ultrahigh 
vacuum procedure. A possible application of an IBS- 
fabricated Si/CoSis/Si heterostructure is as a metal base 
transistor^^ Measurement and control of interface 
roughness in these structures are important. The results 
of surface roughness measurements on Co-implanted 
Si(l 11) samples are presented here and compared with 
those on the virgin Si(l 11) sample. 

Figure 3 shows the X-ray specular reflectivity from 
a virgin (00 l)-oriented LiNbOs sample as a function 
of the grazing incidence angle. The curve fitted to 
the data corresponds to a surface roughness of 9.6 A. 
In order to elucidate the precision of the roughness 
measurement, the theoretical curves for two values 
of roughness of 8.6 and 10.6 A are also shown. These 
curves are clearly different from the best fit to the 
data, implying that the precision is better than 1 A. 
The theoretical curves obtained from eq. (8) have 
been convoluted with the beam divergence (0.05°) 
for fitting to the experimental data. Results from 
the measurement on Au-implanted sample are shown 
in Figure 4, which also shows the virgin LiNbOs 
result for comparison. The measured roughness on 
the implanted sample is 14.5 A, i.e. the surface rough¬ 
ness has been enhanced due to implantation. (It may 
be noted that high-energy ion implantation can produce 
interesting viscoelastic effect, leading to surface 
smoothing or roughening^^.) We have not made meas¬ 
urements on the implanted sample before annealing. 
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Figure 3. Reflectivity as a function of the grazing angle of incidence 
0 for a virgin LiNbOsCO 01) sample. The value of the momentum 
transfer Q- An sin 01X is shown on the top abscissa. 
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Figure 4. Reflectivity from an Au-implanted LiNbOsCO 01) sample 
(O). For comparison the reflectivity from a virgin sample is also 
shown. 


Surface roughness might have been even higher on the 
as-implanted sample. Au implantation was done using 
the 3 MV Pelletron accelerator in our Institute. 
1.38MeV Au^"^ ions were implanted into the LiNbOs 
sample at a tilt angle (the angle between the surface 
normal and the ion beam direction) of 65°. The sample 
was annealed at 450°C for 40 min under flowing oxygen 
to remove implantation-induced lattice damage. The ion¬ 
channelling measurement showed that the bulk lattice 
damage was almost fully removed. 
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Figure 5. Reflectivity from Co-implanted Si(l 1 1) samples with 
various Co doses (ions/cm^) and from a virgin Si(l 1 1) sample is 
shown. The surface roughness values (a) are listed. The ordinates of 
the successive curves have been shifted by a decade for clarity. 

Co^ implantation was done at a tilt angle of 70®. The 
samples were not annealed. The reflectivity results are 
shown in Figure 5. A comparison with the virgin 
Si(l 11) sample shows that the surface roughness is sig¬ 
nificantly enhanced. However, the roughness is not 
strongly dose-dependent within the range of doses 
(2 X 10^^--2.15 X 10^^ Co/cm^) studied. The oscillations 
on the reflectivity curves arise from the interference due 
to scattering from a carbon layer deposited on the sur¬ 
face during implantation. The thickness of this layer is 
determined from the periodicity of these oscillations. 
Independently, we have determined the thickness of this 
carbon film and the depth distribution of Co atoms by Ru¬ 
therford backscattering spectrometry^^. Detailed analysis of 
the Co-implanted system will be published elsewhere. 

X-ray reflectivity from a multilayer system has been 
worked out by Parrat^. For the multilayer system each 
interface can be represented by a Gaussian of the form 
given in eq. (6), with O/ representing the rms roughness 
of the (/ - l)th interface. (The first layer being vacuum, 
02 represents the roughness of the surface of the second 
layer or the first interface.) 

We believe that now with the availability of this pow¬ 
erful technique in India, further activities will be stimu¬ 
lated in the fast-developing area of surface and interface 
physics. 
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Single-ion activities by a solid ion 
transmitter bridge and a reference 
electrode without liquid junction 

S. Parthasarathy and K. Ramya 

Centre for Electrochemical and Energy Research, SPIC Science 
Foundation, 110, Mount Road, Madras 600 032, India 

It had been shown that it is possible to measure 
thermodynamic values of single-ion activity using a 
solid ion conductor to bridge a reference electrode 
and a test electrode, thus eliminating liquid junction 
potentials. This led to redefinition of activity of an 
ion and brought out into sharp focus the crucial role 
of the charge factor in determining the effective 
strength of an ion. In this paper, we have measured 
potentials, free from liquid junction, using chloride 
ion sensors and the solid-ion transmitter bridge for 
determining chloride ion activity in zinc chloride 
solutions, leading to confirmation of definition of 
activity of an ion already proposed. 

The central paradigm of the theory of ionic solutions of 
strong electrolytes can be stated as follows: 

1. It is impossible to measure the activity of single ion 
in solutions of strong electrolytes, as any reference 
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electrode will have to necessarily form a liquid junction 
with the test solution^’^. 

2. Liquid junctions potentials cannot be eliminated, 
but can at best be minimized using devices like a salt 
bridge^’"^. 

3. The concept of individual activity coefficients can¬ 
not be defined accurately, and such coefficients may not 
even be determined experimentally without some sup¬ 
plementary definition of nonthermodynamic nature^. 

Haraed^ has expressed the point at issue in explicit 
terms: ‘We are confronted with interesting perplexity 
that it is not possible to compute liquid junction poten¬ 
tials without a knowledge of individual ion activities, 
and it is not possible to determine individual ion activi¬ 
ties without an exact knowledge of liquid junction po¬ 
tentials. For the solution of this difficult problem, it is 
necessary to go outside the domain of exact thermody¬ 
namics’. Correlating the liquid junction potentials and 
individual ionic activities, Guggenheim^ has deduced 
equations for cell potentials with liquid junction that are 
free from ionic activities and concluded that the activity 
coefficient of a single ionic species is not an operational 
concept and is completely unnecessary for an adequate 
treatment of the thermodynamics of the cell with liquid 
junction. Conversely, this type of cell can furnish no 
exact information regarding the activity of a single ionic 
species, whereas the meaning and usefulness of single 
ion activities have been stressed by Bronsted et al}, 
Maclnnes^ and Kortum^^. 

Single-ion activity (SIA) would be a prerequisite for 
building electrochemical potential series without invok¬ 
ing arbitrary zero potential for the standard hydrogen 
electrode. Measurement of SIA would provide a tool for 
direct measurement of free metal ion concentration for 
studies on metal-ligand interactions instead of the fit¬ 
ment procedure adopted currently, using only ionic 
strength and pH, by successive iterations to calculate the 
activity of the species in solution. 

Thermodynamic activities of the electrolyte can be 
obtained from the potential of an electrochemical cell 
without liquid junction. For example, in the cell Zn, 
ZnCli/AgCl, Ag system consisting of Zn electrode and 
an indicator electrode, Ag/AgCl in the same solution is 
treated as a cell without liquid junction and thermody¬ 
namic activities are derived from cell potentials. 

The activity of an ionic species is arbitrarily defined 
as the product of molality and activity coefficient. If 
SIA can be determined experimentally, this arbitrary 
assumption can be dispensed with, by comparing it with 
value calculated using molality and the single-ion activ¬ 
ity coefficient (calculated using Debye-Huckel equation 
and its modifications)^This would enable us to 
check whether the present mode of calculation of SIA 
will require any modification about which reservations 
have already been expressed^"^. 
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It has already been shown that the activity of an ion 
in a solution of molality m may be redefined as the ef¬ 
fective strength of the ion expressed by the term ^jmji 
(where Z, is the valence of the ion), rather than the ef¬ 
fective concentration signified by mji. EMF measure¬ 
ments of the cell Zn/ZnCl 2 (m)/bridge/KCl(satd), 
AgCl/Ag have been carried out for different concentra¬ 
tions (molality) of zinc chloride, using a bridge based on 
solid silver chloride ionic conductor to avoid liquid 
junction potential. From the experimental data the ac¬ 
tivity of zinc ion has been derived for different molal 
concentrations of zinc chloride and has been found to 
compare well with the calculated values. 

This paper presents a new approach to eliminate 
liquid junction potential by using a solid ion transmitter 
bridge for determining single-ion activities (chloride 
ion) in zinc chloride solutions. The experimental results 
lend further support to the new definition of activity of 
an ion proposed earlier*^. The preparation and other 
details of the solid ionic conductor bridge are also dis¬ 
cussed in this paper. 

The chloride-ion-selective electrodes are the Ag/AgCl 
electrodes prepared by dipping a loop of high-purity 
silver wire into molten high-purity silver chloride. These 
electrodes are then tested against saturated calomel 
electrode (SCE) for reproducibility and stability in the 
cell Ag/AgCl, KCl(satd), HgaC^/Hg. Electrodes with a 
microcapillary tube supplied by Tacussel Electronique, 
France, were found to be most suitable. The potential is 
independent of the activity of chloride ions as the cell 
reaction 

Ag2Cl2 + 2Ag ^ 2Hg + 2AgCl 

involves only solid substances, and is found to be 
0.0456 V (ref. 16). The electrodes were found to attain 
equilibrium potential faster than thermal or thermal 
electrolytic electrodes The zinc electrodes were 
specpure zinc rods supplied by Johnson Matthey, UK, 
sleeved by glass tube, fixed with epoxy with 1 cm length 
of rod exposed, which is amalgamated with distilled 
mercury. The procedure for preparation of zinc chloride 
solutions and the experimental set-up used is the same 
as described elsewhere^^. 

Solid AgCl was used to make solid ion transmitter be¬ 
cause of its unique plasticity characteristics. For this 
purpose, pure AgCl was melted into a bridge in the form 
of a ‘U’ tube made from pyrex glass with a capillary of 
2 mm bore diameter so that it is a uniform solid on par 
with rolled or cast AgCl sheet or rod. The tubes are put 
in the furnace maintained at 380°C and held at this tem¬ 
perature for 10 h and then allowed to cool slowly. This 
will eliminate porosity, cracks and fissure formation and 
maintain continuity of the solid chloride between the 
two tips of the bridge. 

The bridges were subjected to: 
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1. Pressure test. On application of gas at a high pres¬ 
sure from a nitrogen cylinder, there was no pressure 
drop, thereby confirming that there are no crevices, 
leaks or cracks in the solid AgCl. 

2. Electrochemical test. The measured potential of the 
cell Ag/AgCl, KCl(satd)/Bridge/KCl(satd), HgiCVHg 
was 45.6 mV in accord with expected value. 

3. Creep test. One arm of the bridge was placed in 
saturated KCl solution and the other in AgNOs solution. 
No turbidity or precipitate of AgCl was found even after 
24 h. It was also found that the potential-measuring ca¬ 
pability is not affected when we switch over from satu¬ 
rated KCl to ZnCli (0.1 m) solution as shown in the ex¬ 
periment. These tests confirm that there is no creep of 
Cr ions from one cell to another. 

A potential of 1000 V was applied across the two ends 
of the bridge by connecting to a DC power source and at 
a point 1 cm away from tips by fusing a Pt wire. The 
current was in the picoampere range and there was no 
precipitate of AgCl formed when the bridge was dipped 
in AgNOs solution; the potential was applied for several 
hours. No evolution of gas (chlorine or hydrogen) was 
observed, thus ruling out the possibility of corrosion 
reactions. The conductivity of AgCl is 3 x 10"* mho/cm. 

It is noteworthy that the potentials do not vary irre¬ 
spective of whether a thin bent sheet of rolled AgCl or a 
glass tube filled with cooled molten AgCl is used. 
Therefore, the question of creep of KCl through capil¬ 
lary crack or glass tube will not arise. Solid AgCl bridge 
cannot, tjterefore, be considered as an equitransferent 
bridge like KCl.’ 

The activity of zinc chloride electrolyte was deter¬ 
mined by measuring the potential of the cell without 
liquid junction between the Zn electrode and a Ag/AgCl 
electrode in ZnCl 2 solution, i.e. the cell Zn/ZnCl 2 (m)/ 
AgCl/Ag. ^ 

The activity of the chloride ion was obtained by 
measuring the potential of chloride-ion-responsive, elec¬ 
trode in the respective zinc chloride solutions against 
the Ag/AgCl reference electrode of fixed potential of 
0.199 V (ref. 18), i.e., the potential of the cell 

Ag/AgC 1, KC1 (satd)/Bridge/ZnC 1 2 (m), AgC 1 !kg. 

AgCl has high ohmic resistance; and it is, therefore, 
necessary to use a voltage-measuring instrument of very 
high input impedence for handling singals from high- 
resistance sources, with negligible IR drop. The instru¬ 
ment used for this study was ORION expandable ion 
analyser, model no. EA 940, from ORION Research 
Inc., USA. 

It is more convenient to measure the difference in po¬ 
tentials between the various ZnCU solutions as the im- 
pedences of the two solutions are closer. The experi¬ 
ments carried out for this purpose involve measurement 
of potentials of the following cells: 


1. Ag/AgCl, ZnCl 2 0.1 m/bridge/ZnCbO.Ol m, AgCl, Ag. 

2. Ag/AgCl, ZnChO.l m/bridge/ZnCl 2 0.001 m, AgCl, Ag. 

The AgCl-based bridge is best described as a solid- 
state ion conductor. If the current in the picoampere 
range is carried entirely by Ag*^ ions, the schematic will 
be as in Figure 1 a, which is in keeping with the normal 
assumption that Ag"" ion is the migrant ion in solid 
AgCT^’^°. If chloride is to be considered, the reaction 
schematic can be visualized as in Figure I b. In any case 
both the schemes are equivalent. The actual studies on the 
electromigration of ions is beyond the scope of this paper. 
But the fact remains that without liquid junction the 
bridge is able to establish contact between the reference 
and the test solutions. Further, the instrument used for 



Ag + cr AgCl + e" 
(Probe) 

AgCl-Ag^+Cl- 

(Bridge) 


e“ + AgCI Ag + Cr 
(Probe) 

Ag^ + Cr -AgCl(Solid) 
(Bridge) 



cr + Ag AgCl + e‘ 
(Probe) 


e* + AgCl Ag + cr 
(Probe) 


Figure 1. Schematic for: a, silver ion transmission; b, chloride ion 
transmission. 
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Table 1. Activities of ions in ZnCh solutions with related data at 25°C 


Description Symbol Data Remarks 


Molality 

m 

0.1 

0.01 

0.001 


Activity coefficient 

Chloride ion 

rci- 

0.709 

0.841 

0.938 


Potentials (V) 

Zn/ZnCb/AgCl/Ag 

e\ 

1.082 

1.157 

1.237 

Observed values 

Ag/AgCl, KCI(satd)/ZnCl 2 , AgCI/Ag 

ei 

0.0915 

0.1463 

0.2024 

Observed values 

Ag/AgCl, Cr electrode 

Activities 

63 

0.2905 

0.3453 

0.4014 

[52 + 0.1990] 

Observed 

^ci- 

0.0706 

0.00847 

0.00096 

(0.2224-e,) 

antilog - — 

0.05916 

Calculated 

^Cl- 

0.0709 

0.00841 

0.00094 

my. 

By textbook method 


0.1418 

0.01682 

0.00188 

2my. 

Calculated 

^Zn2+ 

0.0998 

0.0207 

0.0033 

\ 

‘^'ZnCl/^Cl- 

Observed 


0.0998 

0.0212 

0.0032 

ref. 14 

By textbook method 

«Zn2+ 

0.0252 

0.005 

0.00077 

‘^ZnCl/^CI- 


^Ag/AfiCi, KCl(satd) = 0.199 V; = <^-2224 V. 


measuring the potentials has an input impedence of 
10^^ n. Being a solid-state device and the mechanism 
clearly a Grotthuss type of conduction of the ion inside 
the bridge, the requirement that the transference number 
of conducting ion should be unity will not arise. 

A membrane potential cannot be associated with 
AgCl, as it can by no means function as a membrane. 
AgCl, being ionized in the solid state, will not permit 
absorption of either negative or positive ions. 

Table 1 presents the potentials measured to calculate 
the activity of the electrolyte and the chloride ion. 

For the cell Zn/ZnCl 2 (m)/AgCl/Ag, the reactions are: 

ZnZn^* + 2e- ( 1 ) 

2AgC 1 + 2e' - 2Ag + 2C r (2) 

Zn + 2AgCl -* Zn^* + 2Cr + 2Ag 


Following the lUPAC convention, the cell potential ei 
is given by 

^1 ^Ag/AgCl ~ 2F) In ]. (3) 

The electrolyte activity for different concentrations 
calculated from the ei values are given in Table 2. The 
activity values are in close agreement with those re¬ 
ported earlier^*”^^. 

For measuring the chloride ion activity, a liquid- 
junction free solid ion transmitter was used to bridge the 
reference half cell and the half cell comprising the test 
solutions. The cell set-up used was: 

Ag/AgCl, KCl(satd)/bridge/ZnCl 2 (m), AgCl/Ag. 

As the liquid junction potential is zero, following 
lUPAC convention, the potential 62 of the cell is given by 


^2 = ^Ag/Agci + F) In (1 / . 

If we denote, E 2 + as 63 , 
acr = antilog [(0.2224 - ^3)70.05916]. 

Equation (3) can be split as 
Ei = </AgCi HRTI2F) In 1/a^,.), (4) 

£i=>EWi-(^^^2F)lna^,-, (5) 

^2 = + (RT /2F) In . (6) ' 

In a completely dissociated strong electrolyte system 
like MA 2 , e.g. ZnCl 2 , there is an inherent asymmetry 
arising out of the charge factor, the cation being doubly 
charged and the anion being singly charged. It is this 
asymmetry that is reflected in the Nernst equation ap¬ 
propriate to the anion, which can reflect only the activity 
of each dissociating fragment. In terms of the electrolyte 
molality m, the molality of cation is m and that of the 
anion will be 2m, Then the question arises as to whether 
which of these two factors ‘charge’ or ‘total molality’ is 
relevant to arrive at the ionic activity. If the charge fac¬ 
tor is ignored in Cl“ion, the activity of the chloride ion 
will be Imy^ and will contribute a term in the 

expression for the activity of the electrolyte. On the 
other hand, if charge is the factor to be reckoned with, 
the chloride ion will contribute only term to the 

expression, for the activity of the electrolyte. 

Table 2. Activities of ZnCh electrolyte 

Concentration (m) 0.1 0.01 0.001 

Activity 5.017 x lO’'^ 1.462 x lO"*^ 2.89 x 10"'^ 

CURRENT SCIENCE, VOL. 69, NO. 6, 25 SEPTEMBER 1995 


532 



RESEARCH COMMUNICATIONS 


Table 3. Difference in potential measured against reference solutions at 25°C 


Description 

Symbol 

Data 

Remarks 

Molality 

m 

0.01 

0.001 

Cell potential (V) 

Ag/AgCl, ZnCL, 0.1/ZnCl2(m), AgCl/Ag 


0.055 

0.111 

Ag/AgCl, Cr electrode 

es 

0.3451 

0.4011 £4 + 0.2901 


Table 4. Calculation of electrolyte activity 


Currently used method 

New method proposed 

^J^ZiiCb = <3zn2+ X ac\- X ac\- 

aznci2 = ^Zn2+ X Ocr X flcr 

= my+ X 2my. x 2my- 

= 4my+ X my. x my. 

= 4m^ 

II 

H- 


Clearly, the current definition of activity of an ion as a 
product of its concentration m and the activity coeffi¬ 
cient needs to be revised as the experiments show that 
the activity is the same as the effective ionic strength 
defined as {Zfm)y -^ (ref. 15), where Z\ is the valency of 
the ion. 

Table 3 represents the difference in potentials between 
the chloride-ion-responsive probes in different ZnCl 2 
solutions. Ag/AgCl, ZnClaCO.l) has been used as refer- > 
ence solution with an electrode potential of 0.2901 V 
(ref. 15). These results confirm the activity of the chlo¬ 
ride ion obtained using Ag/AgCl electrode in saturated 
KCl as the reference electrode shown in Table 1. 

The activity of the zinc ion in ZnCl 2 solution can be 
obtained from the activity of the electrolyte and activity 
of chloride ions, i.e. 

““ ^ZnClz ^ ‘ 

This is found to be in close agreement with our earlier 
measurement^^ of activity of zinc ion using solid ion 
transmitter bridge. In the case of zinc ion in ZnCl 2 so¬ 
lutions, the charge factor assumes greater importance, 
and, if activity is treated as the product of the ionic 
strength of the zinc ion and its activity coefficient, the 
expected value for the zinc ion will be Amy+. The results 
of measurements of zinc ion activity using solid ion 
transmitter is in agreement with the value of 4m 7 +. 

The activity of the electrolyte calculated using the 
current definition to activity of ion and the new defini¬ 
tion proposed leads to < 3 r 2 nci 2 =4m^7|. This is just an 
accidental coincidence and would not be the case with 
all electrolytes. 

Batesin his recent review on single-ion activities 
covering a period of 75 years has concluded that indi¬ 
vidual ion activities are not amenable to thermodynamic 


measurements. However, in this paper we have shown 
that liquid junction potentials can be eliminated, thus 
paving the way for thermodynamic analysis of single-ion 
activity, overcoming the impasse highlighted by 
Harned^. 
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Fall of liquid drops through a viscous 
medium: A fresh expression for drag 
force by the method of dimensions 

G. J. Srinivasan and P. Satyanarayana 

Forensic Sciences Department, Mylapore, Madras 600 004, India 

An attempt has been made afresh by the method of 
dimensions to get a fresh expression for the drag 
force F arising from the motion of a liquid drop not 
exhibiting oscillation through a viscous medium, 
assuming that the drag force F is a function of D, u, 
cr, 7] and p alone (D, diameter of the drop; «, 
terminal velocity acquired by the drop; cr, density of 
the liquid in the column; rj, viscosity of the column 
liquid; p, density of the liquid drop). This paper also 
relates to the experimental verification of the fresh 
drag force expression obtained in the case of a liquid 
drop with fairly high Reynolds number (20-305), 
Eotvos number (2x10“^ to 105 x 10"^) and Morton 
number (4.75x10"^^ to 3.75x10"^) falling without 
oscillation through an immiscible liquid medium. 
Furthermore, the experimental value of the constant 
in the fresh drag force expression presented in this 
paper is found to be 3.6094. 

Several authors have conducted studies on the fall of 
solid spheresand liquid drops^^^ through a viscous 


medium. So far, to the authors’ knowledge, none has 
dealt with the problem of fall of liquid drops with only 
six variables, F, D, u, cr, 77 , p, in the dimensional 
analysis of drag force F. Therefore, an attempt has been 
made afresh to get a fresh expression for the drag force 
when the drops fall freely without oscillation with these 
six variables by dimensional analysis. Furthermore, an 
attempt has also been made with falling drops of fairly 
high Reynolds, Eotvos and Morton numbers to 
determine the value which the fresh drag force 
expression presented in this paper predicts for the 
constant K by experiment. 

In general, there are at least six dimensionless groups 
that govern the motion of a drop, namely, n\ = F/D^u^a, 
7 t2 = 7 ]/auD, Tts = p/a, = 77 / 770 , 71:5 = y/Du^a, = 
u^/gD, where 7 is the interfacial tension, D is the 
equivalent diameter of the drop and g is the acceleration 
due to gravity. 770 is the viscosity of the drop. In general, 
the shape of the drops need not be spherical. The 
experimental work shows that for sufficiently small 
drops which appear to be ellipsoidal in shape over the 
range of Reynolds number Re = 20-305 {Re = ouD/t]), 
Eotvos number Et~2x 10~^-105xl0"^ {Et = g(p - 
a)D^ly), and Morton number Mo = 4.75 x 10"^^ to 
3.75 X 10’^ {Mo^grfip- a)lcP''^) the following simpli¬ 
fication holds good: 

7ti) = K{K2, (1) 



Figure 1. Plot of data given in Table 3. 
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Table 1. The systems and their density, ratio of density, viscosity, interfacial tension and ratio of radius to terminal velocity values 


Liquid drop 

Column 

liquid 

p 

(kgm-^) 

G 

(kg m'^) 

p-a 
(kg m-^) 

piG 

Column 

liquid 

7 ] (N s m"^) 
viscosity 

Interfacial 

tension y 
(xlO-^ 

N m-‘) 

r/u 

(s) 

Eugenol 

Water 

1072.81 

1000.00 

72.81 

1.07281 

0.00100 

12.82 

0.0235 

Chlorobenzene 

Water 

1097.99 

1000.00 

97.99 

1.09799 

0.00100 

46.03 

0.0195 

Benzoyl benzoate 

Water 

1112.97 

1000.00 

112.97 

1.11297 

0.00100 

34.59 

0.0178 

1-2-Dichloroethane 

Water 

1242.91 

1000.00 

242.91 

1.24291 

0.00100 

31.78 

0.0111 

1 --2-Dichlorobenzene 

Water 

1291.54 

1000.00 

291.54 

1.29154 

0.00100 

84.77 

0.0100 

Trichloroethylene 

Water 

1444 05 

1000.00 

444.05 

1.44405 

0.00100 

43.42 

0.0077 

Chloroform 

Water 

1477.40 

1000.00 

477.40 

1.47740 

0.00100 

41.70 

0.0073 

Bromobenzene 

Water 

1492.21 

1000.00 

492.21 

1.49221 

0.00100 

70.20 

0.0071 

Carbon tetrachloride 

Water 

1579.63 

1000.00 

579.63 

1.57963 

0.00100 

39.06 

0.0065 

Nitrobenzene 

Water 

1193.92 

1000.00 

193.92 

1.19392 

0.00100 

46.01 

0.0125 

Carbon disulphide 

Water 

1251.70 

1000.00 

251.70 

1.25170 

0.00100 

31.36 

0.0107 

Dichloromethane 

Water 

1314.32 

1000.00 

314.32 

1.31432 

0.00100 

36.71 

0.0094 

Water 

Kerosene 

1000.00 

797.34 

202.66 

1.25417 

0.00129 

43.78 

0.0125 

Alcohol 

Kerosene 

818.89 

797.34 

21.55 

1.02703 

0.00129 

1.35 

0.0522 

Trifluoroethanol 

Kerosene 

1380.57 

797.34 

583.23 

1.73147 

0.00129 

8.32 

0.0069 

Ethylene glycol 

Kerosene 

1100.01 

797.34 

302.67 

1.37960 

0.00129 

18.30 

0.0099 

Dimethylformamide 

Hexane 

947.15 

665.37 

281.78 

1.42349 

0.00032 

4.69 

0.0061 

Acetonitrile 

Hexane 

778.26 

665.37 

112.89 

1.16966 

0.00032 

5.36 

0.0105 

Ethylene glycol 

Hexane 

1100.01 

665.37 

434.64 

1.65323 

0.00032 

25.55 

0.0048 

V/ater 

Hexane 

1000.00 

665.37 

334.63 

1.50292 

0.00032- 

17.44 

0.0056 

Water 

Xylene 

1000.00 

857.95 

142.05 

1.16557 

0.00060 

12.48 

0.0123 


r = radius of the liquid drop; w = terminal velocity of the drop; p = relative density of the liquid drop; a - relative density of the liquid in the 
column; 77 = viscosity of the liquid in the column; 7 = interfacial tension between the liquid drop and the liquid in the column. 


where K is a constant and 7 t2 is the reciprocal of the 
Reynolds number Re and Ky=plG, the ratio of the 
densities. Subsituting the values of K\, K 2 , and % in 
eq. (1), the expression for drag force is 

F = KD^u^a{r]l(juDf'\pla)^''^, 
or 

( 2 ) 

Since at the terminal velocity 


F = 47cr^(p - cT)g/3 , (3) 

where r is the radius of the drop and is equal to Dfl, we 
get the constant K as 


K = ^2ng(rlitf^ (p - cr) /3 

(4) 

or the terminal velocity u as 


u = (InYAp - af/9riK^pf\ 

(5) 

Rewriting eq. (4), we get 


ip - aWlnV^] = 3/^^/27tg, 

(6) 

i.e. ■^2%gS/3K= 1, 

(7) 


where 

S=[{rluf\p-amn"^p"\ ( 8 ) 

Equation (8) is of vital importance, in the sense that it 
can be used to determine the density (p) of liquids 
available in microquantities when the conventional 
methods fail. S has been found to be approximately a 
constant for all systems (see Table 3), the mean value of 
which is 0.248319 m“^ s^. 

Equation (8) may be written as a quadratic equation 
which gives the value for p as 

p= {2cr+A+[A(A + 4cT)]‘^V2, (9) 

where 

X = S\l{rlu)\ (10) 

Equation (9) may be employed to determine the density 
of liquids available in microquantities. 

A graduated cylinder (diameter 5 cm) filled with the 
experimental liquid was used. Liquid drops of known 
volume were gently injected into the liquid column 
using a graduated Hamilton precision microsyringe. The 
drops and the liquid were immiscible. The terminal 
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Table 2. Experimental data for liquid drop pairs 


Liquid drop pair 


( 1 ) 


1-2-Dichlorobenzene in water 
Morton no. = 4.7403 x 10"*^ 

1-2-Dichloroethane in water 
Morton no. = 7.4139 10'^* 

Water in kerosene 
Morton no. = 1.0307 x 10"'® 

Ethylene glycol in kerosene 
Morton no. = 2.1089 x 10"^ 

Dimethylformamide in 
hexane 

Morton no. = 6.3348 x 10“^° 
Acetonitrile in hexane 
Morton no. = 1.6974 x lO"^^ 

Water in xylene 
Morton no. = 1.2613 x 10~‘° 


ne y 

Radius r of 

Distance S 

Time ^ 

Observed 

rlu 

Reynolds 

Eotvos 

drop 

the drop 

travelled 

taken (s) 

terminal 

(S) 

number 

number 

) 

(10-“ m) 

(10-^ m) 


velocity a 
(I0-^ms-‘) 


(xlO-^) 

0.5 

4.9237 

80 

16.4 

4.8780 

0.0101 

48.04 

3.280 

1.0 

6.2035 

50 

8.1 

6.1728 

0.0100 

76.59 

5.207 

2.0 

7.8159 

50 

6.4 

7.8125 

0.0100 

122.12 

8.265 

0.5 

4.9237 

40 

9.1 

4.3956 

0.0112 

43.29 

7.263 

1.0 

6.2035 

40 

1.1 

5.5556 

0.0112 

68.93 

11.529 

2.0 

7.8159 

40 

5.7 

7.0175 

0.0111 

109.70 

18.301 

0.5 

4.9237 

40 

10.2 

3.9216 

0.0126 

23.87 

4.399 

1.0 

6.2035 

40 

8.1 

4.9383 

0.0126 

37.87 

6.983 

2.0 

7.8159 

40 

6.4 

6.2500 

0.0125 

60.39 

11.084 

0.5 

4.9237 

40 

8.0 

5.0000 

0.0098 

30.43 

15.779 

1.0 

6.2035 

40 

6.4 

6.2500 

0.0099 

47,93 

24.953 

2.0 

7.8159 

40 

5.1 

7.8431 

0.0100 

75.78 

39.610 

0.2 

3.6278 

40 

6.8 

5.8824 

0.0062 

88.74 

30.988 

0.3 

4.1528 

40 

5.8 

6.8966 

0.0060 

119.10 

40.606 

0.4 

4.5708 

40 

5.3 

7.5472 

0.0061 

143.46 

49.191 

0.2 

3.6278 

40 

11.5 

3.4783 

0.^0104 

52.47 

10.857 

0.3 

4.1528 

40 

10.1 

3.9604 

0.0105 

68.39 

14.227 

0.4 

4.5708 

40 

9.2 

4.3478 

0.0105 

82.64 

17.235 

0.5 

4.9237 

40 

10.0 

4.0000 

0.0123 

56.32 

10.818 

1.0 

6.2035 

40 

7.9 

5.0633 

0.0123 

89.83 

17.172 

2.0 

7.8159 

40 

6.3 

6.3492 

0.0123 

141.92 

27.259 


Table 3. The value of 

and p‘'V(p - 

a) and the constant K obtained by using eq. (6) 


Liquid drop 

Column liquid 


p''V(p-(T) 

5^ 

K* 

Eugenol 

Water 

0.11392 

0.44985 

0.253239 

3.6754 

Chlorobenzene 

Water 

0.08611 

0.33816 

0.254644 

3.6958 

Benzoyl benzoate 

Water 

0.07510 

0.29531 

0.254302 ■ 

3.6908 

1-2-DichIoroethane 

Water 

0.03698 

0.14514 

0.254806 

3.6981 

1-2-Dichlorobenzene 

Water 

0.03162 

0.12327 

0.256533 

3.1232 

Trichloroethylene 

Water 

0.02137 

0.08558 

0.249676 

3.mi 

Chloroform 

Water 

0.01972 

0.08051 

0.244972 

3.5554 

Bromobenzene 

Water 

0.01892 

0.07848 

0.241058 

3.4986 

Carbon tetrachloride 

Water 

0.01657 

0.06857 

0.241681 

3.5076 

Nitrobenzene 

Water 

0.04419 

0.17818 

0.247730 

3.5997 

Carbon disulphide 

Water 

0.03500 

0.14056 

0.249707 

3.6139 

Dichloromethane 

Water 

0.02882 

0.11534 

0.248279 

3.6265 

Water 

Kerosene 

0.03891 

0.15604 

0.250319 

3.6192 

Alcohol 

Kerosene 

0.33206 

1.32790 

0.249674 

3.6292 

Trifluoroethanol 

Kerosene 

0.01582 

0.06371 

0.248203 

3.6039 

Ethylene glycol 

Kerosene 

0.02743 

0.10958 

0.249257 

3,6324 

Dimethylformamide 

Hexane 

0.02663 

0.10922 

0.241214 

3.5391 

Acetonitrile 

Hexane 

0.06015 

0.24712 

0.242377 

3.5324 

Ethylene glycol 

Hexane 

0.01859 

0.07631 

0.242101 

3.5358 

Water 

Hexane 

0.02343 

0.09450 

0.244846 

3.5978 

Water 

Xylene 

0.05569 

0.22262 

0.250073 

3.6307 

*The constant of eq. (6) 
of eq. (8) 



Mean 

0.248319 

3.6109 
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velocity u was determined by noting the time of transit t 
required by the liquid drop of radius r to cover a 
distance S' betweert two graduations on the column. The 
drops studied here while falling are ellipsoidal in shape. 
If V is the volume of the drop of equivalent radius^ r, 
then r = {3 W47t)''l 

The densities of the liquids were determined 
accurately by the specific gravity bottle method (Table 
1). Viscosity values were determined by using the 
Ostwald viscometer (Table 1) and interfacial tension 
values have been determined by the method of drops 
(Table 1). 

Twenty-one liquid systems were studied (Table 1). 
Only seven liquid drop pairs having three data points 
each are presented to show that r/u is approximately 
constant (Table 2). The other fourteen liquid drop pairs 
for which experimental results have been obtained 
satisfy the same. The right-hand side of eq. (6) is a 
constant. A graph is drawn with along 

the Jf-axis and o) on the T-axis (Figure 1). The 

slope of the line in the graph gives the value of 
^2ng/3K, 

Substituting the experimental value (0.248319) 
obtained by eq. (8) (Table 3) on the left-hand side of 
eq. (6), the value of K can be determined. The value of 
K thus determined (Table 3) is 3.6109, and that 
determined from the graph (Figure 1) is 3.6079, 
the mean being 3.6094. Therefore, for the motion of a 
liquid drop falling freely and vertically, and not 
exhibiting oscillation, through an immiscible liquid 
medium of fairly high Reynolds, Eotvos and Morton 
numbers, eq.(2) is the fresh drag force expression, in 
which the experimental mean value of the constant K is 
3.6094. 

Equation (5) with K= 3.6094 may be used to predict 
the terminal velocity of the drop falling without 
oscillation. Using eq. (8) (with mean experimental value 
0.248319, Table 3), if the terminal velocity and radius 
are known, one can determine the density of a micro¬ 
quantity liquid drop for which the density cannot be 
determined by the capillary tube method (where 
weighing is a problem) or by any. other conventional 
methods. 


1. Acheson, D. J., Elementary Fluid Dynamics, Clarendon Press, 
Oxford, 1990, pp. 226. 


2. Batchelor, G. K., An Introduction to Fluid Dynamics, American 
Book Company, New York, 1967, pp. 75-101. 

3. Kay, J. M. and Nedderman, R. M., Fluid Mechanics and 
Transfer Processes, University Press, Cambridge, 1985, 
pp. 144. 

4. Massey, B. S., Mechanics of Fluids, Van Nostrand Reinhold, 
° London, 1989, pp. 261. 

5. Smith, C. J., Intermediate Physics, Arnold, London, 1959, pp. 
137. 

6 . Allen, H. S., Phil Mag., 1900, 5, 323-333, 519-533. 

7. Clift, R., Grace, J. R. and Weber, M. E., Bubbles, Drops and 
Particles, Academic Press, New York, 1978. 

8 . Davis, R. E. and Acrivos, A., Chem. Engg. Sci., 1966, 21, 681- 
685. 

9. Edge, R. M. and Grant, C. D., Chem Engg. Sci., 1972, 27, 
1709-1721. 

10. Elzinga, Jr, E. R. and Banchero, J. T., AICHE J., 1961, 7, 394- 
399. 

11. Garner, F. H. and Skelland, A. H. P., Chem. Engg. Sci., 1955, 4, 
149-158. 

12. Gibbons, J. H., Houghton, G. and Coull, J., AICHE J., 1962, 8 , 
274-276. 

13. Grace, J. R., Wairegi, T. and Nguyen, T. H., Trans. Inst. Chem. 
Eng., 1976, 54, 167-173. 

14. Griffith, R. M., Chem. Engg. Sci., 1962, 17, 1057-1070. 

15. Harmathy,T. Z.,^/C//£'y., 1960,6,281-288. 

16. Hendrix, C. D., Dave, S. B. and Johnson, H. F., AICHE J., 1967, 
13,1072-1077. 

17. Hu, S. and Kinter, R. C., AICHE J., 1955, 1, 42-48. 

18. Johnson, A. I. and Braida, L., Can. J. Chem. Engg., 1957, 35, 
165-172. 

19. Kintner, R. C., Advances in Chemical Engineering, Academic 
Press, New York, 1963, pp. 51-94. 

20. Klee, A. J. and Treybal, R. E., AICHE J., 1956, 2, 444-447. 

21. Krishna, P. M., Venkateswarlu, D. and Narasimhamurty, G. S. 
R., Chem. Engg. Data, 1959, 4, 336-343. 

22. Licht, W. and Narasimhamurty, G. S. R., AICHE J., 1955, 1, 
366-373. 

23. Mendelson, H.D., AICHE J., 1967, 13, 250-253. 

24. Raymond, D. R. and Zieminskei, S. A., AICHE J., 1971, 17, 57- 
65. 

25. Skelland, A. H. P. and Caenepeel, C. L., AICHE J., 1972, 18, 
1154-1163. 

26. Thorsen, G., Stordalen, R. M. and Terjesen, S. G., Chem. Engg. 
Sci., 1968,23,413-426. 

27. Wellek, R. M., Agarwal, A. K. and Skelland, A. H. P., AICHE 
J., 1966, 12, 854-862. 

28. Winnikow, S. and Chao, B. T., Phys. Fluids, 1966, 9, 50-61. 

29. Yeheskel, J. and Kehat, E., Chem. Engg. Sci., 1971, 26, 1223- 
1233. 

30. Zabel, T., Hanson, C. and Ingham, J., Trans. Inst. Chem. Eng., 
1973, 51, 162-164. 


Received 9 December 1994; revised accepted 19 July 1995 


CURRENT SCIENCE, VOL. 69, NO. 6, 25 SEPTEMBER 1995 


537 




RESEARCH COMMUNICATIONS 


Antibody response to a potentially 
protective antigen in human filariasis 

Madhusmita Bal and Manoj K. Das 

Parasite Immunology Division, Regional Medical Research Centre 
(ICMR), Nandan Kanan Road, Bhubaneswar 751 016, India 

Antibody isotype (IgG and IgM) levels to a high 
molecular weight antigen (1.56 x lO^kDa) isolated 
from water-insoluble components of Setaria digitata 
were determined to be highly elevated in 
microfilariae-negative individuals of a Wuchereria 
bancroftl endemic area of Orissa, India. The highest 
IgM response was found in endemic normals. The 
prevalence of antibodies was minimum in 
microfilaraemic group and maximum in endemic 
normals of the population. 

Lymphatic filariasis is one of the most prevalent 
parasitic diseases, estimated to have infected 78 million 
people globally. In India alone about 45 million people 
are infected primarily by Wuchereria bancroftl. It is a 
chronic debilitating disease of humans initiated by 
infective bites of mosquitoes Culex quinquefasciatus. 

Much attention has been focused recently on the 
concept of protective immunity in fllariasis^’^ Various 
models of animal filariasis indicate that protective 
responses can be induced by exposure to live or 
irradiated parasites'*-^. However, very little is known 
about protective immunity in human filariasis and there 
is no direct evidence that such immunity exists in 
humans. On the other hand, epidemiological studies 
indicate that age-related microfilarial rates increase and 
then decrease in older-age classes of endemic 
population^. A proportion of adult residents remain 
amicrofilaraemic despite intensive exposure to infective 
larvae (L 3 ) of filarial parasites. Such disease-free adult 
residents (endemic normals) are believed to have 
developed protective immunity to filarial infection. It is 
presumed that host protective immunity might; be 
effective against the acquisition of (new) infection. 
Identification of antigens associated with the resistance 
to infection under natural conditions will be of great 
importance in deciphering the complex mechanism of 
filarial protective immunity. In the present report we 
describe a high molecular weight antigen of Setaria 
digitata which stimulates increased antibody responses 
only in amicrofilaraemic individuals. Moreover, the IgM 
response to this antigen is considerably elevated, 
especially in endemic normals compared to infected 
individuals. 

The study population is from Wuchereria bancrofti 
infected village, Baniatangi (Khurda district, Orissa), 
about 45 km away from Bhubaneswar, Orissa! 
Individuals were classified into different clinical groups, 
namely asymptomatic microfilaraemics (AS), filariasis 

^38 


with chronic pathology elephantiasis and/or hydrocele 
(CP) and endemic normals (EN) as described earlier^ In 
a random survey of 318 people (age 3-75 years) in the 
village, AS and CP patients constituted 15.09 and 
13.20% of the population, respectively. No attempt was 
made to include individuals with acute filarial symptoms 
(adenolymphangitis). Disease-free microfilariae (MF) 
negative adults (S 18 years, 21.83%) were regarded as 
endemic normals of the region. 

Setaria digitata adults were collected from cattle in 
the local slaughterhouse. Aqueous-insoluble materials 
were obtained as a pellet by centrifuging the extracts of 
worms following homogenization and sonication in 
saline. The pellet was solubilized in the detergent NP-40 
(0.5% NP-40 in 0.01 M Tris-HCl, pH 8.0) by keeping 
for 2 h at 25 °C with occasional shaking. The extract was 
centrifuged again and ammonium sulphate (50%) was 
added to the supernatant, which was kept at 4°C 
overnight. The precipitate collected after centrifugation 
was dissolved in water and was dialysed against 
phosphate-buffered saline PBS (0.01 M phosphate, 
0.15 M NaCl, pH 7.2). The dialysed material upon 
Sephadex G-200 column chromatography resolved into 
a major peak (designated as DSSdi) with a molecular 
mass of 1.56 x lO^kDa, eluted after the void volume, 
followed by a minor peak. 

Pooled sera were made by adding equal volumes of 
serum from individuals (n = 40 in each category) 
belonging to different categories of bancroftian 
filariasis. A control serum pool was also prepared from 
20 residents of a nonfilarial region (Koraput district) of 
Orissa and was used as a nonendemic (NEN) sample. 
Levels of serum antibody to DSSd] were measured by 
ELISA using 96-well polysterene plates. The wells were 
coated by incubation at 37°C (5 h) and then 4°C 
(overnight) with antigen (3 pg/ml) in bicarbonate buffer 
(pH 9.6). Next, the wells were blocked with 0 . 4 % 
bovine serum albumin (BSA) at 37°C (1 h), then 
incubated (3 h) with diluted serum samples in Tween-20 
(0.1% in phosphate buffer saline (PBS)). Final 
incubations were performed for 1 h at 37°C and 4°C 
(overnight) with peroxidase-conjugated rabbit anti¬ 
human IgG or IgM (Dakopatts) diluted to 1:1000 in 
0.1% Tween-20, followed by colour development using 
orthophenylenediamine substrate. Absorbance was read 
at 492 nm using an ELISA plate reader (Bio-Rad). 

Figure 1 depicts the antibody levels to DSSdj in different 
dilutions of pooled sera. It can be seen clearly that AS 
serum among the filarial groups exhibited the lowest 
antibody response. Both EN and CP sera had high antibody 
levels. IgM levels were highest in EN serum, while CP 
serum had highest levels of IgG. Antibodies in control NEN 
serum were found to be negligible at 1:400 dilution. IgM 
and IgG levels of individual sera were determined (Figure 
2). The mean antibody values and the extent of sero- 
positivity (prevalence) are shown in Table 1 and Figure 3. 
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Figure 1. IgM and IgG antibody levels to DSSdi in pooled filarial 
sera: chronic filariasis (•); asymptomatic microfilaraemic carriers 
(o); endemic normals (□) and nonendemic normals (A). 


The prevalence of DSSdpspecific antibodies in 
filarial groups was evaluated (Figure 3); IgG and IgM 
prevalence in AS group is low; only 27.5 and 10%, 
respectively. The prevalence of these two isotypes in EN 
is 75 and 85% and in CP 100 and 32%, respectively. All 
individuals in CP are IgG-positive but only 32% of CP 
patients have IgM antibodies. EN as a group have the 
highest of prevalence for both isotypes. 

An interesting approach to study the protective 
immunity is to analyse the immune response of endemic 
normal (‘immune’) individuals vis-a-vis infected 
persons. Endemic normals can be assumed as putatively 
immune since they fail to acquire a detectable parasite 
burden (MF load and/or filarial symptoms). Such an 
approach has led to the identification of a 43 kDa larval 
antigen that is recognized only by endemic normals of a 


0.3 



0.2 



0.1 


EN 





« « •« 
• • • • 

•»• 

— ^ — 

CP 


Figure 2. IgG and IgM levels to DSSdi antigens in filarial sera. The 
horizontal bar indicates the mean values. 
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Table 1 . ELISA analysis ot DSSDi-specific antibody response. Each sample {n = 40 in each filarial group) was tested in triplicate (at 1:400 dilution) 

__^_IgG 


Group 

OD 492 
(range) 

Percentage 
positive (+ n) 

OD 492 
(range) 

Percentage 
positive (+ n) 

Endemic normals 

0.16 ±0.08* 

85 (34) 

0.25 + 0.16* 

75(30) 


(0.03-0.41) 


(0.07-0.51) 


Asymptomatic microfilaraemic 

0.06 ± 0.03 

10(4) 

0 . 12 ± 0.10 

27.5(11) 


(0.01-0.14) 


(0.01-0.38) 


Chronic filariasis 

0.09 ± 0.06** 

32.5(13) 

0.28 ± 0.14* 

100(400) 


(0.01-0.27) 


(0.12-0.58) 


Nonendemic normals 

0.03 ± 0.03 

0 

0.04 ± 0.02 

0 


(0-0.07) 


(0.02-0.09) 


'P < 0.01 compared to asymptomatic microfilaraemics. 


< 0.01 compared to endemic normal. 



Figure 3. The prevalence of antibodies to DSSdi in filarial endemic 
region. Isotypic seropositivity was calculated at 1:400 dilution with 
respect to nonendemic normals (> mean + 3 SD; «=20). The number 
of sera in each filarial group was 40. 

filarial endemic region^. Similarly, in schistosomiasis, 
infection-free individuals have higher levels of anti¬ 
bodies to paramyosin than the infected persons^. 
Interestingly, paramyosin has also been shown as a 
protective antigen in B. malayi infected animals^®’^^ 
Several other filarial antigens with protective potential 
have been identified and characterizedbut studies 
on human immune responses are limited. 

Two notable findings of the present report are: (1) the 
depressed antibody responses to DSSdi in micro- 
filaraemic carriers AS group and (2) the elevated anti¬ 
body response in EN, even higher than in the CP group. 
This is also reflected in antibody prevalence, which was 
found to be low in AS, rising to higher values in 
amicrofilaraemics EN and CP groups. These observa¬ 


tions become more marked in comparison to NEN 
individuals (Figure 1) and suggest that the antibody 
response that was measured here is specific to filarial 
infection. The antigen DSSdi was isolated from the 
aqueous-insoluble materials of filarial parasite which are 
normally discarded. In this sense this antigen might 
constitute an hitherto undetected novel target. 

The presence of increased antibody levels in 
amicrofilaraemic individuals gives rise to the possibility 
that DSSdi antigen could be a target of antimicrofilarial 
immunity in the course of natural infection. 
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Visual demonstration of in vivo acid 
phosphatase activity of VA 
mycorrhizal fungi 

J. C. Tarafdar 

Central Arid Zone Research Institute, Jodhpur 342 003, India 

For nondestructive and visual demonstration of the 
release of acid phosphatase by vesicular-arbuscular 
(VA) mycorrhizal fungi, filter papers treated with a 
mixture of l-naphthyl phosphate as substrate and 
the diazonium salt Fast Red TR as an indicator were 
used. Wheat {Triticum aestivum L.) was grown for 6 
weeks in sterilized soils in specially designed pots 
with five compartments with or without hyphal and 
root barriers. Plants were inoculated with Glomus 
mosseae (Nicol & Gerd) Gerd & Trappe and the 
treated filter paper was placed at the outer surface 
of the hyphal compartment. Acid phosphatase activ¬ 
ity was visualized as a red-coloured ‘hyphal print’ on 
the filter paper. 

Phosphatase activity in the rhizosphere may originate 
from the plant roots\ from fungi such as Aspergillus , 
ectomycorrhizas^ or from bacteria^. Vesicular- 
arbuscular (VA) mycorrhizas are widespread in soils, 
and their beneficial effect on plant growth in P-deficient 
soils is attributed to uptake and translocation of P by 
external hyphae^*. VA mycorrhizal storage of polyphos¬ 
phates in the hyphae has also been reviewed^. Our recent 
study indicated^ the production of phosphatase by exter¬ 
nal hyphae. Here a nondestructive method for the visu¬ 
alization of acid phosphatase activity by VA myco¬ 
rrhizal fungal hyphae is described. 

A special Plexiglass pot (Figure 1) comprising of five 
compartments, a central one for root growth, two adja¬ 
cent compartments separated from the central compart¬ 
ment by a nylon net of 30 |im mesh size, for growth of 
VA mycorrhizal hyphae (hyphal compartments), and two 
other compartments, separated by a 0.45 pm membrane, 
through which neither roots nor hyphae could penetrate, 
has been described by Tarafdar and Marschner . It was 
modified by placing a Plexiglass barrier (2 cm x 2 cm) 
between hyphae and outer compartment on one side of 
the pot to prevent hyphae to pass into that side. Wheat 
plants (cv. Star) were grown in sterilized soils of Bav- 
endorf under controlled conditions. The soil used was a 
cambisol of pH 6.9 and sieved (2 mm) prior to steriliza¬ 
tion (48 h each at 120°C, on two alternate days). Water 
was supplied directly into the root compartment using 
PVC tubes with string wicks inserted in bottles contain¬ 
ing sterilized distilled water. 

The mycorrhizal fungus used was Glomus mosseae. 
Each pot received about 1500 surface-sterilized (with 
0.2% chloramin T and 0.02% streptomycin sulphate) 
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infective propagules of 90-250 pm in size. The inocu¬ 
lum was mixed uniformly with the whole soil, under 
aseptic conditions, and added to the central (root) com¬ 
partment of the pots. Wheat seeds were surface- 
sterilized and planted, four plants in each pot, into the 
root compartment. The top openings of all compart¬ 
ments were covered with 2 cm layer of sterilized quartz 
sand. All operations were performed in a laminar flow 
chamber. The pots were then transferred to a growth 
chamber (25-18°C and 15-9 h day-night regime, 
305 pmol m“^ s"^ photon flux density). 

For demonstration of phosphatase activity the method 
used for determination of acid phosphatase in blood se¬ 
rum has been modified by soaking filter papers with the 
reagents. In this method enzymatic hydrolysis of 
l-naphthyl phosphate at pH 5.6 liberates 1-naphthol 
which reacts with the diazonium salt Fast Red TR 
(diazotized 2-amino-5 chlorotoluene 1,5-naphthalene 
disulphonate), forming a red dye. The suitability of 1- 
naphthyl phosphate as a substrate for phosphatase activ¬ 
ity from plant tissues was tested^ with acid phosphatase 
isolated from wheat germ. 

For the assay the following solutions were prepared — 
citrate buffer: trisodium citrate solution (50 mM), 
adjusted to pH 5.6 with HCl (1 M); substrate solution: 
37.5 mM l-naphthyl phosphate sodium salt in citrate 
buffer; Fast Red TR solution: 2.7 mM Fast Red TR so¬ 
lution in citrate buffer. The substrate solution and the 
Fast Red TR solution were mixed in a ratio of 1:10 (v/v) 
and poured into a Petri dish. After soaking in filter pa¬ 
pers in the assay mixture for some seconds, they were 
placed on Plexiglass and the excess solution was re¬ 
moved with paper tissues. 

The impregnation and air drying of the filter papers 
should be carried out in a fumehood to prevent the inha¬ 
lation of toxic volatiles and also to accelerate the drying 
process. Thereafter, a 5 mm margin of the filter papers 
is cut off, as it contains higher concentrations of rea¬ 
gents than the remaining filter paper. The filter papers 
should be prepared no longer than 2 days before appli¬ 
cation and stored by wrapping in an aluminium foil in a 
desiccator. Ashless filter paper (Blue ribbon, Mo. 589, 
Schleicher & Schull, Dassel/Germany) was used. 

For the visualization of acid phosphatase activity the 
pots were opened and the outer compartments separated, 
and an impregnated filter paper was placed on the sur¬ 
face of the mesh outside the hyphal compartment on 
both the sides (Figure 1). All the tests were carried out 
in the growth chamber at 25®C. The filter papers were 
removed after different times of application and dried. 

Acid phosphatase activity by VAM hyphae is visual¬ 
ized as dark red (black on the photographs) ‘hyphal 
prinf on the test papers (Figure 2b~-c). All parts of 
the hyphae produced a more or less intensive hyphal 
print. When hyphae were not allowed to pass by intro¬ 
ducing a block, no hyphal print in that area could be 

541 



RESEARCH COMMUNICATIONS 






Figure 2. Fingerprints of V 
was put on the hyphal path. 


A mycorrhi7al hyphae: 
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a, control; b, +VAM; 


c, +VAM with barrier. Arrow denotes the position where the barrier 
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seen (Figure 2 c). Similarly, no impression was noticed 
in control (uninoculated pots, Figure 2 l,. Therefore, 
these hyphal prints mainly originated from the activity 
of hyphal surface phosphatase. The dark colour indi¬ 
cates a high phosphatase activity of these hyphal zones. 
As expected, the intensity of the colour of the hyphal 
prints depends on the duration of application. Applica¬ 
tion for only 10 min resulted in a faint, not well- 
differentiated colouration, whereas it got intensified 
gradually, with maximum intensity showing when ex¬ 
posed for 60 min. 

Acid phosphatase activity in plant roots and soils is 
usually measured with p-nitrophenyl phosphate (pNPP) 
as the substrate. Since the end product, p-nitrophenol is 
soluble, spraying the filter paper with an alkaline solu¬ 
tion at the end of the application period may result in 
diffusion of the dye and the formation of blurred hyphal 
prints. In contrast, 1-naphthyl phosphate results in an 
insoluble end product when no detergent is used. Thus, 
sharp hyphal prints appear on the filter paper. In addi¬ 
tion, the method with 1-naphthyl phosphate has the ad¬ 
vantage that the reaction between 1-naphthol and Fast 
Red TR takes place at low pH. Since acid phosphatases 
are characterized by maximal activities at low pH val¬ 
ues’, the method with 1-naphthyl phosphate permits a 
direct and continuous measurement of acid phosphatase 
activity at its optimal pH. 

While 1-naphthyl phosphate is frequently used for the 
detection of acid phosphatase in medical media’, only a 
few reports exist on the use of this substrate for the de¬ 
termination of acid phosphatase from soils ’ and from 
plant roots'’^. In vitro assay with acid phosphatase from 
wheat germ also shows that 1-naphthyl phosphate is a 
very suitable substrate. The present experiment con¬ 
firmed the production of phosphatase by VA mycorrhi- 
zal hyphae. The method may be used for the comparison 
of phosphatase activity of different VA myocorrhizal 
hyphae as well as plant species or genotypes in relation 
to their capacity to utilize organic phosphorus depend¬ 
ing upon plant age, phosphorus nutritional status, tem¬ 
perature and other environmental factors. 


1 . Dinkelaker, B. and Marschner. H., Plant Soil, 1992, 144, 199- 
205. 

2. Tarafdar, J. C., Rao, A. V. and Bala, K., Folia Microbiol., 1988, 
33, 453-457. 

3. Tarafdar, J. C. and Claassen, N., Biol. Fertil. Soils, 1988, 5, 
308-312. 

4. Li, X-L., George, E. and Marschner, H., Plant Soil, 1991, 136, 
41-48. 

5. Gianinazzi-Pearson, V. and Gianinazzi, S., in Physiological and 
Genetical Aspect of Mycorrhizae (eds Gianinazzi-Pearson, V. 
and Gianinazzi, S.), INRA, Paris, 1986, pp. 101-109. 

6 . Tarafdar, J. C. and Marschner, H., Soil Biol Biochem., 1994, 26, 
387-395. 

7. Moss, D. W., in Methods of Enzymatic Analysis (eds Bergmeyer, 
J. and GraBl’M.), Verlag Chemie, Weinheim, 1984, vol. IV, pp. 
92-106. 


8 . Ramirez-Martinez, J. R. and McLaren, A. D., Enzymology, 1966, 
30, 243-253. 

9. Tarafdar, J. C., J. Indian Soc. Soil Sci.^ 1989, 37, 393-395. 

ACKNOWLEDGEMENT. This research was financially supported by 
a grant from the Alexander von Humboldt Foundation (AvH) and 
was done at Institut fur Pflanzenernahrung, Universitat Hohenheim, 
FrawirthstraBe 20, 70599 Stuttgart, Germany. 

Received 28 December 1994; revised accepted 5 August 1995 


In vitro flowering and pod formation 
in cauliflower (Brassica oleracea var. 
botrytis) 

Vandana A. Kumar, Atul Kumar and Jitendra 
Kumar 

College of Forestry and Hill Agriculture, G.B. Pant University of 
Agriculture and Technology, Hill Campus, Tehri Garhwal 249 199, 
India 

Flowering and pod formation in vitro were induced 
in cauliflower through culture of curd explants in 
Murashige and Skoog medium supplemented with 
3.0 mg r° indole acetic acid (lAA) and 0.5 mg 1 ki- 
netin after incubation under 16 h photoperiod at 
28 + 2°C temperature during the day and 24 + 2°C 
during the night at a light intensity of 3000 lx. Pods 
were ready to harvest within 90 days of culture ini¬ 
tiation and developed small, globular, smooth and 
brown-coloured seeds. This phenomenon, though 
gives small amount of seeds, may be helpful when 
pollination and fertilization in vivo are difficult. This 
way, the long period for flowering and pod forma¬ 
tion under field conditions is cut short and the prob¬ 
lem of isolation distance in cross-pollinated crops 
(like cauliflower) is also overcome. 

Breeding programmes in cauliflower rely mainly on 
raising seed crops and, under field conditions, proper 
isolation distance between varieties is necessary for hy¬ 
bridization. Besides, curding and flowering are also very 
sensitive to changes in temperature’. Initiation of flow¬ 
ering and complete pod formation in vitro may become a 
valuable research tool for plant breeders ensuring seed 
purity. This can also facilitate hybridization in vitro 
without any requirement for isolation distance. A proto¬ 
col for in vitro flowering and pod formation in cauli¬ 
flower is described. 

Florets of 1 cm diameter were excised from a mature 
curd of cauliflower (snowball-type), surface-sterilized 
with 70% (v/v) ethanol for 90 s, followed by commer¬ 
cial bleach (calcium hypochlorite) solution (5%, w/v) 
containing 0.1% Tween-20 for 15 min. After three rinses 
with sterile distilled water, small (approx. 3 mm cubic) 
pieces of curd surface were dissected and implanted in the 
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_ Table 1, In vitro plantlet reg eneration in cauliflower 

_ , _ Rooting _ Plantlet fom 

Treatment (mg r‘) T 77 


(A) 

lAA 1.0 + kinetin 0.5 

(B) 



a f t e r 3 0 

days 

No. of 
roots 

Length 
of roots 
(cm) 

No. of developed 
leaves 

3.4 + 0.4 

1.810.4 

Thin leaves 

7.510.6 

3.610.5 

2.6 ±0.4 

14.8 + 2.3 

7.810.7 

5.7 ±0.5 


culture medium, which consisted of Murashige and 
Skoog macro- and micro-nutrients, vitamins, sucrose 
(3%, w/v), phytagar (0.3%, w/v) and different combi¬ 
nations of indole acetic acid (lAA) (0.5, 1.0 and 
3.0 mg 1 ) with kinetin (0.5 mg p'). The pH of the 
medium was adjusted to 5.7. Fifteen ml medium was 
dispensed in 50 ml (2.5 cm diameter) Borosil culture 
tubes for autoclaving at I kg/cm and 120°C for 20 min 
Cultures were incubated under 16 h/day photoperiod and 
8 h dark period at 28 ± 2°C during the day and 24 ± 2°C 
during the night at 3000 lx light intensity. 

Data on plantlet regeneration, flowering and pod for¬ 
mation were recorded. Ten cultures each in four repli¬ 
cations for every treatment were initiated and the data 
were subjected to statistical analysis. 

When curd explants were cultured on MS medium 
supplemented with different combinations of lAA and 
kinetin (Table 1), complete plantlets were regenerated 
within 30 days in treatment B (1.0 mg f' lAA and 
0.5 mg 1^^ kinetin) and treatment C (3.0 mg 1"^ lAA and 
0.5 mg 1 kinetin). In cultures containingTAA and ki¬ 
netin each at 0.5 mg P’ (treatment A), only thin leaves 
were developed and root development was also poor in 
comparison to the other two treatments. 

The phenomenon of complete plantlet regeneration had- 
a bearing on the flowering and pod formation in vitro as is 
evident from the data in Table 2. While flowering initials 
appeared within 32 days of culture initiation in treatment 
C along with complete plantlet regeneration, 80 and 45 
days were required for initiation of flowering in treat¬ 
ments A and B respectively. Similarly, opening of flowers 
(40 days) (Figure 1) and complete pod formation (65 
days) (Figure 2) were also earlier in treatment C in com¬ 
parison to freatment B (56 and 95 days, respectively). 

By the time complete pod formation was observed in 
treatments B and C, only flowering initials appeared in 
treatment A and the medium was also exhausted in cul¬ 
ture tubes. Hence, further data on flowering and pod 
formation are presented with respect to treatments B and 
C only (Table 3). The number of flowers/plantlets 
(7.2 ± 0.6) and the length of the flowering stalk 
(8.6 ± 0.9) were more in treatment C than in treatment B 
(3.3 ± 0.4 and 4.3 ± 0.4, respectively) after 60 days of 



!-■ of flower initials in treatment B after 45 

40 d:;r.Vo“aTw,s;: 



Figure 2. Complete pod formation in treatment C after 65 days of 
culture initiation. 
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Table 2. Days taken for in vitro flowering and pod formation in 
cauliflower 


Days taken to 

Treatment 

Initiation of 
flowering 

Opening of 
flowers 

Complete pod 
formation 

A 

80 ±7.5 

— 

— 

B 

45 ±4.9 

56 ±5.8 

95 + 8.2 

C 

32 ±4.3 

40 ±4.8 

65 ± 6.2 


Table 3. Details of in vitro flowering and pod formation in cauliflower 


Treatment 

No. of flowers/ 
plantlets 

Length of flower 
stalk (cm) 

No. of 

pods/plantlets 

Pod length 
(cm) 

No. of 
seeds/pod 


(after 60 days) 


(after 90 days) 


B 

3.3 ±0.4 

4.3 ± 0.4 

1.8 ±0.3 

2.1 ±0.4 

— 

C 

7.2 ±0.6 

8.6+ 0.9 

5.2 ±0.6 

4.8 ± 0.4 

4.6 ±0.5 


culture initiation. Similarly, the number of pods/plantlets 
(5.2 ± 0.6) and the pod length (4.8 ± 0.4) were also more 
in treatment C than in treatment B (1.8 ±0.3 and 
2.1 ± 0.4, respectively) after 90 days of culture initiation. 

After 90 .days, shedding of leaves and other floral 
parts was observed in treatment C and pods were ready 
to harvest. After harvesting, on an average 4.6 ± 0.5 
seeds were counted in treatment C only (Table 3).By 
this time, pods in treatment B were green andimmature. 

The in vitro developed flowers were typical of 
cruciferous family, having 4 sepals, 4 petals, 6 stamens, 
of which 2 were short, and 2 carpels with superior 
ovary. The seeds in the fruit (siliqua) were small, 
globular, smooth and dark brown in colour. 

Flowering has also been induced in vitro under 
appropriate conditions through culture of thin cell 
layers of epidermal tissues excised from flowering 
stems of tobacco and potato^. It is hypothesized 
that the amount of native gibberellins present in 
the plant appears to be a deciding factor in whether 
a plant would remain vegetative or bolt and flower . 
The effect of gibberellins and other growth retardants 
on in vitro flowering of vegetative apex of Japanese 
pear has also been reported^. In our study, in vitro 
flowering in cauliflower through culture of curd ex¬ 
plants appears to be under the control of different hor¬ 
monal regimes, i.e. 3 mg 1”^ lAA and 0.5 mg I ^ kinentin 
in MS medium. 

Though in vitro pollination and fertilization gives a 
small amount of seed, plant breeders can exploit this 
phenomenon when this is difficult in vivo^. Further, the 
problem of isolation distance is also overcome and the 
long period for flowering and pod formation under field 
conditions is considerably cut short this way. 
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Testosterone biosynthesis in triploid 
sterile male tilapia 

R. Koteeswaran, S. G. Sheela and T. J. Pandian 

Department of Genetics, School of Biological Sciences, Madurai 
Kamaraj University, Madurai 625 021, India 

Histochemical localization of strategically important 
steroid dehydrogenase (3P-HSD) and immunohisto- 
chemical studies using testosterone antisera con¬ 
firmed the active nature of triploid interstitial cells 
and the presence of 5-ene and 4-ene pathways lead¬ 
ing to the biosynthesis of testosterone in the testis of 
triploid sterile tilapia. Hence, the partial sterility 
suffered by triploid male tilapia is not due to the lack 
of steroid hormone involved in spermatogenesis. 

Triploidy has been induced by subjecting freshly fertil¬ 
ized eggs to thermal (heat' or cold^), pressure^, electri¬ 
cal'' or chemical^ shock; in these shocked eggs the 
extrusion of second polar body has been suppressed as 
evidenced by the metaphase-spread preparations. Trip¬ 
loidy is also known to result in complete sterility in fe¬ 
males (e.g. rainbow trout®, tilapia’), and partial sterility 
in males (e.g. rainbow trout®, tilapia’). The partial ste¬ 
rility suffered by males has generally been attributed to 
endocrine and cytological incompatibilities, although no 
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Figure 1 a-i. Selected sections of diploid (2b) and triploid (3«) tilapia. Bar 
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direct evidence has so far been reported. Lincoln and 
Scott^ were perhaps the first to show the occurrence of 
testosterone in the partially sterile male triploid On- 
corhynchus mykiss using radioimmunoassay. This ob¬ 
servation has been subsequently confirmed in the same^ 
and Perea flavescens^. This communication reports the 
occurrence of strategically important hydroxy steroid 
dehydrogenase, which indicates that the partial sterility 
suffered by triploid male tilapia is not due to the lack of 
steroid hormone involved in spermatogenesis. 

Triploidy was induced in Oreochromis mossambicus 
following the procedure described by Varadaraj and 
Pandian^®. These triploids were reared until they at¬ 
tained sexual maturity. Testes from confirmed triploids 
were sectioned in a cryotome (International Equipment, 
USA). H-E staining was done to obtain the structural 
details. Fresh frozen sections (16 \xm) were incubated in 
an appropriate incubation medium for 2-3 h according 
to the method of Baillie et Pregnenolone was se¬ 
lected as a substrate for histochemical localization of 
SP-HSD. The incubation medium contained 0.1 M ' 
sodium phosphate buffer (pH 7.2), 0.14 mM pre¬ 
gnenolone, 0.6 mM nitro blue tetrazolium and 7 mM 
NAD. The sections were fixed in 10% formalin after the 
completion oY reaction. Immunohistochemical staining 
was done according to the method of Kuhlmann^^. Sec¬ 
tions (16|im thick) were first neutralized of their en¬ 
dogenous peroxidase activity by treating with 1% 
hydrogen peroxide in PBS. To reduce nonspecific 
staining, sections were blocked using normal goat serum 
and 1% BSA. This was followed by incubation with 
testosterone antisera (Sigma, USA, in 1:10 dilution of 
the reconstituted lyophilized stock) for 2 h at room tem¬ 
perature. Finally, sections were treated with 1:100 dilu¬ 
tion of HRP-coupled goat antirabbit IGg (Genei, 
Bangalore) for 1 h and developed in a solution contain¬ 
ing 30 mg 4-chloro-l-naphthol, 10 ml methanol, 30 pi 
of 30% hydrogen peroxide and 40 ml of 1 x PBS for 
15 min in dark. After each treatment the sections were 
washed thoroughly with PBS (pH 7.2) to remove the 
unbound protein molecules from the sections. 

H-E staining of the testis of 5-month-old triploids re¬ 
vealed the ‘presence of numerous interstitial cells as in 
diplofd controls (Figure 1 a, b). Their active nature was 
confirmed by lipid and histochemical staining. There 
were a few irregular-sized spermatozoa in triploid testis, 
indicating their aneuploid nature arising due to abnor¬ 
mal meiosis (Figure I a, d). In contrast, the diploid sec¬ 
tions showed the presence of abundant, regular-sized 
spermatozoa (Figure I a, c). The 3p-HSD activity was 
slightly stronger in the triploid interstitial cells (Figure 
1 /) than that of the diploids (Figure 1 e). Control sec¬ 
tions incubated in substrate-free medium showed no 
reaction. Testosterone immunoreactivity was slightly 
stronger in the triploid sections (Figure 1 i) than that in 


the diploids (Figure 1 h). Control sections incubated in 
substrate-free medium showed no reaction (Figure 1 g). 
Hence, the triploid interstitial cells are active and pro¬ 
duce testosterone through the 5-ene and 4-ene pathways. 

Hyder et al observed an increase in the plasma tes¬ 
tosterone titre in correlation with an enlargement of in¬ 
terstitial cells when human chorionic gonadotropin was 
administred. Hence, the presence of larger interstitial 
cells in triploid tilapia might be due to their active in¬ 
volvement in testosterone biosynthesis. 

Conversion of pregnenolone to progesterone is a key 
step in the formation of all biologically active steroids. 
As SP-HSD brings about this conversion, its activity has 
been used to confirm the interstitial cells and is also 
considered as a measure of steroid biosynthesis by many 
workers The stronger activity of this enzyme in 
triploid interstitial cells indicates the presence of highly 
active 5-ene and 4-ene pathways in triploids. Stronger 
immunohistochemical staining for testosterone confirms 
the conclusion. 

In conclusion, the triploid interstitial cells and the 
5-ene and 4-ene pathways leading to the biosynthesis of 
testosterone are active. The partial sterility suffered by 
triploid male tilapia may be attributed to the problems in 
meiosis, and not due to the lack of steroid hormone in¬ 
volved in spermatogenesis. 
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Ethnobotany and the Search for New 
Drugs. (Ciba Foundation Symposium 
185, Symposium on Ethnobotany and 
the Search for New Drugs, Fortaleza, 
Brazil, 30 November to 2 December 
1993). Derek J. Chadwick and Joan 
Marsh, eds. John Wiley & Sons, Chich¬ 
ester, UK, 1994. pp. 10 + 280. Price: 
£47.50/$76.00 ■ 


Ever since the English physician Wil¬ 
liam Withering brought Digitalis pur¬ 
purea, till then part of folk medicine, 
into Western medicine, plant-based 
medicines have played a major role in 
organized healthcare delivery through¬ 
out the world. A major step forward in 
the ascent of plant-based medicines was 
when, in the last century, Bayer, the 
German chemical major, decided to 
synthesize and mass-produce aspirin - a 
slightly modified form of a naturally 
occurring compound isolated from wil¬ 
low bark. Aspirin turned out to be the 
largest sold drug ever! Today more than 
25% of prescription drugs issued in 
North America contain bioactive com¬ 
pounds that are derived from or mod¬ 
elled after plant natural products. Nor¬ 
man Farnsworth of the College of 
Pharmacy of the University of Illinois at 
Chicago has identified 119 secondary 
metabolites isolated from higher plants 
that are being used globally as drugs. 
But for awhile, especially after the in¬ 
vention of antibiotics and the develop¬ 
ment of sophisticated synthetic methods, 
drug companies relegated the develop¬ 
ment of plant-based drugs to the back- 
burner. One reason for this temporary 
disenchantment with plant-based medi¬ 
cines could be the enormous costs in¬ 
volved in testing thousands of plants at 
random. For instance, the National Can¬ 
cer Institute of the United States used 
this approach from the mid-1950s until 
1982. The actual yield of this pro¬ 
gramme is estimated to be one market¬ 
able anticancer drug per 8000 plants 
tested! In the meanwhile drug compa¬ 
nies also found the synthetic route - 
wherein hundreds of compounds are syn- - 
thesized and tested — to be unaffordable. 

It is at this juncture that the enormous 
potential of ethnobotany came to be 
recognized. The idea is simple. Instead 
of testing plants at random, only those 
plants which are being used by tradi¬ 
tional societies to cure their sick will be 


tested. In other words, one should try to 
take advantage of folk knowledge. That 
involves cross-cultural transfer of 
knowledge. The actual transfer of the 
plant material from its natural habitat to 
the drug companies involves transfer of 
valuable resources. These lead to ques¬ 
tions of intellectual property rights, 
patents and adequate compensation. 

Thus, ethnobotany is not mere bot¬ 
any; it is about people, it is about cul¬ 
tures, it is about biodiversity, it is about 
the possible threats of deforestation, 
acculturation and wiping out of cultures 
and natural resources, and it is about 
multimillion dollar drug business. 
Above all, it cannot wait. No one knows 
how long the plants and the cultures which 
know about their efficacies will survive. 

I am sure, all these concerns were up¬ 
permost in the mind of Paul Alan Cox 
of Brigham Young University when he 
suggested the holding of this sympo¬ 
sium to the Ciba Foundation. If the re¬ 
sulting book is any indication, the con¬ 
ference must have been organized very 
well. Some of the leading workers in the 
field have contributed excellent papers. 

The book opens with' a brief intro¬ 
duction by Ghillean Prance, Chairman 
of the Royal Botanical Gardens, Kew. 
He set the tone for the conference by 
drawing attention to the interdiscipli¬ 
nary nature of the field, and asking 
‘What have indigenous people gained 
from the use of their knowledge by 
Western culture?’ He also drew atten¬ 
tion to the problem of translation be¬ 
tween the categories (of ailments) 
adopted by the traditional societies and 
the categories used in modern medicine. 
This was followed by 15 presentations; 
it was rather unfortunate that Richard 
Evans Schultes, one of the world’s 
leading ethnobotanists, could not make 
it to the conference. However, his brief 
but informative paper on Amazonian 
ethnobotany was circulated and dis¬ 
cussed at the conference. Schultes em¬ 
phasizes the need to intensify ethnobo- 
tanical field research to be able to win 
the race against mindless devastation 
and destruction of rain forests and ac¬ 
culturation. He ends his paper with the 
plea that ‘all scientists involved make 
every effort possible to encourage the 
training of more ethnobotanists and 
ethnopharmacologists willing to carry 
on field work with people who still have 
the knowledge of plants and their prop¬ 


erties which they have inherited from 
generations unnumbered’. 

Michael Balick, a student of Schultes, 
observes that the most valuable contri¬ 
butions of ethnobotany to drug devel¬ 
opment can come from small and tightly 
focused programmes, especially with 
plants used to treat hepatitis, diabetes, 
diarrhoea, gastrointestinal problems, 
skin infections, fungi and wounds. In 
his opinion, it is essential to combine 
medical and ethnobotanical skills to 
obtain a proper understanding of plant 
use in terms of both Western science 
and traditional beliefs. As we do not 
know the chemical composition and the 
full medicinal potential of 99.5% of the 
plant kingdom, Balick would like drug 
companies to continue the random ap¬ 
proach as well. Indeed, the Institute of 
Economic Botany, of which Balick is 
the director, is collaborating with Pfizer 
in exploring the plant wealth of forests 
in the United States. Paul Cox, another 
student of Schultes, has looked at the 
strengths and limitations of the ethnobo¬ 
tanical approach to drug discovery. He 
lists more than 50 drugs discovered 
from ethnobotanical leads. He points 
out that 72% of every research dollar 
spent in the Western world is spent on 
cardiovascular illness, neoplasms, nerv¬ 
ous system’s disorders and microbial 
diseases. But very few indigenous cul¬ 
tures have recognized cancer and leu¬ 
kaemia and, therefore, the success rate 
of ethnobotanical route in the discovery 
of cancer drugs may not be high. On the 
other hand, the success rate with regard 
to gastrointestinal disorders, the most 
frequent type of disease in Third World 
countries, may be high. 

While emphasizing the need to 
evaluate plants used as traditional 
medicines, because more than 3300 
million people in the less developed 
countries use medicinal plants on a 
regular basis, Norman Farnsworth draws 
attention to the difficulties encountered 
in ethnopharmacological work. He 
warns that unless ethnomedical infor¬ 
mation is collected in great detail and 
accurately, it will be no better than ran¬ 
dom selection of plants followed by 
targeted biological screening. He pleads 
for more well-trained ethnobotanists. 
Farnsworth also gives a brief account 
of the NAPRALERT database, which 
provides information on the pharma¬ 
cological effects of extracts of living 
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organisms, ethnomedical information on 
the use of plants, and the biological 
effects of secondary metabolites. 

Walter Lewis and Elvin-Lewis ex¬ 
plore the basic, quantitative and ex¬ 
perimental research phases of ethno- 
botany with special reference to the 
medicinal plants of South America. 
Search for new drugs cannot succeed 
unless all the three phases are taken care 
of. Elaine Elisabetsky and Darrel Posey 
look at the development of plant-based 
antiviral compounds, particularly for the 
treatment of gastrointestinal disorders, 
based on the experience and practices of 
Kayapo Indians of Brazil. Another pa¬ 
per based on Brazilian plants, by 
Craveiro et al, deals with natural prod¬ 
ucts’ chemistry. It also describes the 
Living Pharmacy Programme, under 
which the local people are taught to 
cultivate and use medicinal plants cor¬ 
rectly. Maurice Iwu, Xavier Lozoya and 
S. K. Jain have reviewed the current 
status of African, Mexican and Indian 
ethnobotanical research, respectively. 
Iwu has listed several Nigerian plants 
and their medicinal use; Jain has given 
lists of Indian plants useful in the treat¬ 
ment of intestinal, joint, liver and skin 
diseases. Lozoya points out that the lack 
of clinical studies of plant remedies 
traditionally used in less developed 
countries is one reason for the failure to 
come up with new herbal drugs. Could 
it be that the Western healers and re¬ 
searchers are threatened by the success 
of the native epistemology which could, 
unaided by the tools of Western science, 
discover and retain the knowledge of 
plant-based cures for millennia? Does 
the West suffer from a cultural handi¬ 
cap? In this respect, Asian researchers 
have an advantage over Western re¬ 
searchers, feels Lozoya. 

Pei-Gen Xiao gives an account of 
ethnopharmacology and new drug de¬ 
velopment in China. There are 7295 
species of plants used medicinally in 
China, and plant-derived drugs make up 
45% of the market. Gordon Cragg and 
coworkers describe the experience of 
the US National Cancer Institute (NCI) 
over the past three decades and more in 
ethnobotany and drug discovery. A wel¬ 
come feature is a discussion on intellec¬ 
tual property rights, international col¬ 
laboration and compensation. NCI col¬ 
lects material from foreign institutions 
such as the Bogor Herbarium in Indo¬ 


nesia and the Botany Department of the 
Philippines National Museum. 

Two researchers from Shaman Phar¬ 
maceuticals, Steven King and 
Michael Tempesta, describe the com¬ 
pany’s experience in drug development 
based on leads obtained from native 
healers. They have a good team of 
interviewers assisted by competent 
translators. Shaman’s is one major 
success story among drug companies 
using the ethnobotanical route to drug 
discovery. They already have two drugs, 
Provir for respiratory viral infections 
and Virend for herpes, in clinical trials. 
More are expected. Shaman has a 
scheme of compensating the native 
people and communities providing the 
knowledge. 

John Barton, who teaches law relating 
to high technology at Stanford, dis¬ 
cusses the intellectual property rights 
issues involved in ethnobotany and its 
use in drug development and manufac¬ 
ture. He pins his hope on nongovern¬ 
mental organizations to develop a uni¬ 
form agreement on the relative rights of 
indigenous peoples and of their gov¬ 
ernments. Gary Martin looks at the 
prospects of judicious exploitation of 
plant resources without harming conser¬ 
vation and biodiversity as well as how 
ethnobotanists working in the field can 
help in community development and 
sustainable plant use. Berlin and Berlin 
raise questions pertaining to preserva¬ 
tion, codification and promotion of 
traditional cultures and knowledge sys¬ 
tems, and returns to the native com¬ 
munities. They narrate their experience 
in Mexico working with the Highland 
Mayapeople. The book ends with a brief 
but perceptive conclusion by Ghillean 
Prance. 

This is an excellent book. It deals 
with a topic of great current interest and 
urgency and it has brought together the 
views and experiences of many of the 
leading scholars in the field drawn from 
North America, Europe, Asia, Africa 
and Latin America. It covers all aspects 
comprehensively. The conference for¬ 
mat has contributed a great deal, as is 
evidenced by the enormous amount of 
useful information that has come up in 
the discussions following each presen¬ 
tation. Indeed, the book would have lost 
considerably if the discussions were not 
included. The Ciba Foundation and 
John Wiley & Sons deserve full marks. 


The only flaw in this well-produced 
book is that some pages shown on the 
contents page do not match with the 
beginning pages of the articles. 

SUBBIA^i ARUNACHALAM 

Central Electrochemical Research 
Institute, 

Karaikudi 623 006, India. 


Environmental Health Perspective; 
Supplements: Molecular Mechanisms 
of Metal Toxicity and Carcinogenic¬ 
ity. National Institute of Health, USA. 
1994, vol. 102. 


Environment Health Perspective is 
regularly published by National Institute 
of Environmental Health Sciences, Na¬ 
tional Institute of Health, USA. This 
journal regularly publishes research 
papers, review articles and sometimes 
status report in certain areas related to 
environmental health. It also publishes 
supplements containing lead articles on 
research work presented at international 
meetings. 

This volume of Environmental Health 
Perspective., Supplements (Vol. 102, 
Supplement 3, September 1994) con¬ 
tains selected papers from the Second 
International Meeting on Molecular 
Mechanisms of Metal Toxicity and 
Carcinogenicity held in Madonna di 
Campiglio, Italy 10—17 January 1993. 

The field of metal carcinogenesis and 
metal toxicology is changing at a rapid 
pace, so much so that it is now being 
looked into not only at the organism 
level but also at the molecular level. 
Selected papers published in this vol¬ 
ume deal with several important molecu¬ 
lar aspects of toxicity and carcinogenic¬ 
ity, such as oxidative and free-radical 
effects, genotoxicity, mechanism of 
resistance, carcinogenetic process, rela¬ 
tionship between carcinogenesis and 
metallothionein, cellular and molecular 
aspects of toxicity, etc. 

The articles of this volume contain 
interesting data on chromium-cadmium-, 
nickel- and arsenic-induced carcino¬ 
genesis. Data on chromate-induced 
DNA strand breaks, Fenton-reagent- 
induced generation, powerful oxidants, 
and evidences for radical species 
as intermediates in cadmium/zinc- 
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metallothionein-dependent DNA dam¬ 
age in vitro, etc., have been discussed. 
A series of studies in this category re¬ 
vealed a central mechanism that dam¬ 
ages to the DNA molecule are caused by 
oxidants induced by various metals and 
their salts. The DNA damage is related to 
mutagenic response and genetic toxicity. 

In an interesting article, Wang et al 
from Norton Nelson Institute of Envi¬ 
ronmental Medicine and the Kaplan 
Cancer Center of the New York Uni¬ 
versity Medical Center, New York, re¬ 
ports that an arsenic-resistant Chinese 
hamster cell line shows increased resis¬ 
tance to toxic concentrations of arsenic 
after pretreatment with a nontoxic con¬ 
centration. Such an induced tolerance 
can be completely inhibited by actino- 
mycin D or cycloheximide. Another 
group from China reports that human 
fibroblasts are ten times more suscepti¬ 
ble to sodium arsenic than Chinese 
hamster ovary cells. According to epi¬ 
demiologic studies, arsenic is associated 
with increased risk for certain types of 
human cancers, including epidermoid 
carcinomas of skin, lung cancers, and 
possibly liver cancers. However, inocu¬ 
lations of inorganic arsenic have failed 
to induce tumours in most laboratory 
animals. The paper by Je-Chang Lee 
throws light on the differential suscep¬ 
tibility between humans and experimen¬ 
tal animals to arsenic, indicating a pos¬ 
sible mechanism as to why human expo¬ 
sure to arsenic may cause cancer. 

Although cadmium is an environ¬ 
mental carcinogen, suspected to cause 
lung and prostate cancer in humans, the 
exact mechanism of cadmium carcino¬ 
genesis is not known. A low molecular- 
weight (6000-7000 Da) protein metal- 
lothionein is known to protect cells 
against metal toxicity. Timothy P. 
Coogan and colleagues of National 
Cancer Institute, Maryland, suggest that 
metallothionein gene activity is quies¬ 
cent in the ventral prostate of mice. This 
tissue-specific quiescence of the metal¬ 
lothionein gene has been suggested to 
determine tissue’s susceptibility to 
cadmium carcinogenesis. 

Although metallothionein (MT) plays 
an important role in cellular resistance 
to metal toxicity, very little is known 
about the degradation of metal¬ 
lothionein and tumour of the metals 
bound to it. In an interesting article by 
C. D. Klaassen and colleagues of the 


University of Kansas Medical Center, 
Kansas, it has been reported that ly- 
sosomes might be important in degrad¬ 
ing metallothionein, and that metal re¬ 
lease is a prerequisite for degradation. The 
order of sensitivity towards degradation is 
apo-MT » Sn MT » Cd MT. 

A unique method for fabrication of 
ultramicrosensors to study metal move¬ 
ment through cell membranes has been 
described by T. Malinski and col¬ 
leagues. A number of papers describe 
the role of various metals in inducing 
signal transduction mechanisms. Several 
papers deal with the effects of or- 
ganometals on cell signalling, effects of 
low-level dietary supplementation of 
organic selenium risks arising out of 
consumption of polluted mussels for 
lead poisoning, etc. 

In general, this volume contains pa¬ 
pers dealing with the most up-to-date 
knowledge in the field of metal toxicity 
and carcinogenicity, and also with their 
cellular and molecular mechanisms. 
Readers would find it quite useful to 
update their knowledge. 

Prasanta Kumar Ray 


Bose Institute, 

P-1/12, CIT Scheme VIIM, 
Calcutta 700 054, India. 


Annual Review of Biochemistry 1994. 

C. Richardson, ed. Annual Reviews 
Inc., 4139 El Camino Way, Palo Alto, 
California, USA. Price: US.A $49, 
elswhere $55. Volume 63. 


During the past six decades we have 
discovered time and again that the ex¬ 
citements in the area of biological 
chemistry are periodically updated in 
this series, although its undisputed emi¬ 
nence has been constantly challenged. 
Part of the answer to the success of this 
series lies in a set of vibrant articles on 
contemporary themes published year 
after year. The current issue comprises 
^28 chapters describing, in principle, a 
variety of different and diverse aspects 
under the general rubric of biochemis¬ 
try. Of particular interest to the ever- 
increasing number of practising bio¬ 
chemists is the preparatory overview by 


Osamu Hayaishi. The Sensei in an in¬ 
imitable fashion recounts the events that 
led to the discovery and characterization 
of a class of ubiquitous enzymes called 
the oxygenases. In a fitting tribute, the 
chapter on lipoxygenase translates his 
original ideas into much broader issues 
of human health and disease processes. 

The chapters can be roughly divided 
into four groups. The major section of 
this book focuses on myriad compo¬ 
nents involved in cell signalling. The 
body of any organism (yes, it applies 
even to the unicellular microbes!) 
probably cannot function without the 
network of chemical signals - hor¬ 
mones, growth factors, lipid molecules, 
neurotransmitters - that communicate 
with diverse population of cells. Re¬ 
search in these areas over the years have 
proved to be a fertile ground for gaining 
insight into the complexities of biol¬ 
ogy - and of Nobel prizes. There are 
two chapters, one on nitric oxide and 
the other on polypeptide toxins that 
exist in the venoms of predators. The 
former, which gained notoriety as 
the molecule of the year 1993 is be¬ 
lieved to participate as a major regulator 
in a variety of cellular processes and is 
also alleged to have a role in influenc¬ 
ing the sexual behaviour. Bredt and 
Snyder provide an excellent description 
of all one would like to know about 
NO, but is afraid to ask! Olivera et al 
emphasize the utility of a class of small 
polypeptide toxins from marine snails 
and spiders as probes for elucidating the 
architecture of calcium channels and 
as therapeutic agents. This chapter is 
very clear, well written and is reader- 
friendly! The section on membrane re¬ 
ceptors by Krieger and Herz provides a 
useful compilation of a variety of 
different problems in this broad field of 
multiligand lipoprotein receptors. How¬ 
ever, the author’s proposition of a 
‘unifying concept’ of ligand recogni¬ 
tion, at present, appears to be a danger¬ 
ous exercise. The framework of the 
processes in the classical paradigm in¬ 
volving the interaction of G protein 
coupled receptors with ligands leading 
to the activation of a variety of cellular 
processes - via kinases and phosphata¬ 
ses - such as perception of odours, in¬ 
crease in the intracellular vesicle traf¬ 
ficking or change in the electrical activ¬ 
ity of brain cells is illustrated in chap¬ 
ters by Strader et al., Johnson et al, and 
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Nuofer and Balch. There are over 20 
odd G proteins which receive and coor¬ 
dinate signals from more than 300 re¬ 
ceptors, Despite this complexity, works 
in several laboratories have linked ab¬ 
normal G proteins to pituitary and tes¬ 
ticular tumours, cholera, leukaemia and 
other forms of cancer. These three 
chapters are complementary and anyone 
with some basic knowledge should be 
able to follow the flow of the theme. 
The gods of science lately have 
smiled fondly on people who took up 
this messy and elusive area and made 
it elegantly crisp. Finally, in recent 
years contributions from the fields of 
genetics and molecular biology have led 
to the explosive growth in the number 
and variety of steroid/thyroid super¬ 
family of intracellular messengers. Tsai 
and O’Malley have summarized the 
current understanding of their action, at 
the molecular level and have identified 
the issues for the future. 

In the second section several chapters 
discuss various cellular processes and 
cytological organelles. These include 
synaptic transmission, intermediate 
filaments and centrosome. Bennet and 
Scheller emphasize largely the role of 
synaptic proteins in vesicular fusion, 
while Kennedy discusses the molecular 
events underlying synaptic transmission. 
Although these two chapters are written 
independently, the authors make a val¬ 
iant effort in speedily bringing the ori¬ 
ented reader up to date but the unfamil¬ 
iar reader may find it essential to con¬ 
sult some textbooks. Intermediate fila¬ 
ments are responsible for a myriad of 
housekeeping and specialized functions 
in multicellular eukaryotes. Fuchs and 
Weber summarize the recently gained 
exciting insights into the functions of 
intermediate filaments and their liaison 
in human disease. In the chapter on 
centrosome, Kellog et al., discuss the 
components and their general organiza¬ 
tion. 

In the third group, three separate 
chapters deal with different and diverse 
aspects that fall under the general cate¬ 
gory of energy transduction. Trumpower 
and Gennis illustrate the way by which 


prokaryotic and eukaryotic organisms 
couple the redox energy available from 
the reduction of molecular oxygen, 
while Howard and Rees point out that 
the study of nitrogen fixation has grown 
exponentially during the past few dec¬ 
ades to accommodate not only bioinor¬ 
ganic chemists and spectroscopists but 
also microbial physiologists. Hartman 
and Harpel bring us up to date in the 
continuing saga of engineering plants 
with catalytically most efficient Ru- 
bisco. Although it continues a.s a para¬ 
digm for protein engineering, even the 
most modest goal of converting the less 
efficient bacterial enzyme into the 
somewhat more efficient plant enzyme 
has not been achieved. However, as 
discussed, the contributions from the 
application of atomic genetic and mo¬ 
lecular biological tools have clarified 
the mechanics of energy transduction. 
Spectroscopic studies have erroneously 
attributed a role for a covalently bound 
form of quinone in several enzymatic 
functions. Although the intimation of 
quinones as redox cofactors seems to be 
correct, the article by Klinman and Mu 
encapsulates the problems and clarify 
the status of quino-cofactors in biology. 

Molecular recognition is the underly¬ 
ing dictum of all chemical and biologi¬ 
cal processes from protein folding- and 
catalysis- to genetic recombination. 
This theme is best illustrated in a set of 
articles in this group. There are two 
articles related to HIV, although a part 
of it was covered in the previous vol¬ 
ume. This bias is perhaps understand¬ 
able in light of its immense importance 
in public health. Katz and Skalka’s 
chapter describes retroviral enzymes, in 
general, that also serve as focal points 
for designing therapeutic drugs. A more 
direct emphasis is found in the article 
by Jones and Peterlin on transcription 
initiation at the HIV-1 promoter with 
analogies drawn to the eukaryotic sys¬ 
tems. The function of DNA polymerase 
is discussed (Joyce and Steitz) mostly 
from a structural point of view and the 
mechanistic connections are less clear. 
The article on the regulation of DNA 
replication by Coverly and Laskey is 


more fascinating than that of the simple 
information carrier. Of particular inter¬ 
est in this section is the punchiest article 
on homeodomain proteins (Gehring et 
ah). The authors give the reader an idea 
of the rewards when chemists and bi¬ 
ologists ultimately speak in the same 
terms in order to understand a complex 
developmental circuitary system. Over 
the last decade a combination of ge¬ 
netic, biochemical and structural studies 
have rcvcnlcd a iicu level of mechanis- 
ue details in steps underlying the 
mechanism by which the integrity and 
fidelity of chromosomes is maintained. 
The chapters on DNA repair, single¬ 
strand DNA-binding proteins and ho¬ 
mologous pairing and DNA strand ex¬ 
change discuss in general the proteins 
involved and the mechanisms of these 
processes. Research in these areas is so 
vibrant that it is discussed almost every 
year in this series. Indeed, many of the 
same approaches originally designed for 
microbial systems have now been suc¬ 
cessfully applied to higher eukaryotic 
systems. 

I have tried to find faults with this 
book and in some cases found them. It 
is regrettable that plant biochemistry, 
lipids, carbohydrates and methodology 
have been largely overlooked. Another 
shortcoming, albeit minor, is the article 
on Caulobacter differentiation, which 
belongs, in my opinion, either to the 
Annual RevieM^s of Genetics or Annual 
Reviews of Microbiology. Despite this, I 
consider the book to be a highly useful 
reference on a compendium of topics of 
diverse nature, containing up-to-date 
bibliography and appropriate illustra¬ 
tions; consequently, I rate it a shoulder 
above other series in this league. If the 
goal(s) of the authors is to inspire the 
newcomers to the subject, in most cases, 
it is certainly realized. I am confident 
that the ‘jewel in the crown’ of biologi¬ 
cal chemistry will shine again! 

K. Muniyappa 

Department of Biochemistry, 

Indian Institute of Science, 

Bangalore 560 012, India. 
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Joseph Needham (1900 

There is a saying in Arabic: 

Maut-ul-Aalim Maut-ul-Aalam, the 
death of a scientist is the end of an 
epoch. This is indeed true for Joseph 
Needham, whose depth of knowledge 
and wide-ranging interests are 
matched by a few, if any. 

Joseph Needham was born on 9 Decem¬ 
ber 1900. His father was a physician, 
and, according to Joseph, a pioneer in • 
pathological histology who later special¬ 
ized in anaesthesia. His mother was a 
musician and composer. He had a com¬ 
fortable childhood, but showed from the 
beginning a sympathy for working class 
and when only 13 years old argued for 
socialism with his father. He earned a 
degree in natural science and taught 
biochemistry at Gonville and Callis 
College, with which he remained asso¬ 
ciated all his life. He married Dorothy, 
also a biochemist. Both became Fellows 
of the Royal Society. However, by 1930 
he got interested in history of science, 
particularly in history of Chinese sci¬ 
ence. It was probably his contact with 
Gwen-Djen Lee, who later became his 
collaborator in the project on Chinese 
science and whom he married after the 
death of his wife Dorothy. Two events 
shaped the direction of his life’s work. 

The first one was his participation in 
the Second International Conference on 
the History of Science and Technology 
held in London in 1931. Some of the 
papers presented by the Russian delega¬ 
tion, headed by N. I. Bukharin, which 
left a deep impression on English par¬ 
ticipants were those of Boris Hessen on 
socioeconomic roots of principia, 

N. I. Vavilov’s paper on the origins of 
the world’s agriculture, E. Colman on 
crisis in mathematical sciences and B. 
Zavadovsky’s paper on physical and 
biological factors in the process of 
evolution. 

The English side was represented 
amongst others by J. D. Bernal, J. B. S. 
Haldane, Hyman Levy, L. Hogben, 
Benjamin Farrington, Joseph Needham 
and others. Each one of them was after¬ 
wards to work out social, political and 
cultural and economic dimension of 
science in their fields of specialization. 

The second important event was his 
appointment as a counsellor, appointed 
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by the British Council in 1942 to extend 
Anglo-Chinese relations. As a counsel¬ 
lor he travelled extensively in China, 
and brought out photographs and a sort 
of commentary on the contemporary 
developments in the science and tech¬ 
nology in China. This was published in 
1945 as Chinese Science. Thus began 
his appreciation of communist China. 

There is a photograph, no. 48, in this 
book with Joseph on a donkey, along 
with three Chinese on an edge of the 
desert city of Yuchyachuan. I am told 
that here his party was attacked by 
bandits. While the Chinese despaired of 
their and Joseph’s life. Joseph got down 
from his donkey and did a Scottish 
dance, seeing that, the leader of the 
bandit got down from his donkey and 
did a dance, after which both the parties 
went their way. 

The book gives a bird’s eye view of 
the organisation and development of 
scientific research of free China, provid¬ 
ing historical insights. In discussing 
these developments his horizon was not 
limited. For instance, talking of cave 
temples of Chienfutung he compares 
them with the caves of Ellora and 
Ajanta in India. 

Joseph had wide-ranging interests on 
nearly every aspect of human intellec¬ 
tual, social, cultural and political ac¬ 
tivities, and he comments on these with 
his erudition. In his own words he was, 
a ‘prowler and explorer among ideas’. 
He had his views on science, philoso¬ 
phy, religion, arts, history, but what was 
significant about these views was that 
he was always modifying them and 
evolving his ideas about them in the 
light of new knowledge. For instance, 
talking of science and religion he says 
that his earlier description of science 
was rather too narrow and the descrip¬ 
tion of religion certainly much too neo¬ 
platonic, idealistic, pietistic and other¬ 
worldly*. 

Joseph was deeply concerned with the 
rise of Hitler and its consequences on 
science. He delivered a lecture at 
Cornell University in 1940 in which he 
described its consequences on interna¬ 
tional science. In doing so he drew upon 
the historical development of science, to 
show that Nazi’s attempt ran counter to 
the scientific tradition^. An interesting 


feature of the lecture he showed through 
statistical data the decline of science in 
Germany as was evident from publica¬ 
tion of papers. He also produced data on 
scientists of established reputation, who 
were exiled from Germany, Austria, 
Czechoslovakia and Italy, In most of his 
articles, lectures and talks, he touched 
upon historical, social, cultural, politi¬ 
cal and philosophical features, and also 
compared the developments with non- 
European culture areas. His systematic 
approach to the study of problem is 
brought out in his essay: ‘Limiting 
Factors in the History of Science’. It 
covers nearly every possible dimension 
starting from the relation of the investi¬ 
gator to his environment, co-operation 
of investigators, techniques and balance 
between observation, experiment and 
speculation. 

Apart from being a great scholar, he 
was, what is now being termed, an activ¬ 
ist. He was involved in controversies of 
the period, as those with A. V. Hill and 
Michael Polyani on the nature of sci¬ 
ence and role of scientists. He was also 
involved in a Committee which exam¬ 
ined the germ warfare in Korea, and 
other causes involving injustice, or he- 
gemonistic politics. 

He was greatly concerned with one 
question, one of ‘the deepest historical 
questions that can be raised’. Why did 
the body of systematized knowledge and 
theory about nature which we call science 
not develop also in India or China?^ 

Later, writing a new foreword to the 
papers presented at the Second Interna¬ 
tional Congress on the History of Sci¬ 
ence and Technology (1931) to the sec¬ 
ond edition published in 1971 he wrote; 
‘With the appearance on the scene of 
intensive studies of mathematics, sci¬ 
ence, technology and medicine in the 
great non-European civilizations, debate 
is likely to sharpen, for the failure of 
China and India to give rise to distinc¬ 
tively modern science while being ahead 
of Europe for 14 previous centuries is 
going to take some explaining.’ 

While he concentrated on writing the 
history of science in China, he encour¬ 
aged scholars in India, as well as those 
in Islamic Culture area, to write histo¬ 
ries of science in these countries. Writ¬ 
ing to the then secretary of the National 
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Institute of Science of India (now Indian 
National Science Academy) in 1954 
March he wrote, ‘I am profoundly con¬ 
vinced (with Dr. Hora) that urgent steps 
must be taken to put the whole subject 
of the history of science and technology 
in India on a proper basis, furthermore 
that the later history is perhaps the more 
promising to start with, pending for the 
historical researches into the datings of 
texts of antiquity.’ 

Six years before his death he had or¬ 
ganized a conference, which represented 
his perspective on non-European socie¬ 
ties and scientific developments. Ex¬ 
plaining the purpose of this Conference 
on The Historical Dynamics of Oriental 
Societies, he wrote to the Secretary of 
Commonwealth Science Council on 15 
May 1984: 'The conference is meant to 
involve a multisided discussion aimed at 
bringing about greater and more realis¬ 
tic understanding of the specificity of 
the histories of societies such as China, 
India, Japan and the Islamic world’. 

While Needham worked and pub¬ 
lished his books on ‘Science and Civili¬ 
zation in China’, covering nearly all the 
different branches of science and tech¬ 
nology, along with their social and 
philosophical dimensions, he gave ref¬ 
erences to the contemporary develop¬ 
ments in Asia, as well as in Europe. For 
instance, in the second volume on the 
association between nature-mysticism 
and science he dealt with European 
linkages, as well as China, the Islamic 
world and India (pp. 94-99). In his dis¬ 


cussions on Sufism and science in the 
Islamic world he brought out the social 
features as well. In mentioning the role 
of Qaramatians he mentions: ‘That an 
alliance of this kind should have existed 
between the mystical scientists and the 
organized workers is not the least sur¬ 
prising. Since, as cannot be too often 
repeated, the great cleavage lay between 
those who were prepared to engage in 
manual operations and those who con¬ 
sidered them unworthy of a gentleman. 
Between techniques and magical recipes 
there was no wide gap’ (Vol. II, pp. 96). 

He was the first person to recognize 
the division between natural Sufism and 
esoteric Sufism. The reason for the lat¬ 
ter lay in the power of the governing 
elite in the suppression of unorthodox 
beliefs, turning the mystical system into 
purely religious and unworldly forms. 
This happened to Sufism in India. 

There are many aspects of his per¬ 
sonality which are revealed in various 
incidents of his life. Two or three are 
worth recalling. 

Joseph was the Chairman of a 
Committee for the development of a 
university in Sri Lanka, one of the 
members of this Committee was Mr. 
Chatterjee, the then Vice Chancellor of 
the Rajasthan University, Jaipur. Joseph 
had asked me to meet him in Jaipur. 1 
called on him and he started discussing 
with me a few points regarding the his¬ 
tory of science in India, while we were 
discussing, the Vice Chancellor came 
reminding him about the meeting with 




the Governor. Joseph got up, went to his 
room and brought a few books for me to 
go through. The Vice Chancellor, seeing 
him carrying the load of books re¬ 
marked, ‘There are always servants to 
carry things for you’. Joseph retorted, ‘I 
never do that sort of thing’. 

While Joseph was master of Gonville 
& Caius College, he invited me to tea. 
When I went there, there was no light. 
Thinking that he was not there, I 
switched on the light and found Joseph 
deep in thought. I apologized for dis¬ 
turbing him, in his thinking. His re- 
ponse was, ‘I was not thinking, but was 
only rearranging my prejudices.’ 

Another lesson I got from him was 
when he gave me a book to read on cru¬ 
sades. I had read in my childhood a 
book on crusades in Urdu, where Mus¬ 
lims were believers and Christians were 
infidels. Muslims were brave, generous 
and great fighters while Christians were 
just the opposite. The book in English 
painted the picture in the opposite - 
Muslims were infidels, weak, and not 
brave!! 

As I remember him I am reminded of 
an Urdu couplet: 

‘You who are now going away, you 
would be long remembered.’ 

A. Rahman 

Tower A, Flat 30, 

Zakir Bagh, M. M. AH Road, 

New Delhi 110 025, India. 
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Subrahmanyan Chandrasekhar 


R. Nityananda 

Subrahmanyan Chandrasekhar, the as¬ 
trophysicist, died on 21 August 1995 at 
Chicago, where he had worked at the 
University for the last fifty-eight years. 
He would have turned eighty-five on the 
19 of October this year. His last book, 
Newton’s Principia for the Common 
Reader, had just been published by the 
Oxford University Press, the product of 
his dedicated studies over the last sev¬ 
eral years. He was in the process of 
preparing for a lecture and thus died as 
he always lived - working. 

His career can be summarized simply 
enough — an Honours degree in physics 
at the Presidency College, Madras 
(1926-1929), a doctorate (1930-1933) 
followed by a fellowship (1933-1937) 
at Cambridge University in England, 
then a move across the Atlantic-to the 
Astronomy Department at the University 
of Chicago, which was located at that 
time at Yerkes Observatory, about a 
hundred miles from the city. He married 
his college classmate Lalitha, who sur¬ 
vives him, in 1936. His positions at the 
University started with a research asso- 
ciateship and culminated in the Morton 
D. Hull Distinguished Service Profes¬ 
sorship, which he held from 1952 till he 
relinquished it in 1986 because ‘it is 
better to leave when everybody asks 
“Why are you leaving?” than to stay 
while everybody wonders “When is this 
guy thinking of retiring?”’. 

The list of his scientific contributions 
makes clear why Chandrasekhar was a 
legend in his own time. In 1930, fresh 
from his undergraduate degree, he 
combined the principles of quantum 
mechanics and special relativity to cal¬ 
culate the pressure of the electrons in 
white dwarf stars. The result was dra¬ 
matic - there was a maximum mass, 
roughly one-and-a-half times that of the 
sun, above which a sphere of cold mat¬ 
ter sustained only by electron pressure 
would continuously shrink under grav¬ 
ity, never finding any equilibrium con¬ 
figuration. There were indeed earlier 
papers which had noticed that these 
principles imply a maximum mass. A 
year later, Landau wrote a characteristi¬ 
cally brief paper which pointed out the 


existence of the limit, and went on to 
speculate, presciently about stars with 
the density of atomic nuclei, and incor¬ 
rectly about new physics - energy 
nonconservation - coming into play. 
Chandrasekhar’s work was distin¬ 
guished both by mathematical thor¬ 
oughness and a conviction that the re¬ 
sult was of fundamental importance. 
Strong conviction was badly needed, 
because Arthur Eddington, the Plumian 
Professor of Astronomy at the Univer¬ 
sity of Cambridge, ridiculed the final 
result as an absurdity, claiming that one 
of the starting assumptions was in error. 
Since Eddington could not pinpoint the 
error in a manner acceptable to physi- 



At the Golden Jubilee meeting of the 
Indian Academy of Sciences. 


cists (T think there should be a law of 
nature to prevent the star from behaving 
in this absurd way’), an impasse re¬ 
sulted which is hard to understand so 
many years later. The personal relation¬ 
ship between Chandrasekhar and Ed¬ 
dington seems to have continued in 
spite of these events, and he did spend 
some years in Cambridge after his doc¬ 
toral degree, though they could scarcely 
have been comfortable ones. The as¬ 
tronomy community, at least in the 
United States, seems to have reacted by 
accepting Chandrasekhar into its midst, 


without taking any stand on his remark¬ 
able result. His own reaction was 
probably the most remarkable and ulti¬ 
mately fruitful. He wrote his first book 
on stellar structure, an exposition of 
both existing knowledge and his new 
ideas. The style is so lofty and detached 
that the reader senses no hint of the 
skepticism and confusion then prevalent 
amongst astronomers. With this he bid 
goodbye to the controversy. The stand 
he had taken on the existence of a 
maximum mass - known to everyone 
else as the ‘Chandrasekhar limit’ - was 
ultimately vindicated by subsequent 
theory and observation. The award of 
the Nobel Prize of Physics in 1983 was 
primarily for this work. 

Around the year 1938, he commenced 
research in a new area, the dynamics of 
stars moving in clusters and galaxies 
under their mutual gravitational attrac¬ 
tion. The greatest strength of his work 
on stellar dynamics was the systematic 
calculation of the effects of ‘encounters’ 
between stars in a cluster - not physical 
collisions but random gravitational 
scattering by neighbours. He developed 
a parallel with the theory describing the 
Brownian motion of a colloidal particle 
in a fluid. En passant, he wrote the 
standard survey article on the latter 
subject as well, in the Reviews of Mod- 
ern Physics of 1943. Generations of 
theoretical physicists, not necessarily 
interested in stars, have learnt the basics 
of Brownian motion from this reference. 
The deepest consequence of this parallel 
was that, in spite of the apparent ran¬ 
domness of the scatterings, a star must 
experience a systematic effect tending to 
bias its velocity to the mean of its 
neighbours. His name for this effect- 
dynamical friction - is as much a part 
of the vocabulary of astrophysics as 
the Chandrasekhar limit. Such a pro¬ 
cess is now known to operate not only 
in clusters of stars but in much larger 
scale systems as well, e.g. in merging 
galaxies. 

The work on stellar dynamics ended 
around 1945-in this one instance he 
appears to have written his book, which 
appeared in 1942, before the picture was 
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complete. His grand strategy was now 
established. Five years of deep study 
and calculation and a book now fol¬ 
lowed, devoted to radiative transfer- 
the mathematics underlying the emis¬ 
sion, absorption, and scattering of pho¬ 
tons in the atmospheres of stars and the 
pattern of intensity and polarization 
which emerges to enter the telescopes of 
astronomers. Today, the problem in its 
most general and realistic form is at¬ 
tacked by massive computation. Even 
Chandrasekhar’s book begins with a 
discussion of numerical integration. But 
after this prosaic start comes a tour de 
force “ the nonlinear integrodifferential 
equations of the theory admit an exact 
solution in special cases, at least after 
persuasion by the master craftsman. 
This calculation gave him the greatest 
personal satisfaction, stemming not so 
much from impact as from its elegance. 

A fruitful physical idea underlies this 
achievement. While the outcome of the 
totality of the scattering process in a 
finite slab of material is usually compli¬ 
cated, the change in the outcome caused 
by adding one more thin layer can be 
expressed in a simpler form. This 
‘invariant embedding’ principle also 
carries with it the ‘principle of invari¬ 
ance’, When the slab is semi-infinite, 
addition of one more layer must reshuf¬ 
fle the individual photons in direction 
and polarization but leave the overall 
pattern of the radiation the same. 

A systematic study and exposition of 
hydrodynamic and hydromagnetic in¬ 
stability followed in the next decade, 
and his book on the subject (which has 
grown greatly since then) is still valued 
as a clear and readable introduction, 
especially to certain topics often used in 
astrophysics. He made incursions into 
plasma physics as well. But the next 
topic to which he turned his attention 
must have surprised everyone. It was 
the study of self-gravitating rotating 
masses of a fluid of uniform density. 
For one thing, the subject was very old, 
originating in Newton’s magisterial 
(Chandrasekhar’s phase) derivation of 
the figure of the earth. It had already 
attracted the attention of mathematicians 
like Jacobi, Riemann, Dedekind and 
Poincare, to name but a few. Chandra¬ 
sekhar could see that all was not well 
here, and in extensive work with 
Lebowitz, unified and cleared up many 
aspects, simplifying the mathematics 
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and deriving new results on the way. 
The achievement was distilled as usual 
into a book, Ellipsoidal Figures of 
Equilibrium. This severely classical area 
acquired unexpected relevance with the 
discovery in 1967 of radio pulsars, 
which were soon confirmed to be rap¬ 
idly rotating neutron stars. Since dissi¬ 
pation has a subtle effect on the insta¬ 
bilities of these objects, he was led to 
include in his studies a form of dissipa¬ 
tion caused entirely by an effect of gen¬ 
eral relativity - the emission of gravita¬ 
tional waves. The electrodynamic ana¬ 
logue is the extra resistance encountered 
when a charge is accelerated, originat¬ 
ing in the loss of energy by radiation. 
This effect was known from the time of 
Lorentz, but the gravitational analogue, 
in spite of work by many people - 
Einstein, Eddington, Landau and Lif- 
shitz - was riddled with conceptual and 
mathematical difficulties. A series of 
papers by Chandrasekhar and his stu¬ 
dents showed the way by developing the 
so-called ‘Post-Newtonian theory’ and 
deriving, systematically, the gravita¬ 
tional analogue of the Lorentz formula 
for radiation reaction. In the same pe¬ 
riod, he also discovered an instability of 
stars against radial pulsation, again a 
problem where general relativity made a 
qualitative change. A well-known astro¬ 
physicist has remarked that the work of 
this period could well have become the 
content of another classic book. But 
such a book was never written because 
by this time the author had now come 
fully under the spell of Einstein’s theory 


of gravitation, and^ in particular the 
black holes, which'^are an inescapable 
consequence of that theory (and also his 
own work on the limiting mass). Unlike 
on earlier occasions, he was a compara¬ 
tively late entrant into the area. A whole 
band of ‘relativistic astrophysicists’, 
most of them half his age, were already 
using pencil, paper, and computer to 
perturb black holes, scatter all kinds of 
waves off them, immerse them in exter¬ 
nal fields, and investigate their proper¬ 
ties and stability. The year 1974 brought 
a heart attack and ultimately major sur¬ 
gery was recommended. He consciously 
put this off till the fall of 1977 so that 
he could finish a set of papers on the 
Kerr solution describing rotating black 
holes. One of his students has remarked 
that every complication envisaged by 
medical textbooks occurred after the 
operation! It is a measure of his inner 
strength that he recovered to commence 
writing The Mathematical Theory of 
Black Holes, This book appeared in 
1983 and has a rather different character 
from its predecessors. It represents his 
personal efforts to present results in the 
area (including, of course, many of his 
own) in a framework which appealed to 
his own sense of scientific style. Even 
after all his efforts to find rational and 
simple ways of doing things, literally 
hundreds of pages of calculations had to 
be deposited into archives for scholars 
of the future. The stability of the Kerr- 
solution could not be fully pinned 
down. Many things can and have been 
said of his writings starting from.this 
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period. Understandably, he no longer 
found the time and energy to go through 
all the voluminous literature, and per¬ 
haps even the proofreading was not as 
meticulous as before. The problems 
investigated could border on the ex¬ 
otic - e.g. two black holes connected by 
a cosmic string! He himself cheerfully 
described this apparent retreat from the 
astrophysically relevant as ‘downhill, all 
the way down’. But to focus on these 
aspects alone would be to miss the basic 
point ~ he had done more ‘relevant’ 
work than all the critics combined, and 
was now following where his mathe¬ 
matical and aesthetic instincts led him. 
What was truly remarkable was the 
spirit in which all this work was done, 
which can only be described as youthful 
exuberance. Consider his paper on the 
complicated wave equations describing 
the motion of a spinning electron in the 
gravitational field of a rotating black 
hole. From the time of Euler, the mark 
of a mathematical physicist has been the 
ability to ‘separate’ such multidimen¬ 
sional problems by reducing them to 
one-dimensional components. This is 
because there is no standard route or 
guarantee of success. Many people in 
the field would have been happy to 
separate the Dirac equation in the Kerr 
spacetime, but Chandrasekhar started 
and finished the calculation on the same 
evening! In this phase, he would fly to 
Houston for a day or stop over at Crete 
or Rome for a week to discuss his latest 
ideas with his friends and collaborators. 

A young postdoctoral fellow arrived 
unexpectedly in the same week as when 
his Nobel Prize was announced. Who 
else could have got down to work never¬ 
theless and had the first manuscript on 
colliding gravitational waves almost 
ready in two weeks? His last book, in 
which he undertook to read Newton’s 
Principia from the point of view of a 
mathematical physicist rather than a 
Latin scholar, again bears the strong 
stamp of being guided by personal taste 
and satisfaction. His lectures on this 


subject conveyed vividly the sense of 
wonder and awe that reading Newton in 
the original gave him. 

There is so much that can be said of 
his scientific achievements (many have 
been omitted above!) and style that 
there is a real danger of missing other 
contributions. During his watchful and 
uncompromising editorship, lasting 
nearly two decades, the Astrophysical 
Journal grew from near-provincial to 
international stature. His teaching and 
his supervision of research students 
were legendary. Even though he had 
collaborated with the likes of von Neu¬ 
mann (on stellar dynamics) and Fermi 
(on galactic magnetic fields), he always 
said his deepest satisfaction came from 
interactions with students and younger 
colleagues. Many of these matters, in¬ 
cluding his austere lifestyle and deep 
literary and musical interests, have been 
extensively documented by Kameshwar 
Wali in a biography entitled Chandra (the 
name by which Chandrasekhar was widely 
known but which this Indian pen finds too 
familiar to use comfortably). 

A topic of special interest would be 
his relationship with two countries - 
India, where he was born and spent his 
formative years, and the USA, where he 
grew to world stature. It is often felt 
that here is a clear case of a person not 
finding proper conditions and recogni¬ 
tion in his own country. His anguish 
when he felt that a good person in India 
was not given his due, or with the 
growth of hierarchy and bureaucracy in 
the Indian scientific establishment, has 
been well documented, for example in 
Wall’s book. Yet his relationship with 
India does not end there. He was a 
founding Fellow of the Indian Academy 
of Sciences at the age of 24, and had an 
offer to work at the Indian Institute of 
Science after his stay in England. A 
serious effort was made to bring him to 
India as the Director of the (then) Ko- 
daikanal Observatory, and he seems to 
have treated it with equal seriousness 
before declining. He retained his Indian 


citizenship till 1953. On visits to Banga¬ 
lore in the seventies and eighties, he not 
only willingly and enthusiastically de¬ 
livered lectures but also spent time 
talking to students and young research¬ 
ers, offering comments and reactions in 
his inimitable style. In these encounters, 
one could detect no trace of the alienation,' 
cynicism or bitterness that some would 
ascribe to him. Culturally, he had deep 
affinities with India, as he has recorded in 
a little known essay ‘on being a foreigner’. 

Coming to the American side of the 
coin, the current wave of adulation 
launched by the Nobel Prize is not typi¬ 
cal of the reactions to him in earlier 
years, when recognition was slow in 
coming and hard-won. An authoritative 
collection of classic and influential pa¬ 
pers in astrophysics edited in 1979 
managed not to include a single one by 
him. Perhaps this atmosphere which he 
encountered in his early years might 
even have spurred him to new heights of 
labour and achievement. This is not the 
place to draw any firm conclusion about 
the complex feelings that he must have 
had for both nations, but one can cer¬ 
tainly discount the more simplistic view 
of the matter that is usually propagated. 

In any case, when one looks at the totality 
of the work, the manner in which it was 
carried out, and the impact on colleagues, 
students, and even people who encoun¬ 
tered him just a few times, questions of 
nationality seem to fade into insignifi¬ 
cance. What will remain is the memory 
and the legacy of a man who never stopped 
learning, thinking and working throughout 
a long life, and was driven both by his 
sense of what was right and what was 
beautiful to heights that very few will ever 
attain. 


R. Nityananda' 


Raman Research Institute, 
Bangalore 560 080, India. 
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On Ramanujan’s bust* 

S. Chandrasekhar^ 


Ramanujan was elected a Fellow of the 
Society in 1918 and he died in 1920, 
slightly more than a year after his return 
to India in 1919. The story of how a 
bust of one who had died in 1920 came 
to be made 60 years later is of some 
interest; and I hope that it is proper to 
tell that story on this occasion. 

In his biographical note for Ramanu¬ 
jan {Proceedings of the Royal Society, 
A99, xiii-xxix), G. H. Hardy wrote: 

‘It was his insight into algebraical for¬ 
mulae, transformation of infinite series, 
and so forth, that was most amazing. On 
this side most certainly I have never met 
his equal, and I can compare him only 
with Euler or Jacobi. He worked, far 
more than the majority of modern 
mathematicians, by induction from nu¬ 
merical examples: all his congruence 
properties of partitions, for example, 
were discovered in this way. But with 
his memory, his patience, and his power 
of calculation he combined a power of 
generalisation, a feeling for form, and a 
capacity for rapid modification of his 
hypotheses, that were often really star¬ 
tling, and made him, in his own peculiar 
field, without a rival in his day.’ 

In his lectures on ‘Ramanujan’ at the 
Harvard Tercentenary Conference of Arts 
and Sciences in 1936, Hardy reassessed 
what he had written in 1921 as follows: 

‘I do not think now that this extremely 
strong language is extravagant. It is 
possible that the great days of formulae 
are finished, and that Ramanujan ought 
to have been born 100 years ago; but he 
was by far the greatest formalist of his 
time. There have been a good many 
more important, and I suppose one must 
say greater, mathematicians than Ra¬ 
manujan during the last fifty years, but 
no one who could stand up to him 


Reprinted with permission from Notes and 
Records of the Royal Society of London, 
Volume 49, Number 1, January 1995. 
© 1995 The Royal Society. 

*Remarks made by the author on the occa¬ 
sion of presenting the bust of Ramanujan to 
the Royal Society on 11 May 1994. 
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on his own ground. Playing the game of 
which he knew the rules, he could give 
any mathematician in the world fifteen.’ 

In more recent times Ramanujan’s 
reputation has been enhanced consid¬ 
erably. For example, the slight overtone 
of criticism implied in Hardy’s remark 
‘the great days of formulae are finished’ 
has been countered by ‘the days of great 
formulae are not finished’. With respect 
to the fall and rise of Ramanujan’s 
reputation, Bruce Berndt (the author of 
five volumes of ‘Ramanujan’s Note¬ 
books’) has compared him to Johann 
Sebastian Bach, who remained largely 
unknown for years after his death in 
1750. For Bach, the big turnaround 
came on 11 March 1829 with Felix 
Mendelssohn’s performance of the St 
Matthew Passion. For Ramanujan, the 
roughly analogous event was George 
Andrew’s discovery of the ‘Lost Note¬ 
book’ in 1976. 

And what is this ‘Lost Notebook’? 

G. N. Watson had worked on Ra¬ 
manujan’s papers for many years before 
World War II. When Watson died in . 
1965, The Royal Society asked J, M. 
Whittaker (the son of E. T. Whittaker) 
to write Watson’s Biographical Memoir. 
For that purpose, Whittaker had asked 
Mrs Watson whether he could examine 
the papers that Watson might have left 
in his study. There, in Watson’s study, 
as Whittaker recalled: 

papers covered the floor of a fair 
sized room to a depth of about a foot, 
all jumbled together, and were to be 
incinerated in a few days. One could 
only make lucky dips [into the rubble] 
and, as Watson never threw away any¬ 
thing, the result might be a sheet of 
mathematics but more probably a re¬ 
ceipted bill or a draft of his income tax 
return for 1923. By an extraordinary 
stroke of luck one of my dips brought 
up the Ramanujan material.’ 

This ‘material’, of some 87 loose 
sheets, was part of a batch of papers 
Dewsbury (the Registrar at the Univer¬ 
sity of Madras during the years 1909- 
1924) had sent to Hardy in 1923 and 
that had, somehow, wound up with Wat¬ 
son. After his ‘lucky dip’, Whittaker 


passed them on to Robert Rankin 
(Watson’s successor in Birmingham), 
who in 1968 handed the 87 loose sheets 
mentioned, together with other unpub¬ 
lished material, to Trinity College, 
Cambridge. 

And there it lay in the Trinity archives 
without anyone’s knowledge till George 
Andrews rescued it. George Andrews, 
who had worked on problems related to 
‘mock theta functions’ the subject of 
Ramanujan’s last letter to Hardy a few 
months before he died, came to Cam¬ 
bridge to explore if an> related material 
was available in the Trinity archives. He 
was thrilled and excited by what he dis¬ 
covered in the 87 loose sheets deposited 
in the Archives by Rankin. 

Andrews told me, at a later time, that 
when he presented a paper on the “Lost 
Notebook” at a meeting of the American 
Mathematical Society, Dr Olga Taussky- 
Todd, who was chairing the session, said 
‘The discovery of the “Lost Notebook” is 
as sensational a discovery for the mathe¬ 
maticians as a complete draft of a tenth 
symphony of Beethoven would have been 
to the musicians’. 

Let me continue with what Richard 
Askey has written in this connection: 

‘These pages [of the Lost Notebook] are 
not dated, but from internal evidence they 
were written late in Ramanujan’s life, 
much of it in his last year. Two thirds of 
the pages deal with basic hypergeometric 
series and most of this work is signitl- 
cantly deeper than Ramanujan’s earlier 
work on the same subject. Try to imagine 
the quality of Ramanujan’s mind, one 
which drove him to work unceasingly 
while deathly ill, and one great enough to 
grow deeper while his body became 
weaker. I stand in awe of his accom¬ 
plishments; understanding is beyond me. 
We would admire any mathematician 
whose life’s work was half of what Ra¬ 
manujan found in the last year of his life 
while he was dying.’ 

‘Some of Ramanujan’s work has one 
quality which is shared by very little 
other work. Most mathematics, includ¬ 
ing some very good work, is predict¬ 
able. Much of the rest seems inevitable 
after it is understood, and it would 


CURRENT SCIENCE, VOL. 69, NO. 6, 25 SEPTEMBER 1995 


557 



HISTORICAL COMMENTARY AND NOTES 


eventually be discovered by someone 
else. Little of Ramanujan’s work seems 
predictable at first glance and after we 
understand it there is still a fairly large 
body of work about which it would be 
safe to predict that it would not be 
rediscovered by anyone who has lived 
in this century. Then there are some of 
the formulas Ramanujan found that no 
one understands or can prove. We 
will probably never understand how 
Ramanujan found them.’ 

Let me conclude this part of my story 
with a quotation from Freeman Dyson: 

‘The wonderful thing about Ramanujan 
is that he discovered so much, and yet 
he left so much more in his garden for 
other people to discover. For forty-four 
years I have intermittently come back to 
Ramanujan s garden; and every time 
when I come back, I find fresh flowers 
blooming.' 

1 now turn to the other strand of the 
story: how the bust came to be made. It 
begins with a letter of Hardy’s to me. 

Hardy was to give a series of 12 lec¬ 
tures on subjects suggested by Ramanu¬ 
jan’s life and work at the Harvard Ter¬ 
centenary Conference of Arts and Sci¬ 
ences in the autumn of 1936. In the 
spring of that year, Hardy told me that 
the only photograph of Ramanujan 
available at that time was the one of him 
in cap and gown, ‘which makes him 
look ridiculous’. And he asked me 
whether I would try to secure, on my 
next visit to India, a better photograph 
which he might include with the pub¬ 
lished version of his lectures. It hap¬ 
pened that I was in India that same year 
from July to October. I knew that Mrs 
Ramanujan was living somewhere in 
South India, and I tried to find where, at 
first without success. On the day before 
my departure for England in October 
1936, I traced Mrs Ramanujan to a 
house in Triplicane, Madras. I went to 
her house and found her living under 
extremely modest circumstances. I 
asked her if she had any photograph of 
Ramanujan which I might give to 
Hardy. She told me that the only one 
she had was the one in the passport 
which he had secured in London early 

I_ 

*Mrs Ramanujan died on 13 April 1994. She 
was 94. 

■^Since the original four an additional five 
have been acquired by other institutions, 
including the one in the Cambridge Mathe- 
matical Faculty Library. 


in 1919. I asked her for the passport and 
found that the photograph was suffi¬ 
ciently good (even after 17 years) for one 
to make a good negative and copies. It is 
this photograph that appears in Hardy’s 
book, Ramanujan, Twelve Lectures on 
Subjects Suggested by His Life and Work 
(Cambridge University Press, 1940). It is 
of interest to recall Hardy’s reaction to 
the photograph: ‘He looks rather ill (and 
no doubt, he was very ill): but he looks 
all over the genius that he was.’ 

The rest of the story as told by Rich¬ 
ard Askey: 

'The story of the thread from the “Lost 
Notebook” to the bust is simple. 
Andrews has done a lot of very deep 
work trying to understand what Ramanu¬ 
jan discovered. Eventually the New York 
Times heard about it and interviewed 
him. The Hindu followed with a more 
extensive interview, and also published 
an interview with Ramanujan’s widow, 
Janaki Ammal. She lamented the fact that 
a statue of Ramanujan had never been 
made, although one had been promised. 
Andrews sent me copies of these inter¬ 
views, and after a couple of months my 
subconscious finally got through to my 
conscious mind and it was clear that a 
bust should be made. Since Janaki Am¬ 
mal was 80, time was important*, so it 
was up to individuals rather than gov¬ 
ernments or societies, since institutions 
move slowly. My first reason for wanting 
a bust was simple: if Ramanujan’s widow 
wanted one, she should have it. That was 
the least we could do to show our appre¬ 
ciation of Ramanujan to someone who 
had been a great help to him.’ 

Later I realized there was a second 
reason, which Janaki Ammal must have 
realized all along. She knew Ramanu¬ 
jan, and while she did not understand 
his mathematics, she knew that he was 
one of the few whose work will last. As 
long as people do mathematics, some of 
Ramanujan's work will be appreciated. 

In Ramanujan’s case a more permanent 
memorial is appropriate; one which can 
be appreciated by those who do not 
understand his mathematics should be 
added to the memorial Ramanujan made 
for himself with his work.’ 

From the desire to the accomplish¬ 
ment is a long way. 

1. A likeness of Ramanujan had to be 
found. It was provided by the original of 


the photograph that is the frontispiece in 
Hardy’s book on Ramanujan. 

2. A sculptor who would accept the 
challenge of making a three-dimensional 
bust from a two-dimensional photograph. 
Askey found such a sculptor of distinc¬ 
tion in Paul T. Granlund of Gustavus 
College, Saint Peter, Minnesota, USA. 

3. A minimum of four busts had to be 

commissioned. Askey obtained enough 
funds by donations from the interna¬ 
tional community of mathematicians for 
one bust to be presented to Mrs Ra¬ 
manujan (which it was in the autumn of 
1983). Askey acquired one; and my'wife 
and I two^. 

That was how the bust that you see 
came to be made. And as Askey has said: 

‘While Granlund does not appreciate 
Ramanujan’s mathematics as those of us 
who have studied it do, he studied Ra¬ 
manujan’s passport photo deeply, and 
the results show in the bust. He proba¬ 
bly understands some things about Ra¬ 
manujan that we do not.’ 

May I now present the bust of Srini¬ 
vasa Ramanujan to President Sir Mi¬ 
chael Atiyah for his gracious acceptance 
on behalf of the Royal Society. 
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ORISSA BIGYAN ACADCMY 

SAMANTA CHANDRA SEKHAR AWARD FOR 1994 

(For Oriya Scientists Working Outside Orissa) 

The Government of Orissa, Department of Science and Technology, has instituted one Samanta Chandra 
Sekhar (SCS) Award to be given each year for outstanding research contributions, during the five years 
preceding the award year, by Oriya scientists working outside the State of Orissa, in any area of (1) 
physical sciences (2) life sciences or (3) engineering and technology. Persons to be eligible for 
consideration for this award (a) should be Oriya by birth or domicile, (b) should have passed at least one 
of the following examinations from any recognized Institution/Board/University in Orissa: 

(i) Higher Secondary 

(ii) Graduate degree in any branch of science, engineering or technology, 

(iii) Postgraduate degree in any branch of science, engineering or technology. 

The value of the award is’ Rs 15,000.00 (Rupees fifteen thousand only) and this is to be awarded 
through the Orissa Bigyan Academy. Nominations for this award for the Year 1994 are invited from Heads 
of Research Institutions/Laboratories/Universities/Colleges/Heads of concerned PG Departments in 
Universities or Colleges in public or private sector, inside/outside the State of Orissa and from SCS Award 
winners. Nominations from other responsible citizens/government departments may also be considered 
subject to their acceptance by the Executive Council of the Academy. Five copies of the duly filled-in 
nomination proforma, along with other particulars stated therein, are to be sent to the Secretary, Orissa 
Bigyan Academy Type-4R/25, Unit-IX(F), Bhubaneswar 751 007, Orissa (India). The undersigned may 
please be contacted either by post or in person for obtaining nomination proforma and other particulars. 
The last date for receiving nominations for this award is 30 December 1995. 

Secretary, 

Orissa Bigyan Academy 
Type-4R/25, Unit-IX(F), 

Bhubaneswar 751 007, Tel: 413468. 


COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH 

NEW DELHI, INDIA. 

Advt. No. 8/95 

Position: Director, Central Road Research Institute (CRRl), New Delhi 

CSIR, the premier agency established by the Govt, of India to undertake scientific and industrial research 
in the country, is looking for suitable scientist/technologist for the post of Director for its Central Road 
Research Institute (CRRI), New Delhi. The Institute conducts basic and applied research in the areas of 
highway engineering and allied subjects, provides know-how for improved and economical methods for 
construction and maintenance of roads, runways, bridges, etc., and assists the highway user agencies 
through consultancy, contract research and training. Some of the major R&D programmes of the institute 
relate to pavement design and performance, road condition monitoring, pavement deterioration modelling, 
landslide management, hazard mitigation and improved transportation planning for urban areas. In addition, 
applied research on planning and engineering of rural roads, highway instrumentation, traffic engineering, 
roads safety and environmental problems form an integral part of the R&D programmes of the Institute. 

The post carries the pay scale of Rs 5900-200-7300 plus allowances as admissible to Central Govt, 
officials. Consultancy is permitted without any ceiling on the annual consultancy remuneration. The 
appointment to the post will be on contract for a period of six years or superannuation, whichever is earlier. 

For further details, please contact the Director-General, CSIR, Rafi Marg, New Delhi 110 001 (India) 
(Fax: 3710618. Telex: 031-65202 CSIR IN, 031-66147 CSIR IN, Gram: CONSEARCH, NEW DELHI). 
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SEI^C Winter Schccl cn Databases, Numerical Aiethcds 
and Ccmputer Modellina in Modern Approach 
to Detrolofiy (NMCMD-III) 

A Winter School on the above subject will be held from 2 to 22 January 1996 at the 
Department of Earth & Planetary Sciences, University of Allahabad, Allahabad. The 
NMCMP-III will be directed towards teaching/demonstration of laboratory techniques in 
experimental petrology, and application of mathematical and computer principles in 
igneous petrology. Broadly, the course content will include: classification, chemical 
variation, and structural control of igneous rocks; texture of igneous rocks; phase equilibria 
relations; petrochemistry of the crust, mantle and core, mantle dynamics; magma: its 
physical and chemical properties; process of magma generation; diversity of igneous 
rocks - isotopes and REE-modelling and ore genesis in magmatic systems. 

The course is open to university/college teachers, research scholars, scientists of 
research institutions/professional organizations up to 35 years of age. For details of the 
course and the application form please write to: 

pro/, fllok. K. Gupta, 

Course Director (NMCMP-III), 

Department of Earth & Planetary Sciences, 

University of Allahabad, 

14, Chathem Lines, 

Allahabad 211 002. 

The last date for submission of application is 15 November 1995. 
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In this issue 


Dynamics of the Indian 
population: Changes in 
fertUity patterns 

Lidia has emerged as the largest pro¬ 
ducer of human beings - more addi¬ 
tions per year than any other country 
in the world (including China). The 
need to cut down this rate has been 
felt very strongly for more than half 
a century, and over Rs 5500 crores 
have been spent on the family plan¬ 
ning programme (as of 1990). Para¬ 
doxically (dr, to be cynical, expect¬ 
edly), the annual growth rate of 
1.97% seen in 1991 is, if anything, 
marginally higher than the 1.96% 
seen during 1951-61! Is the situa¬ 
tion really as dismal as it appears 
to be? 

A critical analysis of the numbers 
behind these numbers, described by 
K. Srinivasan in his article on page 
577 of this issue, however, reveals 
some very positive aspects. The net 
growth rate is the difference between 
the death rate and the birth rate, and 
though the difference has remained 
unchanged, both these rates have 
substantially decreased. Secondly, 
the fertility rate - average number 
of children bom per woman - has 
shown a more pronounced decrease, 
especially in recent years. 

The fertility rate is influenced by a 
number of social, economic, 
cultural and demographic factors, 
and this article examines three of the 
important ones - infant mortality, 
female literacy and contraceptive 
use. Multivariate analysis of state- 
wise data across decades consistent¬ 
ly shows the female literacy rate to 
be the dominant factor. Quantita¬ 
tively, a 20% increase in female lit¬ 


eracy is expected to decrease the 
fertility rate by one child. 

What of the future? The article 
also attempts to project the fertility 
rates for the next two decades using 
several alternative scenarios. The 
good news is that a (highly desir¬ 
able) fertility rate of 2.0 is quite 
likely to be attained. See page 577 
for the rationale behind this opti¬ 
mism. 

N. V.Joshi 

Fungus that feeds on petrol 

Brick-biting, blade-chewing and 
automobile-consuming people have 
made news too frequently; we have 
also heard of those who develop a 
strong addiction to the odour of petrol 
and kerosene. But it is rare to hear 
of organisms that ‘drink’ petrol for 
their energy needs. J. Savitha and 
C. V. Subramanian from the Centre 
for the Advanced Study in Botany at 
the University of Madras, report of 
a strain of fungus that does exact¬ 
ly this (page 596 - 600). About ten 
years ago, this group isolated from 
the effluents of the Madras Oil Re¬ 
fineries, a strain of Aspergillusflavus 
that degrades the hydrocarbons in 
cmde oil. This organism obviously, 
is potentially useful in cleaning up 
the ecosystems that are polluted with 
the cmde oil from the industrial ef¬ 
fluents or from the oil sleaks in the 
ocean. 

Such organisms, both fungi and 
bacteria that live in the soil and 
aquatic systems enriched with cmde 
are being reported ever since the late 
sixties. Perhaps one of the most in¬ 
teresting among them is the isola¬ 
tion of two strains of Cladosporium 


resinae from the aircraft jet fuel 
systems by Cofone and his collea¬ 
gues at the University of Dayton, 
Ohio, USA. But some of the earlier 
reports did not clearly establish 
whether the fungi isolated from the 
oil-rich soils and marine ecosystems 
could indeed use and degrade the 
cmde oil on their own. It was sug¬ 
gested that the fungal mycelia might 
only help in penetrating the insolu¬ 
ble substance such as oil and in 
increasing the surface area for bac¬ 
terial attack. 

In the recent past, however, these 
doubts are swept aside and substan¬ 
tial evidence exists to indicate that 
the fungi indeed consume and de¬ 
grade the cmde oil from the polluted 
systems. Savitha’s group, besides 
adding another fungus to this list of 
oil-eating organisms, has also com¬ 
pared for the first time its enzyme 
activities when grown on glucose 
with that when grown on cmde pe¬ 
troleum oil. Their study shows that 
A. flavus growing on cmde oil ex¬ 
hibits 3 to 6-fold enhanced lipid lev¬ 
els with a significantly altered fatty 
acid profile. They also show that 
such enhanced lipids in the tissue 
are brought about by the altered ac¬ 
tivity in a set of enzymes that prob¬ 
ably facilitate the oxidation of al¬ 
kanes in the cmde oil. But what is the 
significance of such enhanced lipid 
levels? Is it merely a physiological 
consequence of ‘living’ in the oil or 
is it a physiological adaptation of 
overcoming the problems of over¬ 
consuming the oil? Clearly, the 
work by Savitha and her group opens 
up more interesting questions be¬ 
sides being potentially useful in ap¬ 
plied microbiology. 

K. N. Ganeshaiah 
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CORRESPONDENCE 

Assessment of research impact of engineering institutions 


The dictum ‘Garbage in: Garbage Out’ 
applies not only to computers but also 
generally to any creative process. Based 
on outdated, incomplete and questionable 
‘scientometric’ data of Nagpaul, Prathap 
(Curr. ScL, 1995, 68, 869) has drawn 
some misleading conclusions on assess¬ 
ment of research of major institutions in 
engineering during 1987-89. Prathap is 
obviously aware of the fact that ‘too little 
information is a dangerous thing’, but all 
the same he has gone ahead with his 
analytical exercise. 

Let us keep in mind that each engineer¬ 
ing institute has its unique features and 
contributions. We must compare apples 
with apples and not with oranges. Indian 
Institute of Science, Bangalore, is primari¬ 
ly a research institute. It has the largest 
faculty and the largest budget compared 
to the IITs, and its faculty has little or 
no teaching. Benaras Hindu University is 
the largest university in the country with 
all possible disciplines, including some 
engineering disciplines. Even the IITs, 
which have a lot in common (e.g. heavy 
emphasis on innovative teaching), have 
many distinctive features. The faculty 
strength varies from about 300 in IIT 
Kanpur to over 500 in IIT Delhi. The 
number of departments/centres varies from 
about 15 (Kanpur) to 27 (Kharagpur). 
Even among IITs, a comparison has to 
be made between comparable depart¬ 
ments/centres. And this comparison 
should include publications, Ph D/M Tech 
theses, consultancy projects, sponsored 
projects, industrial interaction, entre- 
preneural activities, etc. Besides conven¬ 
tional departments/centres, each IIT has 
some unique departments/centres. For ex¬ 
ample, Kharagpur has Departments of 
Mining Engineering, Naval Architecture 
and Ocean Engineering, Architecture and 
Planning, and Centres such as Cryogenic 
Engineering, Rubber Technology, Post- 


Table 1. Current Contents on Disc (CCOD) 



PCES 1994 

ETD 1994 

SBS 1994 

Total 

IITB 

107 

88 

4 

199 

IITD 

105 

164 

3 

272 

IITKAN 

100 

106 

0 

206 

IITKGP 

138 

154 

2 

294 

IITM 

108 

206 

2 

316 

Total 

558 

718 

11 

1287 


PCES May 1995 

ETD 1995 

SBS 1995 

Total 

IITB 

62 

67 

3 

132 

IITD 

70 

103 

3 

176 

IITKAN 

71 

82 

0 

153 

IITKGP 

61 

111 

2 

174 

IITM 

66 

99 

2 

167 

Total 

330 

462 

10 

802 


Physical, Chemical & Earth Sciences (PCES) 840 Journals 
Engineering Technology & Applied Science (ETD) 825 Journals 
Social & Behavioural Sciences (SBS) 1360 Journals 


Table 2. INSPEC 



1992 

1993 

1994 

Total 

IITB 

131 

142 

139 

412 

IITD 

240 

152 

247 

639 

IITKAN 

131 

125 

130 

386 

IITKGP 

214 

104 

205 

"523 

IITM 

227 

241 

223 

691 

Total 

943 

764 

944 

2651 

INSPEC Is 

the leading 

English-language abstracting and in- 

dexing service providing abstracts and source information from 

the world’s 

published literature on 

all aspects 

of physics, 

electronic and computing in approximately 4200 journals, 1000 

conferences 

, books, reports and dissertations, 

adding over 

250,000 records each year. 



Table 3. 

lEEE/IEE publications on 

DISC (2410 journals) 

1990-May 1995 

IITB 



82 


IITD 



153 


IITKAN 



38 


IITKGP 



121 


IITM 



72 


Total 



466 
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Harvest Technology, Aquaculture, 
Biotechnology, Reliability Engineering, 
etc. Each departments/centre in any IIT 
has its own R&D culture, which does 
not necessarily mean publications. Thus, 
some departments/centres have very few 
publications but have a very high reputa¬ 
tion of their R&D contributions to the 
industry and other public/private institu¬ 
tions. 

Tables 1-3 list comparative statistics 
of recent publications from the five IITs 
which are readily available in our 
Electronic Library and have been obtained 
from different sources: (1) Current Con¬ 
tents on Disc (CCOD), (2) INSPEC and 
(3) lEEE/IEE. Each source refers to a 
group of disciplines, as explained in the 
captions. Of these groups, the lEEE/IEE 
publication data are more meaningful for 
comparison since all IITs have comparable 
(though not same size) departments in 
the field. The data in these tables clearly 
contradict the conclusions of Nagpaul and 


Prathap and bnng out the eminent position 
of IIT Kharagpur among IITs. The need 
to do a systematic and in-depth analysis 
to arrive at ‘impact’ parameter is clear. 
Further, such an analysis should take into 
account other factors such as the number 
of Ph D’s in engineering/technology, num¬ 
ber of consultancy and sponsored projects 
and interactions with industry. Just to 
give a feeling of the numbers, HT Kharag¬ 
pur produces over 100 Ph D’s per year, 
undertakes about 200 projects worth over 
Rs LOO crore as consultancy fee and 
over Rs 6.00 crore as sponsored R&D 
projects. Besides, our 30 faculty members 
have established enterprises, based on 
their work, in our Technology Park. 

Finally, let me emphatically state my 
faith in critical assessment and account¬ 
ability of any institution. Indeed, if we 
do ever hope to see decent standards of 
R&D in our country, it will be possible 
only after we have learned to conduct 
impartial, objective and ruthless peer 


reviews by nongovernment organizations. 
Some belated steps taken by UGC and 
AICTE for accreditation of academic in¬ 
stitutions continue to be controversial. It 
is most unfortunate that our several 
Academies have failed to appreciate their 
responsibility to serve the country in this 
direction. What we need is fiercely in¬ 
dependent organizations such as those 
existing in USA and UK to examine the 
credentials of each department of an 
educational institute. We will reach 
maturity only that day when such an 
organization will undertake comprehen¬ 
sive analysis to publish publicly ‘grades’ 
earned by our academic departments and 
institutions. 


K. L. Chopra 

Indian Institute of Technology, 
Kharagpur 721 302, India. 


NEWS 

Report on the ‘International conference on symmetry methods in 
physics’ (ICSMP-95) 


The Vllth ICSMP-95, held at the 
Bogoliubov Laboratory for Theoretical 
Physics, Joint Institute for Nuclear Re¬ 
search, Dubna, from 10 to 16 July 1995, 
is the seventh conference in a series, the 
first five of which were organized by Yu 
A. Smorodinsky and the sixth was devoted 
to his memory. This conference was 
inaugurated by A. N. Sissakian (JINR), 
and D. V. Shirakov gave some statistical 
details about the Bogoliubov Laboratory 
of Theoretical Physics of JINR, where 
research is carried out in the areas of 
fields and particles, nuclear theory and 
theory of condensed matter. 

The first (40 min) Invited Talk was by 
H. D. Doebner (Germany), who spoke 
on ‘Infinite-dimensional symmetries and 
nonlinear physics’. There were in all 12 
Plenary Sessions in which 44 Invited 
Talks were presented, and 18 Parallel 
Sessions, in which 85 contributions (of 
30 or 20 min duration) were presented. 
From India, there were three invited 


speakers (the two authors of this report 
and M. Lakshmanan of the Bharathidasan 
University, Tiruchi). 

Broadly, the topics covered included 
the following: dynamical symmetries and 
integrable models; symmetry and non¬ 
linear phenomena; special functions and 
group representation theory; quantum 
algebras and groups; supersymmetry 
(SUSY) from quantum mechanics to 
elementary particles; gauge and conformal 
theories; symmetries in condensed-matter 
physics and statistical mechanics; geo¬ 
metric methods in quantum mechanics 
and quantum field theory; quantum optics 
and coherent states; and mathematical 
methods. 

In a review of the renormalization group 
(RG) method introduced 40 years ago by 
Peterman and Stuckelberg, Gell Mann 
and Low, and N. N. Bogoliubov, D. V. 
Shirakov (JINR) pointed out that this 
work led K. Wilson to apply RG method 
to critical phenomena in the 1970s and 


that recent analysis identifies the RG with 
functional self-similarity. In his invited 
talk ‘RG, solution symmetry and Lie 
group analysis’, Shirakov said that 
Wigner’s 1963 Nobel lecture traced the 
laws of Nature as derived from symmetry 
and invariance principles and these laws, 
in turn, explained physical phenomena. 
The Bogoliubov RG method adds to this 
scheme Lagrangian parameters and 
boundary parameters as inputs to the laws 
of Nature and the physical phenomenon 
respectively. 

P. Wintemitz (Canada) in his invited 
talk on ‘Continuous and discrete sym¬ 
metries of differential-difference equa¬ 
tions’ showed how the established Lie 
group analysis of ordinary differential 
equations (ODE) has been extended to 
the study of differential-difference equa¬ 
tions. The three different approaches to 
the Lie point symmetries of discrete equa¬ 
tions are beginning to converge and 
similar analysis of ly-difference equations 
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are being made; algorithms, techniques 
and computerization of these approaches 
are emerging. M. Lakshmanan (India) in 
his invited talk on ‘Lie symmetries of 
certain (2 + l)-dimensional soliton 
systems’ showed how the methodology 
of similarity reductions applied earlier to 
(1 + l)“dimensional problems has been ex¬ 
tended to several (2+ l)-dimensional sys¬ 
tems and that all the five cases considered 
have oo-dimensional Lie algebras but not 
all are of the Virasoro type. One of us 
(A.K.) in an invited talk on ‘Singular 
solutions of KdV and MKdV equations’ 
discussed the construction and properties 
of the positon and negaton solutions. Just 
like soliton solutions, these solutions also 
do not change their shape after scattering 
and in some cases there is not even a 
phase change. That the positon solutions 
are intimately related to ‘bound states in 
continuum’ was discovered in 1929 by 
von Neumann and Wigner. T. A. Weber 
(USA) in his contribution on ‘An extended 
Gel’fand-Levitan method’ presented a 
study of the resonances of perturbed von 
Neumann-Wigner potentials. 

A. J. Macfarlane’s (UK) contribution 
was on ‘Odd-dimensional fermionic phase 
space and SUSY’. He discussed the al¬ 
gebra of Dirac and Majorana fermions, 
and showed that fermionic SUSY on a 
manifold can be constructed. He discussed 
the case of SUSY with one real super¬ 
charge and the problem of a nonrelativistic 
particle with spin - 1/2 in a monopole 
field. S. Duran (Canada) discussed the 
generalization to ‘Fractional SUSY and 
quantum mechanics’, wherein the Hamil¬ 
tonian is expressed as H=Q^ (F = 2, 
3, .. .), where Q is the supercharge. G. 
Junker (Germany) discussed Witten’s 
model of SUSY quantum mechanics in 
his contribution on ‘SUSY and its 
quasiclassical approximation’. The lowest- 
order quasiclassical approximation is 
exact for shape-invariant potentials, and 
for others the resulting approximate 
spectra are sometimes better than the 
WKB approximation. M. Zonjil (Czecho¬ 
slovakia) presented ‘Two numerical 
aspects of SUSY in quantum mechanics’, 
establishing the numerical efficiency of 
using the Fade approximated superpoten¬ 
tials and the consequences of employing 
the superpotentials in certain nonvaria- 
tional treatments like the Hill determinant 
method. J. Casahorran (Spain) in his con¬ 
tribution on ‘Obtaining solvable potentials 
in the framework of SUSY quantum 


mechanics’ discussed the consequences 
of SUSY in the context of singular poten¬ 
tials. B. N. Zakhariev (JINR) discussed 
‘New situation in quantum mechanics (in¬ 
verse problem and SUSY approach)’, 
wherein he pointed out analytic methods 
to obtain new potentials whose spectrum 
and S-matrix are identical to a given 
potential except for the bound-state energy 
of one state. L. M. Tomilchik (Belarus) 
in his contribution on ‘SUSY Dirac os¬ 
cillator: Quantum and classical aspects’ 
discussed the connection between the 
properties of the Dirac and the classical 
oscillator in the nonrelativistic and 
ultrarelativistic limits. A. M. Shirakov 
(Russia) discussed in his contribution on 
‘Accidental degeneracy’ a situation when 
there is a degeneracy of levels in the 
quantum system that does not seem to 
correspond to any symmetry of the Hamil¬ 
tonian. As an illustration he offered ex¬ 
amples from the spectra of nonrigid 
spherical molecules. 

V. S. Varadarajan (USA) pointed out 
in his invited talk on ‘Quantum semi- 
classical groups’ that corresponding to 
each method of describing a Lie group 
a type of deformation is associated and 
that the Drinfeld—Jimbo deformations are 
topological algebras. He focused his atten¬ 
tion on arithmetic deformations in which 
real numbers are replaced by p-adic num¬ 
bers, the real field is replaced by the 
p-adic field and Hilbert spaces are over 
p-adic fields. In this scheme, conventional 
quantum mechanics is obtained as a limit 
of finite quantum mechanics. In his q- 
quantum mechanics, p-adic oscillators and 
p-adic Coulomb problems arise. The hope 
in (^-quantum mechanics is that the diver¬ 
gences of quantum electrodynamics and 
field theory will be ameliorated. However, 
deformation of space-time leads to viola¬ 
tion of causality, which is troublesome. 
M. Arik (Turkey) in his contribution on 
‘Quadratic ^-oscillators’ gave a formalism 
which gives as special cases all the well- 
known quadratic oscillators and, in par¬ 
ticular, he constructed homographic, 
squeezed, square root and chaotic 
^-oscillators. 

G. Rosensteel (USA) in his invited talk 
on ‘Galactic dynamics in the Siegel-half- 
plane’ models the dynamics of rotating 
galaxies by a Hamiltonian Lax system 
for which the phase space is a G-manifold 
with the Lie group G being either the 
noncompact Sp(«, R) or a maximal 
parabolic group GCM(/ 2 ). He showed that 


the dimensions n=l,2,3 correspond, 
respectively, to breathing mode oscilla¬ 
tions, planar rotations, and three-dimen¬ 
sional collective motion, and that the 
homogeneous GCM(3)-manifolds cor¬ 
respond to the Riemann ellipsoids. This 
work provides a group-theoretic setting 
for Chandrasekhar’s lucid exposition on 
Ellipsoidal Figures of Equilibrium (Yale 
University Press, 1969). The homo¬ 
geneous G-manifoId Sp(/ 2 , R)/U(/ 2 ), 

where U(n) is the maximal compact sub¬ 
group, was shown to be a classical com¬ 
plex domain diffeomorphic to the Siegai 
upper half-plane 5^. Equilibrium galactic 
radii were determined for Sj systems. 

J. P. Draayer (USA) in his contribution 
on ‘Modem applications of SU(3) sym¬ 
metry and its sp(3, R) extension in nuclear 
stmcture physics’ pointed out that the 
SU(3)/sp(6, R) applications started in 
1960 for light nuclei (A<40), extended 
to the transition region (40<A < 100) in 
the 1970s and after a lull in the 1980s 
picked up interest recently after the suc¬ 
cess of SU(3) applications to heavy nuclei 
(A> 100). He discussed some interesting 
recent work where the origin of pseudo¬ 
spin symmetry in heavy nuclei has-been 
related to chiral symmetry in nuclei. Su- 
perdeformed bands have been observed 
in the sp(6, R)SU(3)-> 80^(3). The 
pseudo SU(3) scheme has been applied 
to the study of double p decay of nuclei. 
D. Benatsos (Greece) in his contribution 
on ‘Quantum algebraic symmetries in 
nuclei and molecules’ discussed super- 
and hyper-deformations in nuclei and 
atomic clusters in terms of anisotropic 
harmonic oscillators with rational ratios 
of frequencies. I. Pavlichenkov (Russia) 
in his contribution on ‘Symmetrical bifur¬ 
cation in quantum rotational spectra’ con¬ 
sidered bifurcation in rotational spectra 
as a fundamental phenomenon existing 
in different systems involving different 
energy scales. Odd nuclei ^^^Yb and ^^^Yb 
show bifurcation, and Coriolis forces tend 
to align the bands. 

K. B. Wolf (Mexico) in his contribution 
on ‘Conformal optical systems’ pointed 
out that the most natural realization of 
conformal 80(4, 2) symmetry is found in 
optics. The Maxwell’s fish-eye, i.e. the 
optical system of a transparent medium 
with spherically symmetric refractive 
index, had the 80(4,2) Lie algebra of 
Poisson brackets. The ‘hyperbolic’ fish- 
eye has also been shown to be an optical 
system possessing conformal 80(4,2) 
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symmetry. He pointed out the analogy 
of the spherical fish-eye to the hydrogen 
atom problem. A. 1. Solomon (UK) dis¬ 
cussed the many variations of the suc¬ 
cessful exact mathematical model of 
Jaynes-Cummings, which treats a 
two-level atomic system. In his contribu¬ 
tion on ‘Jaynes-Cummings variants’, he 
detailed supersymmetric versions of the 
model and generalizations to the multi¬ 
level atomic and multiphoton systems. R. 
Me Dermott (UK) in his contribution on 
‘Coherent and squeezed states para¬ 
metrized by noncommutative variables’ 
detailed the group-theoretic and 
Robertson-Schrddinger uncertainty rela¬ 
tion approaches to coherent and squeezed 
states, discussed the properties of the 
unitary q-displacement Heisenberg-Weyl 
operator and that of the squeezed vacuum 
state and its q-generalization. V. L. Der- 
bov (Russia) in his contribution on 
‘Geometric phases of the generalized 
polarization of coherent states in quantum 
optics’ showed that the geometric phase 
provides valuable additional information 
on the polarization structure of quantum 
light related to the appropriate dynamical 
symmetry and suggested experimental 
measurement of the components of the 
polarization vector. 

One of us (K.S.R.) in an invited talk 
gave a survey of the ‘Quantum theory 
of angular momentum and generalized 
(ordinary and basic) hypergeometric 
functions’. It was shown that sets of 
hypergeometric functions are necessary 
and sufficient to account for the sym¬ 
metries of the 3 -y and the 6-j coeffi¬ 
cients, that different 3 ^ 2 ( 1 ) forms for the 
3 ~y coefficient known in the literature 
are derivable from the Van der Waerden 
form using the transformation theory of 
hypergeometric functions, that the 9 ~y 
coefficient’s triple sum series due to 
Alisauskas-Jucys-Bandzaitis can be iden¬ 
tified with a triple hypergeometric series, 
that the 3 -j and 6 ~j coefficients are 
related to the Hahn and Racah poly¬ 
nomials, respectively, and that most of 
these results have been ^-generalized. A. 
Ronveaux (Belgium) in his survey talk 


on ‘Orthogonal polynomials: Recurrence 
relations for connection and linearization 
coefficients’ presented a simple approach 
to build recursively the connection coef¬ 
ficients between two families of polyno¬ 
mials and applied it to the classical 
discrete families (Charlier, Meixner, 
Krawtchouck, Hahn). M. Noumi (Japan) 
in his invited talk on ‘Reflection equa¬ 
tions, quantum-homogeneous space and 
^-orthogonal polynomials’ classified the 
classical compact symmetry space into 
ten series and, by the method of reflection 
equations, he constmeted a ^-nonsym- 
metric space (G/K) and, for each (G/K), 
in seven of ten cases, the resulting zonal 
spherical functions were expressed in 
terms of Macdonald polynomials or mul¬ 
tivariable Askey-Wilson polynomials of 
Koomwinder. E. G. Kalnins’ (New 
Zealand) contribution on ‘Separation of 
variables (special functions and modem 
developments)’ detailed how this classical 
theory is closely related to that of in- 
tegrable systems and showed how one 
can systematically classify certain classi¬ 
cal mechanical systems via separation-of- 
variables techniques. R. M. Asherova 
(Russia) in her contribution on ‘U^(3) 
Weyl coefficients and SU^(2) Racah 
coefficients’ used the projection operator 
approach to derive a general analytic 
formula for transformation brackets 
between U- and T-bases of U^(3) irreps. 
(so-called Weyl coefficients). A resum¬ 
mation technique of ^y-factorial expres¬ 
sions was used to prove that the Weyl 
coefficient coincides with the q-Racah 
coefficient for su^(2). L. A. Shelepin (Rus¬ 
sia) in his contribution on ‘Clebsch- 
Gordan coefficients in coherent and mixed 
basis’ considered a generalized theory of 
angular momentum including both dis¬ 
crete and continuous parameters and in¬ 
troduced mixed Clebcsh-Gordan 
coefficients which relate the basis of com¬ 
mon \jm) states and coherent states. 

The above report presents some of the 
highlights of the Conference which was 
well organized and conducted by G. 
Pogosyan and his dedicated group at 
JINR. A welcome party, a boat excursion 


on the picturesque Volga river culminating 
in a barbecue dinner on an island in 
Moscow sea, a concert by a Dubna 
children’s choir and a trip to Sergiev 
Posad, the Russian orthodox centre with 
its 500-year-old trinity monastery 
provided adequate relaxation during the 
week-long deliberations. 

The conference concluded with its 
dedication, by Jelepov of JINR, to the 
memory of Yu A. Smorodinsky, who 
along with Pomeranchuk and Migdal was 
one of the outstanding active theoreticians 
invited to lecture at JINR soon after it 
was founded. He recalled with gratitude 
Smorodinsky’s warm personality, broad 
interests, pioneering work on isospin 
theory, his new approach to high-energy 
nucleon-nucleon scattering with a poten¬ 
tial including exchange forces, his book 
Lectures on Theory of Atomic Nuclei, 
with Landau which was translated into 
French and English (by Dover), and above 
all the importance he gave to symmetry 
concepts in physics, which played a big 
role in the development of this area. It 
is hoped that this series of conferences 
would become a permanent feature of 
JINR, Dubna. 

The altered state of the former Soviet 
Union seems to have one depressing con¬ 
sequence in that, during the past five 
years, competent people are leaving the 
country and fewer students have enrolled 
for higher studies in theoretical physics 
and pure and applied mathematics - these 
of the areas in which the people belonging 
to the former Soviet Union have made 
deep and profound contributions. We sin¬ 
cerely hope that this is also but a tem¬ 
porary phase in these new nations, which 
are trying to become economically strong 
and highly competitive in this materialistic 
world of ours. 


K. Srinivasa Rao, Institute of Mathe¬ 
matical Sciences, Madras, India and A. 
Khare, Institute of Physics, Bhubaneswar, 
India. 
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Traditional ecological knowledge and sustainable use of 
natural resources 


A recent publication of the UNESCO 
discusses ‘TEK’ - traditional ecological 
knowledge and its functioning in tropical 
countries ^ It identifies three broad 
categories of TEK, viz. 

1) knowledge about specific com¬ 
ponents/aspects of environment: plants, 
animals, soils and environmental pheno¬ 
mena which are comparable to sys- 
tematics, 

2) development, evolution and use of 
appropriate technologies for farming, 
forestry, hunting, fishing and trapping, 
and 

3) understanding of and intimate 
relationship with environmental systems 
as a whole; the most complex and least 
understood. 

TEK has gained much more attention 
and importance in the field of conserva¬ 
tion of biodiversity recently than during 
the past. Worldwide, a number of govern¬ 
ment and nongovernment institutions are 
studying the various dimensions of this 
natural product both generally and specifi¬ 
cally, attempting to build it into the 
numerous conservation strategies that are 
being suggested every day. For example, 
a lot of debate on biodiversity, trade and 
IPR (Intellectual Property Rights) related 
issues have stemmed from the overall 
awareness of TEK; the various round 
tables on assessment, conservation and 
sustainable use of genetic resources (prior 
to the Bahamas Conference of Parties 
organised by the Stockholm Environment 
Institute in Latin America, Africa and 
Asia) and more recently the Seville 
Strategy of the UNESCO’s Man and Bio¬ 
sphere (MAB) programme that was held 
in Spain (20-25 March 1995). TEK is 
believed to have been recorded in a variety 
of ways. They include symbols, phonetics, 
narratives, rituals, music and dance. Sub¬ 
sistence technology (involving a wide 
range of natural products), fertility control, 
settlement patterns, social stmcture with 
specific values and norms, acceptance and 
practice of sorcery, reliance on shamanic 
powers, forest spirits and supernaturally 
protected areas (sacred groves) are all 
considered as tell-tale signs of prevailing 
TEK in human communities^. 

In the midst of all the emphasis laid 


on TEK and how best science can 
acknowledge it, there has always emerged 
the question ‘What do we really know 
about TEK?’ and the statement ‘there is 
a greater need to have information and 
clearcut examples and case studies’. The 
best thing at this time would, therefore, 
be to analyse the Indian TEK that we 
are familiar with in the context of the 
conservation and sustainable use of 
biodiversity and natural resources includ¬ 
ing air, soil and water. 

In India, TEK of medicinal plants and 
conservation of crop genetic resources in 
the form of seed banks and locally grown 
land races have attracted the attention of 
conservation biologists. Some of these 
knowledge systems and practices are 
being systematically documented, espe¬ 
cially in the light of developing rewarding 
systems to the indigenous people who 
possess them. 

Traditional knowledge of macro¬ 
organisms in local humans is a fact. For 
instance, analysis of local names collected 
of birds in the Uttara Kannada district 
in the state of Karnataka between 1983 
and 1988 suggest that the humans tradi¬ 
tionally practised some nomenclatural sys¬ 
tem as that of modem taxonomy. 169 
specific Kannada and Konkani names of 
birds used by local humans in the district 
clearly refer to 84 species; a few common 
and game birds having as many as 7 
names. Of these, 38% have a generic 
identity referring to birds in the same 
taxonomic family. Another 12% was 
based on superficial resemblance to un¬ 
related birds, which are rather similar to 
referring to the coucal as ‘crow pheasant’ 
or the chloropsis as ‘green bulbul’ in 
English. 

Whereas TEK of the various com¬ 
ponents of the ecosystem and an intimate 
association with them have been quite 
convincingly recorded, ‘appropriate 
technologies’ for farming, harvesting, etc., 
that we frequently search for amongst 
the indigenous people are as yet not fully 
authenticated although there is little doubt 
that TEK does include appropriate tech¬ 
nologies for harvest of natural resources. 

Personal experience suggests that the 
supportive evidences quoted relating TEK 
and sustainability of natural resource use 


by traditional humans are anecdotal and 
equivocal. For example, some forest 
dwellers of the Annamalai Hills in south 
India called Malasars are subsisting lar¬ 
gely as hunter-gatherers even today. Eth- 
nobotanists who have visited and studied 
TEK in the use of local plant resources 
have highlighted the pmdent behaviour 
of these humans with regards harvesting. 
Tubers of wild plants such as Dioscorea 
are collected only when the plants show 
signs of maturity. After removing a sub¬ 
stantial portion of the tubers, the remain¬ 
ing parts along with the vines are planted 
back carefully to allow for regeneration. 
In case where the available tubers are 
very large, they are shared amongst more 
members of the community and so on. 
However, watching the same Malasars 
catching fish in a small river does not 
provide any evidence of being pmdent. 

A few men and women together block 
the flow of the water to start with. An 
old saree is dragged by a pair of Malasars 
along the bottom of the pool and every¬ 
thing that cannot possibly pass through 
the saree or jump over it is collected, 
brought to the shore and emptied on the 
sand. The choice fish are picked up and 
put inside a small pit dug beside the 
pool, while the rest including tadpoles 
and smaller species of fish are just allowed 
to perish on the shore. Further, the pool 
remains as such till probably the next 
rains. Such fishing methods are also prac¬ 
tised elsewhere in the tropics of Asia, 
viz. Northern Thailand^. 

Traditional fishermen catch fish with 
nets, bamboo traps, pots and even bare 
h^nds in many parts of south India. Inci¬ 
dental killing of nontarget organisms is 
considerable in all these methods. (In our 
opinion, it is only a magnified form of 
this practice that we see in modem 
mechanized fishing wherein 27% of the 
global harvest is of nontarget species.) 

Other examples may be quoted of 
Irulas, hunter-gatherers around Madras. 
These people randomly set up pit-fall 
traps and nets in large areas which collect 
a wide variety of small vertebrate animals. 
Irulas pick up only the choice prey leav¬ 
ing the others in the pits to die. As per 
the optimal foraging theory, any organism 
would try to maximize the benefits 
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derived from the harvested food by way 
of reducing the energy spent on searching 
and handling it. A selective mode of 
harvest of mobile organisms in large areas 
as that of fish in extensive water involves 
a greater expenditure of energy than col¬ 
lective harvest and discarding the un¬ 
wanted. Hence, it is justifiable that 
humans will naturally resort to the second 
method of harvest although it involves 
considerable wastage. In this regard, both 
traditional and modern approach, as one 
would expect, would not vary consider¬ 
ably. 

Having mentioned a couple of negative 
examples regarding sustainable harvest of 
natural resources we may now consider 
a few positive cases. In south India, the 
month of July (the onset of southwest 
monsoon) traditionally used to be a closed 
season with little harvest of sea fish. 
Incidentally, this is also the season when 
most of the choice fish such as seer and 
pomphrets breed. They come closer to 
the shore for spawning. Mechanized boats 
which are being used currently all through 
the year in all our coastal waters are 
netting large females and males ready to 
spawn, considerably reducing the potential 
for future generations. Although the sea 
is usually rough during this season, dis¬ 
couraging the use of traditional rafts and 


boats, one may very well interpret the 
closed season that used to be observed 
in the past as a pmdent TEK in favour 
of sustainable harvest of fish. 

Instances of local humans using plant 
poisons to temporarily paralyse fish in 
pools of freshwater, collecting the select 
individuals and allowing the rest to 
‘recover’ from the shock are in favour 
of TEK of sustainable harvest. This is a 
common practice over most of the south 
Indian hills. (No effort has, however, 
been made to record the incidental killings 
in this method.) 

Thus, one can argue back and forth 
quoting examples which either support 
or contradict the TEK of sustainability’ 
hypotheses. If there are positive examples, 
there certainly exists an equal number of 
opposing evidences in this context. Yet 
the purpose of this article is not to make 
the readers feel that there is no truth in 
TEK when it comes to sustainable use 
of natural resources. This system which 
has been tried and practised over a few 
thousand years cannot be ignored 
altogether. What is needed, however, is 
an emphasis on more carefully collected 
and analysed data which is scientifically 
scrutinized and interpreted. Kenneth Rud¬ 
dle, writing for UNESCO, says ‘study of 
tribal knowledge in my opinion is not 


Endophytes - A crucial issue 


Microorganisms are known to interact 
with plant surfaces as well as interior 
tissues. Microbes which live with interior 
tissues of healthy plants without causing 
disease symptoms are called ‘endophytes’, 
the term synonym of ‘mutualists’. 
Although this concept was confined ini¬ 
tially to fungi, later it was expanded to 
include all microbes which colonize inter¬ 
nal plant tissues without causing harm to 
their hostsIn the last decade, major 
attention was focused on studying the 
plant interactions with rhizobia and 
vesicular-arbuscular mycorrhizae (YAM). 
A few years ago it was understood that 
a wide range of plants was infected with 
endophytic fungi. Endophytic fungi have 
been reported from different plants such 


as mosses and fems^, conifers^’^, palms^, 
and monocots^. To date, the ecological 
role of endophytic fungi is poorly under¬ 
stood. The purpose of this note is to 
emphasize the gaining importance of endo¬ 
phytes other than rhizobia and YAM. 

Endophytes occupy a unique ecological 
niche and have major influences on plant 
distribution, ecology, physiology and 
biochemistry. The studies on the endo¬ 
phytes of grasses, conifers and other 
woody perennials indicated several bene¬ 
ficial effects. Endophytic infection enhan¬ 
ces the resistance of host plants against 
insects^ It was hypothesized that endo¬ 
phytes of conifers and woody perennials 
decrease palatability for grazing insects 
and antagonize pathogens^’^’*®. Thus, to 


going to tell us more about sustainable 
harvest but help us understand that they 
are ecofriendly and can be allowed to 
exist even within protected areas’. Quot¬ 
ing Ruddle further while closing this brief 
article on TEK, it is appropriate to state 
the following. ‘The romantic and uncriti¬ 
cal espousal of traditional ecological 
knowledge and management is as extreme 
and almost as unfortunate as that of dis¬ 
missing it. Traditional peoples have not 
lived in some preternatural state of har¬ 
mony with nature. Some of their abuses 
of natural resources have been and remain 
substantial’ 


1. Inglis, J., Nat. Res., 1994, 30(1), 2-4. 

2. Harp, W., Nat. Res., 1994, 30(1), 23-27. 

3. Kunstadter, P., in People of the Tropical 
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C.), University of California Press, 1988, 
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improve their fitness in a given environ¬ 
ment, plants might have acquired/accom- 
modated the endophytes. 

Endophytes so far isolated were either 
ascomycetes or their anamorphs and 
zygomycetes, whereas those belonging to 
basidiomycetes or their anamorphs or 
other fungi were rarely reported^’^^ 
Several fungi adapted endophytic life¬ 
style possibly because of the competition 
of different fungi on suitable substrates. 
Endophytes are in an advantageous posi¬ 
tion to colonize the plant parts starting 
from the initiation of senescence. En¬ 
dophytes usually bear fruit after the host 
has died, hence, senescent or dead twigs 
might be excellent materials to establish 
anamorph-teleomorph connections. 


570 


CURRENT SCIENCE, YOL. 69, NO. 7,10 OCTOBER 1995 



SCIENTIFIC CORRESPONDENCE 


There is a notion that endophytes have 
evolved from plant pathogenic fungi. 
Endophytes may often cause pathological 
symptoms when the host is under 
stressThese may also behave as latent 
pathogens, under situations which disrupt 
the endophyte-plant association (for in¬ 
stance, modern agricultural practices), 
where endophyte-intolerant host selection 
will be favoured and transition of endo¬ 
phyte to pathogen might take place^. 
Endophytic, pathogenic and saprophytic 
behaviour of fungi might be host/environ¬ 
ment-dependent. To derive maximum 
benefits from fungi, plants have to cope 
with the changing environment to main¬ 
tain fungi in endophytic rather than 
pathogenic state, but during senescence 
of plant parts naturally endophytes switch 
over to saprophytic phase. Several 
readjustments have to be made to decide 
the nature of microorganisms as and when 
we explore more about endophyte-plant 
interactions. Some endophytes might be¬ 
have as pathogens under specific environ¬ 
mental conditions. The decisions taken 
on microorganisms as plant pathogens or 
seed pathogens have to be reconsidered 
with caution. The bacterial or fungal ap¬ 
pearance on surface-sterilized excised 
plant parts in tissue culture can be strongly 
suspected as endophytes. Plant-endophyte 
association is an excellent model system 
which facilitates to understand evolution 
of plant-microbe symbioses. 

Endophytes are known to infect dif¬ 
ferent plant parts either by vertical trans¬ 
mission via host seeds/vegetative 
propagules or by horizontal transmission. 
It is now known that climatic conditions 
greatly influence fungal spore germination 
and ultimate infection. The increase in 
rainfall increases the level of endophytic 
infection. The deposition of surface run¬ 
off along the midrib/lamina of leaves 
favour fungal spores to collect and sub¬ 
sequently to infect heavily*"^. It is also 
known that aquatic roots of riparian 
vegetation are colonized by aquatic 
hyphomycetes, and it is suspected that 
the selection pressure might have been 
induced by scarcity of substrates 

Many plant secondary metabolites have 
structural and qualitative similarities with 
endophytic allelochemicals and fungal 
toxinsThe possibility of endophytes 


acting as vehicles of horizontal gene trans¬ 
fer between the genomes of fungi and 
plants cannot be mled out, if the endo¬ 
phytes are not the allelochemical 
producer. Interestingly, many grass endo¬ 
phytic fungi are known to produce 
alkaloids which act as insect repellents. 
Several grasses which possess endophytes 
(infected by Acremonium spp.) are toxic 
to livestock. Surprisingly, on grazing 
some grasses cattle, horse and sheep get 
intoxicated and that is why animals avoid 
grazing such stuff®. It is now known that 
the intoxicating effect is due to the me¬ 
tabolites of endophytic fungi^®. The 
properties of plant parts in curing 
human/animal ailments and as intoxicants 
and toxins might also be influenced by 
the endophytic partner. Endophytic fungi 
are now recognized as a potential source 
of new secondary metabolites^^. Endo¬ 
phytes are known to produce compounds 
active against human and plant pathogenic 
bacteria^^^^. Besides these, endophytes 
including YAM produce hormones such 
as indole-3-acetic acid (lAA) and 
cytokinins which stimulate growth and 
flowering of plants^"^’^^. Endophytic niche 
is considered as the potential source of 
microbes which produce a wide variety 
of bioactive metabolites. It has become 
a new source of biochemicals like those 
from soil, freshwater and marine ecosys¬ 
tems. 

Dreyfuss and Chapela^^ estimated that 
over 1.3 million endophytes are awaiting 
discovery. The study of endophyte dis¬ 
tribution, biodiversity and their biochemi¬ 
cal characteristics are of immense 
importance in plant biology to understand 
and to improve plant fitness; to develop 
safe biocontrol chemicals; to produce en¬ 
vironment-friendly chemicals in industrial 
scale. The distribution and fitness of 
plants in a given environment; physiologi¬ 
cal performance of plants and biochemical 
features of plant tissues have been greatly 
influenced by endophytes. There are many 
benefits to be derived and several ques¬ 
tions yet to be answered regarding endo¬ 
phyte-plant interactions. 
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Accelerators - Achievements and future projections* 

R. Chidambaram and S. Kailas 

Charged particle accelerators are being used not only for basic research but also for various 
applications. Accelerator activity started in India almost four decades back and we have now 
the capability and expertise to design, build and operate many types of accelerators which are 
required. International collaboration has been pursued in programmes involving large accelerators. 
In the present article, a brief description of the Indian Accelerator Programme, its achievements 
and future projections, is given. 


CHARGED-particle accelerators are being increasingly used, 
both directly and indirectly, for research in many frontier 
areas of science. They are also indispensable for varied 
applications ranging from materials science to medicine 
and, more recently, even for radioactive-waste trans¬ 
mutation. 

As India has achieved, over the years, the distinction 
of being able to design, build and operate many types 
of accelerators which are required, it is timely to take 
stock of the Indian Accelerator Programme. Just as the 
design and construction of a reactor involves competence 
in several areas and integration of several subsystems, 
so does the design and construction of an advanced 
accelerator, and the units of the Department of Atomic 
Energy (DAE) are uniquely equipped to undertake this 
task. Further, with increasing interest in indigenous 
accelerators, both for research and for applications, and 
possibilities of increased participation in international 
projects, both in construction and for research, it is 
useful to review our achievements and attempt to define 
future possibilities in this area. It is inevitable that this 
paper emphasizes the work done in the DAE - consider¬ 
ing the affiliation of the authors-but we have tried to 
include, to the best of our knowledge, the contributions 
to this field from the university system. 

Historical development up to the eighties 

The work related to various types of accelerators began 
in India in the forties and the fifties, though in a modest 
way. In the sixties India had a reasonably large size 
accelerator in the form of the 5.5 MV Van de Graaff 
accelerator at the Bhabha Atomic Research Centre 
(BARC), purchased from High Voltage Engineering Cor¬ 
poration, USA. The accelerator-building activity took a 
quantum jump with the indigenous development and 


*Based on the XV Prof. Balakrishnan Memorial lecture of the Indian 
Vacuum Society given on 14 October 1994 at Bombay by Dr R. Chidam¬ 
baram. 
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commissioning of an 88 in. variable energy cyclotron 
at Calcutta (VECC) in the seventies (see Box 1). Around 
the same time a 2 MV tandem Van de Graaff accelerator 
was made operational fully through indigenous efforts 
at Trombay. In the eighties, to catch up with the ongoing 
research in the important area of heavy ions, we embarked 
on a medium-energy heavy-ion facility in Bombay (see 
Box 2). Though the 14 MV pelletron, the first of its 
kind in India, was imported from National Electrostatics 
Corporation (NEC), USA, several subsystems such as 
the 25 m high, 5.5 m wide accelerator tank to contain 
the SFg gas at high pressures, the four storage tanks 
for SFg gas, the beam lines and the experimental facilities 
were all fabricated and set up indigenously. This joint 
BARC-TIFR facility located at the Tata Institute of 
Fundamental Research (TIFR) campus has now been 
operating for more than five years and in this period 
with the use of this facility considerable research work 
has been carried out in the field of heavy-ion nuclear 
reactions and in interdisciplinary areas. 

Growth in the nineties 

In the year 1990, the second pelletron, a 16 MV NEC 
machine was made operational in Delhi at the Nuclear 
Science Centre (NSC) of the University Grants Commi¬ 
ssion (see Box 3). To augment the scope of accelerators 
for areas other than nuclear physics, a 3 MV NEC 
pelletron was commissioned in the Institute of Physics, 
Bhubaneswar, in 1991. Work has already started in 
converting the 5.5 MV Van de Graaff accelerator at 
BARC into a folded 7 MV tandem accelerator. The 
Centre for Advanced Technology (CAT) at Indore (see 
Box 4) was started a few years back for development 
of technologies associated with accelerators, lasers and 
related systems. The first Indian synchrotron radiation 
source, based on a 450 MeV electron storage ring, 
Indus-1 (see Figure B4), is already at an advanced stage 
of construction at CAT. This facility when completed 
will consist of a 20 MV microtron, followed by a 700 MeV 
synchrotron and the storage ring. This storage ring will 
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provide soft X-ray and vacuum ultraviolet radiation over 
a wide spectrum. In the next phase, a 2 GeV storage 
ring Indus-2 (see Figure B4) to deliver harder X-rays 
through dipole magnets and wigglers will be built. 

Other developments related to the accelerators 
described above include the work started for the building 
of superconducting LINAC boosters to enhance the 
heavy-ion energies from the present pelletrons. At VECC, 
a versatile electron cyclotron resonance (ECR) ion source 
has been built and will soon be used as an injector to 
the present cyclotron to deliver high-energy heavy-ions 
for experiments from this facility. Plans are also under 


Box L Variable Energy Cyclotron Centre, Calcutta 

The cyclotron at Calcutta hecarae e^erattonal in the [ate 
seventies and has been delivenng beams of alpha parlides 
For not only nuclear physics investigallcns but also For other 
areas oF science. Recently, both protons and deuterans of 
different energies have become av^lable to the user com¬ 
munity, Beams of high resolution (about 70 keV) are available 
for research. In the near future it is e)q 3 ected to reach a. 
value of tO-lS^keV. When the ECR ion source is coupled 
to ■ the present machine^ a targe vane^ of medium- to 
high-energy heavy-ions will be available from YEGG, A recentiy 
completed experiment utilizing 15-20 Me¥/A alpha particles 
interacting with aluminium has given interesting answers to 
the production mechanism of fragments heavier than the 
projectlje. From systematic stuefies of break-up of ^Li using 
alpha particles from VECC^ important results of relevance to 
astrophysics have been obtained (Figure Si), Another area 
of research is the study of properties of nude! far from the 
line of beta stability,^ an emerging area of great potenflal. 
For this purpose^ an isotope separator on-line (ISOL) Facility 
has been developed. 





Figure B1. Alpha parfrcfe-induced, ^i-^a-fd, target 
breakup reaction at VECC, Calcutta. The find&ig of a critical 
momentum transfer-pcr]ti:5.i 17 IMeV/C-which ergnlties the 
dominance of ^e Coulomb breakup, is important in the 
context of nuclear astrophysics. 


way to build a superconducting cyclotron at Calcutta. 
At BARC, work is going on in completing an REQ 
accelerator which, in principle, can also serve as an 
injector for a bigger accelerator. There are also plans 
to build low-energy electron accelerators primarily for 
medical and industrial applications both in CAT and in 
BARC. CAT is also building a 20 MeV proton Linac 
which will consist of a 750 keV RFQ operating at 202 
MHz and a drift tube Linac also operating at 202 MHz. 


Box 2, pellotrott in Bombay 

The commissioning of the medfum-energy heavy-ton ac- 
oeleratof fadliiy, 14 MV pefletron, in Bombay six years ago 
has enabled ^e nuetear pthysicists in this country lor the 
first time to explore the nucleus In many previously Inaccessible 
regions of exdtafion, spins and configurations. In order to 
cany out research ki several possible frontier areas, a number 
of facilities have been set up which include: (a) A generai- 
purpose 1 m diameter scattering chamber of capacity 600 i, 
(b) Large-area podtEcn-sensltlve ionization chamber, (c) Array 
of Nai, B(^0, Phoswich and HpGe detectors, (d) Fast 
electronics arid PC/transputer-based data acquisition systems. 

Amongst the many interesting results which have come 
out^ of this facility, the notable ones are establishing the 
fission time scales through the use of 'neutron clock’ and 
the expenmental verification: of the preequilibrium fission 
mechanism by the BARG group from a series of fission 
fragment angidar distribution measurements (Figure B2), From 
recent investigations related to quasimolecular resonances m 
fight compound nuclei, it has been possible to establish 
superdeformed structures In shapes of nuclei with major to 
minor axis ratio between Z and a. 



Figure Fssion-lragment anisotropies for 
and '*®F + ^^Th systems rneasured using the Bombay peJ- 
ietron. While file systi^s and +^^Th exhibit ’normal’ 
anisotropies, the and '‘^F-t'^^Th systems exhibit 
'anomalous'^ anisotropies. This observation is consistent with 
the expectations of pre-equilibrium fission model proposed 
by the Trombay group earlier. 
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Box 3v Pelletron in Delhi 

A heavy-ion facility with a 16 MV terminal has been operafiona] 
at NSC, Delhi, for the last few years. The MSQ user family 
has members from more than 30 universities, 3 ItTs, tlSc, 
besides national labs like NPL, BARG, VECC^ fOP, SIMP 
and TIFR, -Some of the major experimental facilities which 
are available in this centre are: (1) The heavy-ion recoil 
analyser (HIRA) for detection of slow-moving heavy recoils^ 
with a mass resolution of better than 1/200, (2) Gamma 
detector array consisting of a set of HpGe detectors with 
anti-Compton shields for high-spin spectroscopy. Additional 
array of BGO detectors is provided for total ettergy meas¬ 
urement and it also serves as a multiplicity filter. (3) 1.5 m 
diameter scattering chamber. Using these facilities a number 
of experiments have been performed related to subbarrier 
fusion phenomena and high-spin spectroscopy (Figure B3). 

To augment the energies available from these facilities, 
both at Bombay and Delhi, LINAC boosters based on super¬ 
conducting technologies are being built While the one at 
Bombay will be based on Pb^ the one at NSC will be 
Nb-based. The NSC is collaborating with Argonne National 
lab, USAr on this IINAC project 
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Figure B3, High spin states In ^7^, Level scheme for 
Tc showing e>«:italion energies and spins {parities)^ popu¬ 
lated through rP, 2p2n) reaction at the Delhi 
pelletron accelerator facility. 


A Centre for Compositional Characterization of Materials 
(CCCM) is being set up by BARC at Hyderabad and 
some of the analytical techniques used there will employ 
a 3 MV tandem accelerator. All these go to show that 
we have in this country several strong groups in the 
accelerator field and also the necessary infrastructure to 
design and build indigenously new generations of accele¬ 
rators and related experimental facilities. 

The various accelerator facilities in the country are 
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collectively presented in what can be called the accele¬ 
rator map of India (Figure 1). 

International collaboration 

It is very clear that no single country in the world can 
now afford to build and operate major accelerator 
facilities and related detector set-ups. International colla¬ 
borations have become necessary. Our country has been 
collaborating with major international accelerator 
facilities in Europe and USA. Our contributions are 
both in the area of accelerator building and in the 
development of large-size detectors. The CAT is collabo¬ 
rating with CERN, Europe, both in LEP (large electron- 
positron collider) and PS (proton synchrotron)/SPS (super 
proton synchrotron) accelerator upgrades. Titanium sub¬ 
limation pump bodies have been exported to CERN. It 
has also supplied other vacuum components and corrector 
magnets in substantial numbers. A group from BARC 
and VECC has developed the control software for accele¬ 
rating Pb ions at SPS facility. 

The high-energy physics group from TIER has been 
actively collaborating with CERN for a number of years. 
For the L3 experiment, the TIFR group has supplied 
1100 brass proportional chambers, SS housings, precision 
machined Cu-Te pieces and also a few thousand PCBs. 
The TIFR group has also contributed to the software 
and physics aspects of this joint programme, in particular 
the precision tests of the standard model of particle 
physics and a search for one of its cornerstones: the 
Higgs particle. Three major achievements of this ex¬ 
periment are: (1) the number of neutrino species has 
been established to be three; (2) precision measurement 
of the electroweak mixing angle; and (3) estimate of 
the top quark mass. 

With the recent availability of relativistic heavy ions 
from CERN at SPS, the group from VECC has been 
collaborating with CERN on experiments related to the 
experimental search for the quark gluon plasma (QGP). 
The VECC group has built a photon multiplicity detector 
consisting of 55,000 pads of small plastic scintillators 
(20 mm X 20 mm) for efficiently detecting the photons 
as signals of QGP. The optical fibres are inserted 
diagonally in each pad to pick up the light signal. One 
successful run has already been completed with a sulphur 
beam of 200 GeV/nucleon energy using the CERN SPS. 
Recent analysis of the photon data has perhaps given 
the first hint of the QGP, entirely from the photon 
spectrum. Besides VECC, several scientists and students 
from Institute of Physics, Bhubaneswar, and Indian 
universities - Chandigarh, Jammu and Jaipur-are also 
collaborating in this international venture. 

Recently, BARC has also entered into collaboration 
with USA on using the Brookhaven National Lab (BNL) 
relativistic heavy-ion collider facility (RHIC) in the 
Photon Electron New Ion Experiment (PHENIX) to 
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Box: 4. Centre for Advanced Tecfenologvi fodore 

A Jiiaior centre for advanced tecfinoiogiea (CAT)--'accelerator 
and laser related-has been set up at Indore by the DAE. 
Work on the first major accelerator facility consistmg of a 
rnicrotron, synchrotron and storage ring for production of 
high-energy electrons and associated synchrotron raeOafion Is 
progressing very well at Indore, Wajor indigenous effort has 
gone into building this facility from design to fabhoatton (Figure 
B4). Sputter ton pumps of speeds 30, 70, 140 and 270 ^s 
have been developed at OAT for the accelerator and subsys¬ 
tems b achieve vacuum of the order of lOT^^ mban All-metal 
PiranI and Penning gauges have also been developed to 
measure pressures from atmosphere to lO"^ mbar. Two vacuum 
furnaces for hulk degassing of SS compon^ts for accelerators 
have been devetoped at CAT, The furnace has a hot 7 one 
volume of 4001 which oan attain a temperature of 700"C at 
10** mbar. 

The electron beam from 20MeV microtron injecbrhas been 
recently extracted. The synchrotron is My assemWed and all 
components we8-^1gned. All subsystems have been tested and 
this ma<^ine is expected to be operafional In 1995, The transter 
lines between the various machines have been assemWed. 

The electron beam from the synchrotron is being planned 
to be stored In lndus-1 in 1995, This will be a ASOmv 
storage ring whose critbal wavelength (defined as Jhe median 
wavelength which divides the emitted synchrotron radiation 
energy into two equal parts) wilt be 31 A. Useful flux can be 
obtained for wavelengths as short as 20 A, The beam Inies 
tor the various experiments to be performed with fndus-1 are: 
(1) Photophysics (300-9000 A), (2) Fleflectivity measurements 
(40-1000 A), (3) High'-resolution spectroscopy, (4) Photoelectron 
Spectroscopy, (5) L-edge spectroscopy, (6) EXAFS (1OCMO00 A), 

}ndys^2 >Aqil have a cnlical wavelength of 4 A from the 
bending magnets and a much lower wavel^gth of about t A 
from the s^aerconducfing wiggler magnets. The major ex¬ 
perimental programmes being planned far lndus'2 are: trace 


700 





Figure B4, A schematic dr^mg of the synchrotron radiation 
source fadllty coming up at CAT, Jndore, 


element analysis, lithography, smalt-angle scattering, diffraction, 
absorption-based spectroscopy, photoelectron spectroscopy and 
X-ray topography. The Indus-2 rfng Is expected to be com¬ 
missioned In 1998, 


search for the QGP. The BARC group will be involved 
in the design and the fabrication of the muon arm of 
PHENEK and also in the computer simulation related 
to this experiment. 

The Indian scientists from TIFR and from Delhi and 
Chandigarh universities are also collaborating at the 
Fermi Lab, USA, on several frontier experiments and 
they are part of the teams which discovered recently 
the Top quark’. In the future, India will also be colla¬ 
borating in the currently planned highest-energy accele¬ 
rator programme - the large hadron collider (LHC) - to 
be built in CERN. 

Finally, the implication of all these laboratory experi¬ 
ments, in the context of the fundamental question of 
the origin of the universe a microsecond after the 
proposed ‘big bang’, when the universe must have 
consisted of quarks, gluons, leptons and photons, is in 
the postulation of the route to the synthesis of micro¬ 
cosmos and macrocosmos. 

For several years, BARC has been collaborating with 
the Rutherford Appleton Laboratory in UK, which has 
a spallation neutron facility. The BARC group has built 
iuid installed a specialized neutron spectrometer in this 
centre-the so-called AT-window spectrometer - which 
uses the difference in temperature of two Be blocks to 


provide an ultrahigh energy resolution window for 
neutron inelastic scattering experiments. 

Accelerator applications in industry and medicine 

The charged-particle accelerators, primarily built for 
basic research in science, are being increasingly used 
for a variety of applications. Dedicated accelerators are 
also being built and operated for medical and industrial 
applications. The alpha particles from VECC have been 
used for characterization of (compound) semiconductors 
for oxygen. The helium-induced defects in refractory 
materials like Nb, Ta, W and V and in compound 
semiconductors like GaAs, GaP and InSb have been 
characterized. Information regarding migration of vacan¬ 
cies and the formation of vacancy clusters and helium 
bubbles has also been obtained from these studies. Some 
of these studies have direct implications for the mechani¬ 
cal and the metallurgical properties of refractory metals 
in a reactor environment. The helium jet recoil facility 
has been set up as a prelude to on-line isotope separation. 
Further, the alpha beams have been used for tribological 
investigations. Low-energy heavy-ion beams from 
Bhubaneswar have been used for materials science 
studies. Recently, using the proton backscattering tech- 
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nique, the stoichiometry of thin VN films has been 
determined. Earlier, using the proton beam from Trombay 
Van de Graaff accelerator, the carbon build-up on the 
surface of a thorium target was estimated using the 
nuclear resonance technique. At the NSC, Delhi, a 
dedicated beam line has been developed for materials 
science studies, including high-energy heavy-ion irradia¬ 
tion to strengthen thin Cr films, characterization of super- 
eonducting films and bulk samples, and other ion-induced 
defects specifically involving high-energy heavy ions. 

The use of particle accelerators in the study of problems 
in medicine and biology has been long recognized as 
a specific and powerful tool. The accelerators are being 
employed for both diagnosis and therapy. Certain specific 
radioisotopes like ^’Ga and ^^^‘Tl required for accurate 
diagnosis of soft-tissue tumour and analysis of the 
functioning of the heart, respectively, can be produced 
only through nuclear reactions induced by charged parti¬ 
cles from accelerators. Small quantities of ^"^Ga are now 
routinely produced at VECC and used for diagnosis 
work in hospitals. Using the proton beam from VECC 
it is expected that the first batch of ^^^^Tl will be 
produced soon. A high-current captive cyclotron will be 
ideal to produce these isotopes at a reasonable cost. 
Trace element analysis of biological tissues, blood, etc., 
is another important area of investigation carried out 
using small-size accelerators. 

The technique of radiation sterilization nowadays is 
used on a commercial scale in the manufacture of such 


products as disposable hypodermic syringes, blood trans¬ 
fusion kits, blood oxygenerators, Petri dishes, gloves, 
surgeon’s needles and scalpels, besides some phar¬ 
maceutical products. Other areas include hygienization 
of sewage sludge and preservation of perishable food 
items. Electrons offer a substitute for gamma rays with 
the advantage of flexibility and inherent safety through 
on/off switching of the beam. A lOMeV electron beam 
has been found to be suitable for this type of work. 
In India we are building a machine for this purpose. 
From economic considerations, a gamma ray source is 
favourable for industrial processing if source requirement 
does not exceed 1 million curies of ^”Co. The electrons 
complement the gamma rays from radioactive sources 
in many areas. 

Radiation processing technology using electron ac¬ 
celerators has a pivotal role in an industrial environment. 
Low-energy electron accelerators having high beam in¬ 
tensity are being increasingly used in the radiation 
processing industry for a variety of applications. 

At BARC, using the electron accelerator the following 
programmes are being pursued: 

• Crosslinking of polythene ‘O’ rings for drum fittings 
-MOU with a Bombay firm for this application has 
been signed. 

• Crosslinking of PVC/PE cables and wires for high 
performance and speciality applications. 

There are plans to develop electron accelerators indi¬ 
genously in BARC for this type of work. 

For the radiation processing industry, plans are also 
under way at CAT to build a 750 keV, 20 kW electron 
accelerator mainly for the following items: 

1. Radiation-processed crosslinked polyethylene cables 
and wires required by TV and computer manufacturers. 
Railways also import Rs 100 crores worth of these 
cables per annum. 

2. Development of heat-shrinkable tubes. Telecom¬ 
munication industry imports this item costing annually 
more than Rs 30 crores. CAT is also developing a 
10 MeV, 15 kW electron Linac for industrial applications 
such as sterilization of medical products, irradiation of 
food products, etc. The dose rate available from such 
accelerators will be an order of magnitude higher than 
that from a typical ^‘^Co facility used for this purpose. 

In order to demonstrate the economic viability of 
these various applications of accelerators in our country, 
CAT is thinking in terms of a medical and industrial 
accelerator centre which will be available to potential 
users for developing radiation-processing technology. 
Use of radioactive sources like ^^to for treatment of 
tumours is a well-known method. Recently, the electrons 
from low-energy electron accelerators are also being 
used for such treatment, particularly for superficial 
tumours. In India the radiation therapy based on accele- 
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rators is growing rapidly and at present there are about 
20 odd electron accelerators operational in the country 
for this purpose. CAT has developed and operated a 
20MeV microtron as injector to a 700 MeV booster. 
Based on the experience gained on microtron, a 12 MeV 
microtron has been designed for applications like radia¬ 
tion physics studies and non-destructive testing and the 
same has been installed at Mangalore university. With 
addition of a Gantry, it is possible to make a radio 
therapy machine using the 12 MeV microtron. CAT is 
also at an advanced stage of building a 11 MeV cyclotron 
to produce short lived radio isotopes for positron emission 
tomography. 

There exist also possibilities for use of accelerators in 
the nuclear fuel cycle, both for disposal of radioactive waste 
and for use as an ‘energy amplifier’ by introducing neutrons 
produced in spallation reactions into a subcritical assembly. 

Summary 

A possible strategy for accelerator-based research and 
applications can be summarized as follows: 

• Research with existing facilities and utilization of the 
facilities for applied areas. 

• Building new accelerator facilities for research and 
applications. Concentrating on reasonably large-size 


accelerators involving high technology but at moderate 
cost, which will enable work to be carried out in 
many frontier areas. 

• International collaborations - physics research, partici¬ 
pation in building accelerators and detector set-ups. 

It is being realized that at least for research using 
big accelerators, cooperation amongst countries is very 
much needed not only for building expensive facilities 
but also for using the same. As we said before, no 
nation can any longer afford to go at such activities 
alone. However, our own national base has to be suf¬ 
ficiently strong and several national accelerator facilities 
are essential to provide this base. Our success in the 
international arena depends crucially on our expertise 
and competence built around our national facilities and 
development of manpower required to build and use 
the facilities both in India and abroad. A strong synthesis 
of the two programmes, national and international, should 
be the vision for our accelerator programme. 
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Recent fertility trends and prospects in India 

K, Srinivasan 


There is an increasing pace of fertility decline in large parts of the country in the recent years. 
Among the proximate determinants, the variables that have played a dominant role in fertility 
changes directly, in the Indian context are natural fertility and contraceptive use and indirectly, 
female literacy and infant mortality. For future, we can expect the TFR to be in the range of 


to 3.0 by the year 2001 and 2.00 to 2. 
literacy rate will have a major impact on the 

The most recent census^ conducted in India in March 
1991 placed her total population at 846.30 million, 
including an estimated figure of 7.72 million for the 
State of Jammu & Kashmir, where the census could not 
be conducted owing to political disturbances. Since 1951, 
when the first post-independence census was taken, the 
population of the country has increased by 485.22 million, 
more than twice the population that lived in the country 
in 1901, which was 238.40 million. During the decade 
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13 by the year 2011. The spurt in the female 
future fertility levels. 

1981-1991 we have added to the country a whopping 
162.97 million people, which is equal to the combined 
populations of France, Poland and the United Kingdom. 

In terms of the rate of growth rather than numbers, 
during the decade 1981-91 the population has increased 
by 23.85%, or 2.12% annually, compared to 24.80%, 
or 2.20% annually, during the decade 1961-71. During 
the year 1991 the growth rate was 1.97%, almost the 
same as the average annual growth rate of 1.96% 
experienced 40 years earlier during the decade 1951-61. 
However, while the earlier growth rate was the result 
of a difference of an average crude birth of 42.4 and 
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death rate of 22.8 (birth and death rates measured for 
1000 population per year) in the decade 1951-61, the 
1991 growth rate was the result of a birth rate of 29.5 
and a death rate of 9.8. Thus, during the 35-year period 
from 1956 to 1990 both the birth and death rates have 
declined by 13 points, keeping the growth rate almost 
unchanged. Unfortunately, this stagnation in the growth 
rate since 1961 has occurred, in spite of a strong 
awareness of the population problem at the national 
level since the country’s first five-year plan in 1951, 
consistent antinatal policies and family planning program¬ 
mes by the government to reduce the fertility levels in 
the population. An expenditure of approximately Rs 5550 
crores has been spent on family planning since its 
inception until 1990. 

This seems to be a paradoxical situation, in which 
the fertility declines have been tardy in a population 
when both at the people’s level as well as at the 
governmental policy and planning level there has been 
a strong motivation to lower fertility levels and popula¬ 
tion growth rates. Many countries such as China, 
Thailand, Indonesia, Mexico and Brazil that launched 
their family planning programmes almost a decade later 
have achieved lower fertility levels than India. In 1991, 
China with a population size of 1155.5 million added 
to her numbers 16.52 million compared to 16.67 million 
added to India’s. India has gained the unique distinction 
of being the country that adds the maximum number 


of people every year within her territory, surpassing 
China, which has a larger population. In order to un¬ 
derstand the dynamics of this growth and prospects for 
the future, it is necessary to go into the components 
of population change, mortality, fertility and migration 
and the factors that have contributed to modifications 
in these components over time. Particularly relevant are 
the factors that influence the fertility levels in the Indian 
population; the component that holds the key to the 
demographic future of the country. 

Fertility trends since 1970 

Since 1970, fertility has been declining in most parts 
of the country as indicated by fertility measures. .Table 
1 presents data on two fertility measures, crude birth 
rate (CBR) and total fertility rate (TFR) and also on 
three important contributory factors to fertility change, 
viz. infant mortality rate (IMR), female literacy rate 
(FLR) and effective couple protection rate (ECPR or 
percentage of couples with wife in the age range 15-44 
years effectively protected by a modern method of 
contraception from within the programme) in the country 
and in sixteen large states (that account for 95% of the 
country’s population), for the years 1971, 1981 and 
1991. The table also provides the CBR and IMR values 
for the latest available year 1993. This spans a period 
when the fertility transition has been occurring in the 


Table 1. Measures of fertility, IMR, contraceptive use and FLR in India and the major states for 1971, 1981 and 1991 


CBR 


TFR 


IMR 


ECPR 


FLR 



1971* 

1981* 

1991* 

1993 

1971** 

1981* 

1991* 

1971* 

1981* 

1991* 

1993 

1971 

1981 

1991 

1971 

1981 

1991 

Andhra Pradesh 

35.4 

31.3 

25.6 

24.3 

4.7 

3.9 

3.0 

106 

86 

71 

64 

11.2 

26.2 

44.3 

19.2 

24.2 

33.7 

Assam 

37.9 

33.0 

30.5 

29.5 

5.2 

4.1 

3.4 

139 

104 

78 

81 

4.6 

18.5 

28.2 

22.8 

NA 

43.7 

Bihar 

32.3 

38.1 

32.0 

32.0 

5.0 

5.7 

4.6 

NA 

118 

72 

70 

5.0 

12.3 

26.0 

10.7 

16.5 

23.1 

Gujarat 

40.4 

34.8 

28.4 

28.0 

5.6 

4.4 

3.2 

144 

113 

69 

58 

11.4 

32.5 

57.8 

30.3 

38.5 

48.5 

Haryana 

39.6 

36.8 

32.3 

30.9 

6.6 

5.0 

3.9 

72 

99 

71 

66 

12.9 

28.3 

56.6 

18.6 

26.9 

40.9 

Himachal Pradesh 

34.4 

32.0 

28.0 

26.7 

4.4 

4.0 

.3.1 

113 

75 

70 

63 

7.6 

25.6 

52.1 

24.7 

37.7 

52.5 

Karnataka 

32.0 

27.9 

27.1 

25.5 

4.2 

3.6 

3.1 

95 

68 

73 

67 

8.9 

23.4 

46.9 

25.7 

33.2 

44.3 

Kerala 

31.3 

26.2 

18.5 

17.4 

4.1 

2.9 

1.8 

58 

36 

17 

13 

14.6 

29.7 

55.6 

65.4 

75.7 

86.9 

Madhya Pradesh 

39.2 

37.7 

35.9 

34.9 

5.9 

5.2 

4.6 

135 

139 

111 

106 

9.2 

21.5 

40.3 

13.7 

19.0 

28.4 

Maharashtra 

32.0 

29.1 

26.3 

25.2 

4.5 

3.7 

3.0 

105 

75 

59 

50 

15.2 

34.9 

56.2 

32.4 

41.0 

50.5 

Orissa 

35.8 

32.7 

28.9 

27.2 

4.6 

4.2 

3.3 

127 

137 

120 

no 

13.8 

27.1 

41.0 

17.0 

25.1 

34.4 

Punjab 

34.2 

30.2 

27.5 

26.3 

5.3 

4.0 

3.1 

102 

82 

57 

55 

16.8 

24.1 

75.8 

31.3 

39.6 

49.7 

Rajasthan 

41.1 

37.9 

34.5 

35.1 

6.2 

5.4 

4.5 

123 

103 

84 

82 

. 5.0 

13.8 

29.0 

10.5 

14.0 

20.8 

Tamil Nadu 

31.3 

27.8 

21.0 

19.5 

4.0 

3.4 

2.2 

113 

89 

58 

56 

12.4 

27.8 

57.3 

32.3 

40.4 

52.3 

Uttar Pradesh 

44.5 

39.2 

35.9 

36.2 

6.6 

5.8 

5.2 

167 

152 

98 

94 

5.5 

11.1 

35.5 

13.0 

17.2 

26.0 

West Bengal 

NA 

32.4 

26.7 

25.7 

NA 

4.2 

3.2 

NA 

91 

66 

58 

NA 

22.2 

33.7 

27.8 

36.1 

47.2 

All India 

37.2 

33.8 

29.6 

28.7 

5.2 

4.5 

3.7 

129 

106 

80 

74 

10.1 

22.8 

44.1 

22.9 

29.8 

39.4 


Notes: (i) Figures indicate average rates over three consecutive years centred round the years 1971, 1981 and 1991. For example, CBR* for 
1981 is the average of CBRs for 1980, 1981 and 1982. The rest of the figures are for the years 1971, 1981, 1991 and 1993. 

(ii) TFR** for 1972 is based on SRS sample survey in 1972 and taken from ref. 6. The data are given for rural and urban areas 

and weighted by the 1971 rural-urban proportions in the census. 

(iii) ECPR: Effective couple protection rate as on March 1971, 1981 and 1991. 

(iv) FLR: Female literacy rate is percentage of literate among females aged 7 and above. 

(v) 1993 figures are provisional estimates published by the Registrar General in September 1994 

Sources: (1) Various publications of the Sample Registration System by the Registrar General, including refs. 4 and 5. 

(2) Ref. 3. 
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country. The fertility and mortality figures have been 
compiled from the official publications^"® of the Registrar 
General of India from the Sample Registration System, 
the female literacy rates from the 1971, 1981 and 1991 
censuses and ECPR values from the Family Planning 
Year Books’-* put out by the Ministry of Health and 
Family Welfare. Since the Sample Registration System 
(SRS) is a dual record system based on data compiled 
on births and deaths from a sample of villages and 
urban blocks in the country (and though the sample 
sizes are fairly large enough to estimate fertility and 
mortality levels within 5% coefficient of variation), we 
have used three-year averages of vital rates, wherever 
available, centred around 1971, 1981 and 1991, especially 
for the study of long-term trends in these rates. 

The CBR, defined as number of births per 1000 
population per year, has declined from 37.2 in 1971 to 
33.8 in 1981 and 28.7 by 1993. Thus, the annual decline 
in the CBR during 1981—93 was 0.425 compared to 
0.340 during 1971-81, or 25% more than the earlier 
period. In 1993, among the states the CBR has ranged 
from a minimum of 17.4 in Kerala to a maximum of 
36.2 in Uttar Pradesh. The CBR values for the rural 
and urban areas for 1993 for the country as a whole 


were 30.4 and 23.7, respectively. In Kerala the rural 
and urban CBR values were 17.5 and 17.3 respectively, 
while in UP they were 37.2 and 31.1 respectively. 

It has been found that as fertility levels decline, the 
differences in fertility between the rural and urban areas 
as well as between the other segments of the population, 
such as by religion, caste or income categories, tend to 
narrow down and fertility becomes more homogeneous 
across the population. The more recently conducted 
National Family Health Survey (NFHS) that covered a 
representative sample of 88,562 households from most 
of the country has estimated the CBR for 1992-93 at 
28.9, with 30.7 in rural areas and 28.9 in urban areas, 
which varied from a minimum of 17.2 in Goa and 19.6 
in Kerala to a maximum of 36.0 in Uttar Pradesh, 
figures that are close to the estimates from the SRS, 
and provide independent validation to the SRS figures. 

The changes in fertility or any variable can also be 
studied in relation to the progress made towards reaching 
the long-term goal set for different measures by an 
‘index of progress’ (IP), by relating the actual decline 
in a fertility measure over a period of time to the 
required decline to reach the specified long-term goal 
in the measure. The recently appointed ‘Expert Group 


Table 2. Percentage progress towards long-term goals during 1971-81, 1981-91 and 1971-91 in CBR, TFR and ECPR 


Percentage changes in CBR Percentage changes in TFR Percentage changes in IMR Percentage changes in ECPR 
(goal of 21) (goal of 2.1) (goal of 30) (goal of 70%) 


Long term goals 

1971-81 

1981-91 

1971-91 

1971-81 

1981-91 

1971-91 

1971-81 

1981-91 

1971-91 

1971-81 

1981-91 

1971-91 

Andhra Pradesh 

28.5 

39.6 

68.1 

30,8 

34.6 

65.4 

26.3 

19.7 

46.1 

25.5 

30.8 

56.3 

Assam 

29.0 

14.8 

43.8 

35.5 

V 22.6 

58.1 

32.1 

23.9 

56.0 

21.3 

14.8 

36.1 

Bihar 

-51.3 

54.0 

2.7 

-24.1 

37.9 

13.8 

NA 

NA 

NA 

11.2 

21.1 

32.3 

Gujarat 

28.9 

33.0 

61.9 

34.3 

34.3 

68.6 

27.2 

38.6 

65.8 

36.0 

43.2 

79.2 

Haryana 

15.1 

24.2 

39.2 

35.6 

24.4 

60.0 

-64.3 

66.7 

2.4 

27.0 

49.6 

76.5 

Himachal Pradesh 

17.9 

29.9 

47.8 

17.4 

39.1 

56.5 

45.8 

6.0 

51.8 

28,8 

42.5 

71.3 

Karnataka 

37.3 

7.3 

44.5 

28.6 

23.8 

52.4 

41.5 

-7.7 

33.8 

23.7 

38.5 

62.2 

Kerala 

49.5 

74.8 

124.3 

60.0 

55.0 

115.0 

78.6 

67.9 

146.4 

27.3 

46.8 

74.0 

Madhya Pradesh 

8.2 

9.9 

18.1 

18.4 

15.8 

34.2 

-3.8 

26.7 

22.9 

20.2 

30.9 

51.2 

Maharashtra 

26.4 

25.5 

51.8 

33.3 

29.2 

62.5 

40.0 

21.3 

61.3 

35.9 

38.9 

74.8 

Orissa 

20.9 

25.7 

46.6 

16.0 

36.0 

52.0 

-10.3 

17.5 

7.2 

23.7 

24.7 

48.4 

Punjab 

30.3 

20.5 

50.8 

40.6 

28.1 

68.8 

27.8 

34.7 

62.5 

13.7 

97.2 

110.9 

Rajasthan 

15.9 

16.9 

32.8 

19.5 

22.0 

41.5 

21.5 

20.4 

41.9 

13.5 

23.4 

36.9 

Tamil Nadu 

34.0 

66.0 

IIO.O 

31.6 

63.2 

94.7 

28.9 

37.3 

66.3 

26.7 

51.2 

78.0 

Uttar Pradesh 

22.6 

14.0 

36,6 

17.8 

13.3 

31.1 

10.9 

39.4 

50.4 

8.7 

37.8 

46.5 

West Bengal 

NA 

NA 

NA 

NA . 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

All India 

21.0 

25.9 

46.9 

22.6 

25.8 

48.4 

23.2 

26.3 

49.5 

21.2 

35.6 

56.8 


Notes: (i) The percentage progress made is measured as a ratio of the change in given period to the required change to reach the goal For 
example the progress in CBR during 1971-81 is 100* (B71 - B81)/(B71 - 21), where B71 and B81 are the CBRs for 1971 and 
1981 and 21 is long-term goal for CBR. 

(ii) The percentage progress made during two periods for the same area is additive; i.e. the progress made during 1971-91 is the sum 
of the progress made during 1971-81 and 1981-91. 

(iii) *For TFR 1971-81 and 1971-91 the changes are from 1972 to 1981 and 1972 to 1991. The rest of the figures are for years 
1971, 1981, 1991 and 1993. 

**The ratio of change in 1981-91 to 1971-81 is not computed if there is an increase in CBR, TFR or IMR values during a 
period. 

(iv) The long-term goals for all the states are assumed to be the same though they may be achieved in different years. 

Sources: (1) Various publications of the Sample Registration System by the Registrar General, including ref 5 

(2) Ref. 3. 6 • • . 

Computed from figures given in Table 1. 
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on Population Policy’ under the chairmanship of M. S. 
Swaminathan that submitted its report^ in May 1994 
has recommended the long-term demographic goals for 
TFR as 2.1 and IMR of 30 infant deaths per 1000 live 
births to be achieved by the year 2010. The Eighth-Plan 
document (1992-97) has recommended a long-term goal 
for a CBR of 21 to be reached by 2006-11, that implies 
an effective couple protection rate (ECPR) of 70%. The 
IP with regard to decline in the CBR value during 1971-91 
towards the long-term goal of 21 can be measured as 
lOOx (CBR-71 minus CBR-91)/(CBR-71 minus 21). 

Table 2 provides data on the IP values computed for 
major states for selected measures of fertility, mortality 
and contraceptive use in relation to their long-term 
goals. For the country as a whole the IP value for CBR 
during 1971-81 was 21% [100* (37.2-33.8)/ 

(37.2-21)], during 1981-91 was 28% and during 1981- 
91 was [100 *(33.8-29.5)7(37.2-21)]. Thus, during 
the whole period 1971-91, IP was slightly less than 
half (49%) towards the long-term goal of 21 set for 
CBR and the progress towards the goal during 1981-91 
was 33% more than in the earlier decade. The IP values 
are studied only for the periods 1971-91 since we 
preferred to use three-year average values that are statis¬ 
tically more reliable around 1971, 1981 and 1991. 

The decline in fertility during the period 1971-91 
measured in terms of TFR, a more refined measure of 
fertility that denotes the average number of children 
born to a woman in her entire reproductive span assuming 
that she experiences the level of age-specific fertility 
rate obtained in a given year or period, is more 
pronounced. In 1991, TFR (average of 1991-93 values) 
was 3.7 births per woman in the country as a whole, 
ranging from a low of 1.8 in Kerala to a maximum of 
5.2 in Uttar Pradesh. In the country as a whole, TFR 
declined from 5.2 in 1972 to 4.5 in 1981 to 3.7 in 



Figure 1. Percentage progress in CBR to goal 21 during 1971-81 
and 1981-91. 


1991. IP towards the long-term goal of 2.1 for TFR 
was found to be 49% during 1971-91, made up of 23% 
during 1972-81 and 26% during 1981-91. In this con¬ 
nection, it is worth mentioning that, as a starting point 
for the measure of TFR, we have used the estimate 
obtained from the Special Survey on Fertility and Mor¬ 
tality^^ conducted by the Registrar General in 1973, provid¬ 
ing estimates for 1972, since those computed from the 
routine SRS, during the early seventies are considered 
to be underestimates^ ^ Thus, while we have the change 
in TFR measured for a period of nine years during 
1972-91, it is for a period of ten years during 1981-91. 

IP in TFR has been more than 100% in Kerala, 
implying that the state had already achieved by 1991 
the goal set for the country for 2010. The IP value 
was 96% in Tamil Nadu, which had almost reached the 
replacement level of fertility by 1991. It is, however, 
less than 50% in the states of Bihar, Madhya Pradesh, 
Rajasthan and Uttar Pradesh, states that are euphemis¬ 
tically referred to as ‘Bimaru’ states. The problem of 
fertility control is thus largely confined to the four large 
Hindi-speaking states in the north. Figures 1 and 2 
provide a graphic presentation of the states arranged 
according to their progress or IP values on CBR and 
TFR during 1971-81 (1972-81 for TFR) and 1981-91. 
From Table 2 it can be seen that the pace of change 
during 1981-91 is more than during 1971-81 excepting 
in Assam, Karnataka, Punjab and UP. In other words, 
there is an increasing pace of fertility decline in large 
parts of the country in the recent years. 

Factors contributing to fertility change 

Earlier studies on factors associated with fertility levels 
and changes in India and other developing countries 
have identified the determinants at two levels, viz. 



_ StaUs _ 
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Figure 2. Percentage progress in TFR to goal 2.1 during 1971-81 and 
1981-91. 
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proximate determinants and factors influencing proximate 
determinants. The proximate determinants of fertility are 
those intermediate variables through changes in any of 
which any modification in human fertility has to be 
brought about, viz. (a) natural fertility (NF), (b) nuptiality 
(NU), (c) contraceptive use (CU) and (d) abortions 
(AB) and three directly manipulable modernizing factors 
that are causally more distant from fertility as compared 
to the proximate variables, but that affect fertility power¬ 
fully through one or more of the proximate determinants, 
viz. (a) family planning programmes (FPP), (b) female 
literacy (FLR) and (c) infant mortality Among 

the proximate determinants, the variables that have played 
a dominant role in fertility changes (increase or decrease) 
directly in the past in the Indian context are natural 
fertility and contraceptive use and indirectly, female 
literacy and infant mortality. We will briefly discuss 
their contributions one by one in the Indian context, 
and what they portend for the future of fertility in this 
country. To discuss the contributions of all the proximate 
determinants and their determinants will go beyond the 
scope of this article. 

Proximate determinants of fertility 

Natural fertility. Natural fertility is defined as the fertility 
of a married couple in the absence of any deliberate 
control to increase the spacing between children or to 
limit the family size. In India, the natural fertility has 
been historically quite low, probably the lowest in the 
world. It was only about six births per woman, or just 
60% of the number observed in European populations 
in the eighteenth and nineteenth centuries, when they 
did not practice any contraception. Fertility levels have 
been kept in check in India by various social and 
cultural practices and to some extent are attributable to 
the high prevalence of febrile diseases such as tuber¬ 
culosis, malaria and malnutrition that reduced the biologi¬ 
cal fecundity and in some cases caused infertility in 
the couples. Despite the tradition of early and universal 
marriage, various religious and cultural restrictions on 
sex, prohibitions against widow remarriage, prolonged 
breast feeding contributed to low natural fertility. With 
modernization gaining rapid momentum after inde¬ 
pendence, these traditional and cultural practices that 
kept the natural fertility of Indian population at low 
levels for centuries have weakened considerably. Further, 
the increases in life expectancy and improvements in 
nutritional and health status attributable to green revolu¬ 
tion and control of many communicable diseases, the 
duration of married life that a woman spends in the 
reproductive period has increased rapidly and the natural 
fertility levels have increased steadily to approximately 
7 children in the seventies to 9 in the eighties^"^^^. From 
a detailed analysis of data on age-specific marital fertility 
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rates compiled from two large-scale sample surveys 
conducted in 1959 and 1972 in 11 major states in India, 
Srinivasan and Jejeebhoy^^ observed: 

The results consistently indicate an increase in the 
total marital fertility rates in eight of the eleven states 
(the exceptions being Kerala, Orissa and Punjab) between 
1959 and 1972. The most striking increases in marital 
fertility have been observed in those states where there 
has been practically no prevalence of contraception. The 
increase is 28% in Uttar Pradesh, 26% in Rajasthan, 
13% in Madhya Pradesh and all these states were 
practically under natural fertility conditions . . .’ (p. 103). 

This tempo of rise in natural fertility initiated in the 
early sixties continued into the seventies and in the 
state of Bihar the rising trend is observed even in the 
eighties. Pathak and Ram^^, using indirect techniques, 
estimate the level of natural fertility to be slightly more 
than 9 children in the eighties. Thus, it has to be 
recognized that whatever decline in the birth rate that 
has occurred in India has taken place in the context of 
an almost steady rise in the natural fertility levels of 
the population to about one-and-a-half times the initial 
level. The plateauing of this rise seems to have occurred 
in the eighties, and there may not be any further 
fertility-increasing effects of modernization. It is to be 
noted that in the absence of the vigorous family planning 
programme that we had in the past few decades, the 
observed fertility levels in the Indian population would 
have risen considerably. 

Contraceptive use. India can take legitimate pride in 
the fact that it is the first country in the world, developed 
or developing, to realize at the governmental level the 
extent of hurdles to development posed because of rapid 
population growth and launch an official programme of 
family planning as early as 1951 to control fertility as 
a part of the first five-year plan (1951-56). The 
governmental emphasis on the programme has accelerated 
over the years with plan expenditure on the programme 
rising sharply from a meagre Rs 14.5 lakhs in the first 
plan to 2304.5 crores in the seventh plan period, 1985-90. 
The current level of annual expenditure on the programme 
incurred by the states and the centre (plan and non-plan), 
mostly by the centre, is about 1000 crores per year. In 
1991, there were about 131,000 subcentres, 22,060 
Primary Health Centres, 1930 Community Health Centres, 
1515 Urban Family Welfare Centres and about 554 
district/state-level hospitals providing family planning 
services across the length and breadth of the country. 

The impact of such a massive expansion of activities 
in the field of family planning over the years is seen 
from the data on the increasing prevalence of contracep¬ 
tive use in the country (given in Table 1). The effective 
couple protection rate (ECPR) or the percentage of 
married women in the reproductive ages (15-44) 
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protected effectively from pregnancy by a modern method 
of contraception has increased from almost zero level 
in the late fifties, to 10.1% in 1971, 22.0% in 1981 
and 44.1% in 1991. In actual numbers, 64.07 million 
couples are effectively protected by contraception under 
the programme. Out of this 44.1% of couples using 
contraception effectively in 1991, 30.3% (or 68% of 
those protected) have been protected by sterilization (of 
the husband or wife), 6.7% (or 15% of those protected) 
by lUD and 7.2% (17% of those protected) by other 
methods that include oral pills, condoms, injectibles and 
others. Thus, sterilization, vasectomy until 1976 and 
tubectomy thereafter, has been the dominant method 
promoted by the programme from its very inception and 
accounts for the bulk of the protection in the country. 

In 1991 among the states the ECPR values ranged 
from a low of 26.0% in Bihar to 75.8% in Punjab. The 
IP values in ECPR furnished in Table 2 reveal that 
while towards the long-term goal of achieving 70% in 
the ECPR values, only 21.2% progress was made during 
1971-81; during 1981-91, 35.6% was made and the 
ratio of progress between the two decades is thus 1.7. 
This ratio has ranged from 7.1 in Punjab (where the 
progress during the 1971-81 decade was poor) to 0.7 
in Assam. In all the states other than Assam, the IP 
values in 1981-91 are higher than in the previous 
decade, indicating a rapid acceleration in the use of 
contraception in recent years. A considerable degree of 
caution has to be exercised in projecting this trend to 
future years because of the various assumptions made 
by the Department of Family Welfare in the computation 
of ECPR values. However, even if we assume that the 
quantum of increase in the ECPR values experienced 
during 1981-91, i.e. 21.8%, will be maintained during 
1991-2001, it will lead to an ECPR level of 65.1% in 
the year 2001 for the country as a whole, a level quite 
close to what is required to realize the replacement 
level of fertility. It has to be realized that further 
increase in ECPR values has to come mostly from the 
hitherto poorly performing states of Assam, Bihar, Raja¬ 
sthan, Orissa, Madhya Pradesh and Uttar Pradesh, that 
have performed below the national average in 1991 and 
that have about half the population of the country. 

An additional positive feature of changes occurring 
in the country during the past two decades is the 
reduction in the gender bias of the population. The 
people of this country have for centuries placed undue 
emphasis on the male child and this gender bias has 
been institutionalized in a number of ways through 
religion and other social institutions. The female child 
has been given a secondary position in the family and 
society in all aspects, including education, property 
ownership, health care and decision making. This bias 
seems to be breaking down in recent times. The data 
collected in a large-scale survey^^ conducted during 
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1988-89 by the Operations Research Group (ORG), 
Baroda, to study the levels, trends and determinants of 
contraceptive use in the country revealed that among 
couples in the reproductive ages (wife in the age range 
15-44), among those with two surviving children, both 
daughters, 35.6% were using a modern method of con¬ 
traception and 15.6% have undergone sterilization. Even 
among those with no surviving children 12.0% were 
using a modern method of contraception. Figure 1 
provides the contraceptive prevalence rate by numbers 
of surviving children and surviving sons. While there 
is an increased use of contraception among couples with 
more sons, the practice among those without any son 
has also risen substantially. 

One of the major reasons for the reduced impact of 
the family planning programme on the fertility levels 
in India is the undue emphasis placed by the programme 
on the method of sterilization, vasectomy for males until 
1976 and tubectomy for females thereafter. Since this 
is largely an irreversible and permanent method, couples 
prefer to adopt it after they have reached the desired 
family size and at older ages and higher parities. Couples 
who wanted to space their children and keep the option 
of their fertility open did not take to these methods 
and invariably landed up with a larger family size than 
what they would have liked to have if good temporary, 
reversible methods were made available to them from 
the early years of the programme. The sterilization 
programme has been like ‘locking the stables after the 
horses have been bolted away’. Further, with the rise 
in natural fertility pushing up the fertility levels of the 
younger married couples (because of relaxation of tradi¬ 
tional checks on fertility and control of febrile diseases 
and better nutrition) only the tail end of the fertility 
curve was affected by the programme while at the peak 
ages of fertility, viz. 20-29 years, the marital fertility 
was rising during the sixties and seventies. Since the 
rising phase of natural fertility had largely been com¬ 
pleted by the late eighties (possibly with the exception 
of Bihar) and increasing emphasis is being placed on 
the spacing methods in recent years, the fertility impact 
of the programme is likely to increase in the coming 
years with more and more younger women coming to 
use modern methods of contraception. 

Another indication of major changes taking place in 
the population is on the extent to which couples have 
reported not desiring any more children at different 
stages of their family building in the early eighties and 
nineties. In a large-scale sample survey conducted by 
the ORG, Baroda, in 1980-81, the percentage of eligible 
couples who did not desire any additional children in 
the country as a whole was 1.0, 12.7, 43.3, 68.7 and 
83.7, among married women with 0, 1, 2, 3 and 4 or 
more living children respectively. The corresponding 
percentages in the 1992-93 National Family Health 
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Survey‘d are 2.3, 19.1, 61.8, 78.0 and 83.6, respectively. 
These figures include a sizeable proportion who have 
already resorted to sterilization to avoid further child 
bearing. Particularly impressive is the rise in the propor¬ 
tion of women with two living children not wanting 
any more children, which is 62%, half of whom had 
already undergone sterilization. . 

Nonproximate developmental factors in fertility 
change 

Declines in infant mortality. Detailed studies of the 
demographic transition in the developed and developing 
countries have revealed a strong link between declines 
in the mortality levels of a population, especially in the 
infant and child mortality and fertility levels. The well- 
known ‘theory of demographic transition’ is based on 
the empirical evidence from a number of countries that 
have successfully achieved the transition from a high- 
fertility-high-mortality to low-fertility-low-mortality regime. 
In all these cases, mortality declines always preceded 
fertility declines with a time lag and the pace of mortality 
decline determined the pace and timing of fertility 
decline even in the absence of any organized contracep¬ 
tive services. Family planning programmes assist and 
expedite the pace of fertility decline once they have 
commenced as a part of the multiphasic social response 
to earlier mortality declines^”. 

Life expectancy in India has improved substantially 
from the third decade of this century from an estimated 
20 years in 1921 to 60 years in 1991. During the four 
decades 1941-51 to 1981-91, life expectancy rose by 
25 years with about 0.6 years added to an Indian’s life 
each year. Credit for this considerable achievement goes 
to various public health measures undertaken by the 
central and state governments. Life expectancy varies 
considerably among the states, with 71.1 years in Kerala 
to 49.6 years in Uttar Pradesh for the quinquennium 
1986-91. The crude death rate has declined from 47.2 
fatalities per thousand population during 1911-21 to 9.3 
in 1993. The decline in the death rate seems to have 
begun after 1921, and since 1951 has been quite rapid. 
Infant mortality rate (IMR; deaths of children below 
age one year per 1000 live births), was estimated at 
222 for the decade 1901-11, declined to 129 for 1961-71 
and to 74 by 1993. There are sizeable interstate variations 
in the IMR values. In 1993, IMR ranged from 110 in 
Orissa to 13 in Kerala. There are also rural-urban 
differentials in the IMR values, 82 in the rural areas 
compared to 45 in the urban areas in 1993. The dif¬ 
ferentials can be largely attributed to the prevalence of 
better health and medical care facilities in states such 
as Kerala, Maharashtra, Tamil Nadu and West Bengal 
and to the relative concentration of these facilities in 
the urban areas in most states. It has been observed 


that as the infant mortality levels decline, rural-urban 
differentials tend to narrow down. For example, in 
Kerala, in 1993 the rural IMR was 15 compared to 8 
in the urban areas while in Orissa the rural rate was 
115 compared to 69 in urban areas. The reduced dif¬ 
ferentials in mortality seem to be an indicator of the 
extent of dispersion of basic health services across the 
country. The declines are attributable to the control of 
various infectious and communicable diseases that had 
been taking heavy tolls among children. Concomitantly, 
there is a tendency for mortality rates among the adults 
and the elderly to rise because of increases in noncommu- 
nicable diseases, including cardiovascular problems, can¬ 
cer and accidents. The shift from the age pattern of 
deaths from younger to older ages and predominantly 
infectious to noninfectious diseases has been termed as 
the ‘epidemiological transition’ and many states in India 
are almost completing such a transition. The basic 
requirement for a sustained fertility transition, viz. decline 
in the mortality levels, especially the infant and child 
mortality levels, is present in the Indian population with 
varying degrees of success in different states. The states 
that have achieved faster declines in mortality levels 
such as Kerala have achieved lower fertility levels well 
ahead of the other states. 

Analysing the progress made in the reduction of IMR 
values towards the long-term goal of 30 infant deaths 
per 1000 live births, through the index of IP given in 
Table 2, it is found that in the country as a whole the 
IP during 1971-91 is about 50%, with 23% during 
1971-81 and 26% during 1981-91. There is thus a 13% 
acceleration in the pace of decline in IMR values in 
recent years. Figure 3 gives a graphic representation of 
IP values in different states during 1971-81 and 1971-91. 
The minimum decline has been recorded in the state 
of Orissa and more than 50% IP values are found in 



Figure 3. Percentage progress of IMR to goal 30 during 1971-81 
and 1981-91. 
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the states of Assam, Himachal Pradesh, Kerala, 
Maharashtra, Punjab, Tamil Nadu and Uttar Pradesh. It 
is found that among the larger states only the state of 
Kerala has already achieved both the fertility and infant 
mortality goals set for 2010, with a TFR of 1.8 CBR 
of 18.3 and IMR of 16 by 1991. While Tamil Nadu 
has almost reached the fertility goals with TFR of 2.2 
and CBR of 20.8 by 1991, its infant mortality rate of 
56 in 1993 is still distant from the goal of 30. However, 
Tamil Nadu and Punjab have achieved the IMR goals 
set by the earlier National Health Policy of 1983, 
wherein the goal was to reach a level of 60 or less by 
the year 2000. Thus, the picture that emerges from an 
analysis of the changes in the IMR values between 
1971 and 1991 is that the tempo of change (decline) 
in the IMR values has accelerated in the recent decade 
1981-91 compared to the earlier decade and this is 
bound to have an effect in accelerating the pace of 
decline in fertility in the coming years. 

Female literacy. One of the major determinants of 
demographic transition leading to declines in infant and 
child mortality, overall mortality, increase in age at 
marriage, rise in use of modern methods of contraception, 
declines in the fertility levels of the population and 
development per se is education of women. Societies 
that have achieved universal literacy of females and 
higher educational attainments for women have all 
recorded more rapid demographic transition. The fertility 
transition in China, Sri Lanka and Kerala state in India 
all bear ample testimony to the above conclusion. This 
is demonstrated strongly by data in Table 1, wherein a 
strong negative association between female literacy rate 
and fertility levels is observed in all the three census 
years (e.g. -0.85 in 1991). 

Literacy rate for females aged 7 and above increased 
from 22.9% in 1971 to 29.8% in 1981 to 39.4% in 
1991. In 1991 it ranged from a high of 86.9% in Kerala 
to a low of 20.8% in Rajasthan. While the literacy rate 
both among the males and females has been rising over 
the decades, the absolute number of illiterate females 
in the population aged 7 and over has been increasing 
steadily, to 126.7 million in 1991, with an increase of 
5.7 million during the decade 1981-91. Almost 80% of 



Figure 4. Path model. 


the illiterate female population of the country (about 
96 million) are concentrated in the four large Hindi¬ 
speaking states of Bihar, Madhya Pradesh, Rajasthan 
and Uttar Pradesh. 

A multivariate model 

The combined and separate effects of three of the four 
contributory factors discussed above, viz. FLR, IMR, 
ECPR on the TFR can be assessed by a simple path 
model. We are not in a position to take account of the 
factor of natural fertility since we do not have direct data 
on the same and any measure of natural fertility has to 
be derived only indirectly from the observed fertility 
measures and the extent of the use of contraception. 

In the path model (Figure 4) each variable is assumed 
to be influenced only by others posited to the left of 
it and not by any on its right. In the above model the 
TFR is assumed to be influenced by all the three fac¬ 
tors—FLR, IMR and ECPR; ECPR is assumed to be 
influenced by IMR and FLR, and IMR by FLR, in 
addition to the other factors not explicitly entering into 
the model but affecting the variability of the factors. 
The zero-order correlation coefficients among the four 
variables for the years 1981 and 1991 are furnished in 
Table 3, where the figures in the upper triangle of the 
matrix provide the coefficients for 1981 and the lower 
triangle for 1991. Using the data for 1991 given in 
Table 1 the following regression equations emerge by 
applying the simple least-square method of estimation. 
All the correlation coefficients are statistically significant 
and reveal the strong interrelationships that exist among 
them. 

Using the above path model and standardized variables, 
the regression equations among the variables are as 
follows. In this case the regression coefficients are the 
path coefficients, as per the above causal model. 

TFR = - 0.79 *FLR + 0.01*IMR-0.10* ECPR, (1) 
/2 = 16 and /^-squared = 0.74, 

ECPR = 0.58 * FLR - 0.01 * IMR, (2) 

n = 16 and R-squared = 0.35, 

IMR = - 0.79 * FLR, (3) 

« = 16 and J?-squared = 0.63. 

Table 3. Correlation matrix of selected variables in 1991 

TFR 1.00000 

IMR 0.68190 1.00000 

ECPR -0.56962 0.47290 1.00000 

FLR -0.85386 0.79412 0.58982 1.00000 

Critical value (1-taiI, 0.05) = ±0.42706 

(2-tail, 0.05) = ± 0.49580 

w = 16 
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The above analysis reveals that 74% of the variability 
in TFR is explained by the three factors considered but 
among them only FLR has a significant direct impact 
on fertility with a very high magnitude path coefficient 
of ~ 0.79. Similarly, FLR has a statistically significant 
impact on the IMR as well as on the ECPR value. 
Thus, in the present context FLR seems to have a major 
effect, directly on TFR through its effect on age at 
marriage, use of induced abortions, etc., and indirectly 
on marital fertility rate through better acceptance of 
contraception from within the programme. 

Interestingly, repeating the above analysis with the 
data for 1981 and using the standardized variables, the 
following equations emerge. Since the regression coef¬ 
ficients are based on standardized variables and they 
are the path coefficients, they permit comparison of the 
effects of variables over time and among the different 
variables. 

TFR = - 0.28 * FLR + 0.39 * IMR-0.38 * ECPR, (4) 
n = 15 and R-squared = 0.82, 

ECPR = 0.63 * FLR - 0.01 * IMR, (5) 

n - 15 and R-squared = 0.41, 

IMR = - 0.78 * FLR, (6) 

n = 15 and R-squared = 0.78. 

Comparison of the results for 1991 and 1981 reveals 
that the effect of FLR on IMR has remained stable and 
significant over time with over 75% of variance in IMR 
value explained by FLR. The effect of FLR on ECPR 
has declined over time. With regard to their direct 
impact on TFR values, while IMR and ECPR were 
having a significant effect and FLR not a significant 
effect in 1981, the effects are reversed in 1991 with 
only FLR having significant effect on fertility in 1991. 
This suggests that in the coming years more than the 
family planning programme, which offers the family 
planning services, education of women may play a more 
crucial role in shaping the fertility values in the country. 
The increased emphasis placed by the state and central 
governments on the literacy programme through the 
national literacy campaigns with emphasis on female 
literacy will have its direct and indirect impact of the 
fertility levels in the coming years. 

Future prospects for fertility 

As with any prediction exercises of future human beha¬ 
viour, prediction of future fertility levels in India is a 
highly probabilistic endeavour, with the level of uncer¬ 
tainty increasing with the time span over which the 
predictions are made and the smaller level of population 
aggregation at which it is made. Predictions over a 
longer time span and for smaller geographic or population 
size zones are more loaded with uncertainty than predic- 
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tions over a shorter time span and for the country as 
a whole. 

Let us undertake this venture at two levels, one a 
simple and the other a more complex modelling. For 
example, TFR was 3.7 in 1991, 4.5 in 1981 and 5.2 
in 1972. 

During 1972-81 it declined by 0,7 points (5.2 to 4.7) 
while during 1981-91 by 0.8 points (4.5 to 3.7), implying 
that the reduction in TFR over the 20-year period was 
almost at the rate of 0.8 points per decade. If this trend 
of decline continues into the future, i.e. at 0.08 point 
reduction per year, then the TFR will be 2.9 by 2001 
(3.7-0.8). Similarly, with regard to CBR, if we assume 
that the pace of decline during 1981-91 will continue 
into the future, the expected value in 2001 will be 25.5 
(29.6-4.2). These are simplistic extrapolations of earlier 
trends. 

We can make the projections of fertility a bit more 
complex and indirect by using regression of TFR on 
the important contributory factors discussed above, viz. 
IMR, FLR and ECPR and using the projected values 
of the predictors. The regression equation using the 
actual values (rather than standardized values as needed 
for the path model), based on the 1991 data is: 

TFR = 5.6324 + 0.0004 * IMR - 0.0066 * ECPR 

- 0.0446 * FLR (7) 

(multiple R = 0.8578). 

The projected values of the three predictors by the 
year 2001 can be obtained as follows under as realistic 
and conservative an approach as possible. 

1. Infant mortality rate. For the country as a whole 
IMR has declined from 129 in 1971 to 106 in 1981 
and to 80 in 1991. The governments at the state and 
central level have, in recent years, intensified their child 
immunization programmes throughout the country in 
collaboration with and assistance from the UNICEF 
under the Child Survival and Safe Motherhood Program¬ 
mes (CSSM). There has also been tremendous media 
blitz on the need for immunization, and child care and 
nutrition, and we can expect, on a conservative assump¬ 
tion, that in the next ten years, during 1991-2001, the 
quantum of decline in the IMR values will be of the 
same magnitude as in the decade 1981-91, i.e. a decline 
by 26 points. Under this assumption we can project the 
IMR value in 2001 at 54. 

2. Effective couple protection rate. For the country 
as a whole the ECPR values have increased during the 
decade 1981-91 by 21.3 points from 22.8 to 44.1%. 
With the increased emphasis on spacing methods and 
concern for improvement of the quality of services, in 
recent years, we can expect this tempo to be maintained 
in the period 1991-2001 and we can expect ECPR to 
increase to 65% (44 + 21) by the year 2001. This assump¬ 
tion seems to be a bit optimistic and hence we will 
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make another assumption, on the more conservative side, 
55%, in which we assume that the increase in the ECPR 
value is only 11%, slightly less than what was achieved 
in the decade 1971-81, which was 12.7%. We will thus 
have two assumptions of 55% and 65% for the ECPR 
values by the year 2001. 

3. Female literacy rate. FLR is going to be the cutting 
edge of demographic change, especially fertility transi¬ 
tion, in this country in the years to come. It has increased 
from 22.9% in 1971 to 29.8% in 1981, to 39.4% in 
1991, or by a factor of 1.30 and 1.32 in the two 
decades. In recent years there has been considerable 
emphasis on the literacy of women and the girl child 
through the national literacy campaigns, mid-day meal 
schemes for school children, and various mass media 
programmes. I expect such a national movement to 
increase FLR exponentially by the same factor between 
1981 and 1991. In other words, I expect the literacy 
rate among females aged 7 and over by the year 2001 
to be FLR-91 *(FLR-91/FLR-81) or 52.0. 

Under these assumptions of future changes in the 
predictors of fertility, i.e. IMR of 54, ECPR of 65 or 
55 and FLR of 52 by 2001, using equation (7) we get 
TFR in 2001 as 2.91 or 2.97, with ECPR at 65 or 55, 
respectively. With the same reasoning as above, if we 
extrapolate the predictor values to 2001, IMR will be 
28, ECPR will be 86 or 66 and FLR will be 69 by 
that year. Using these values for the predictors in the 
regression equation we get a TFR for 2011 as 2.00 or 
2.13 for the two ECPR alternatives. The long-term goal 
of TFR of 2.1 to be reached by the year 2011 will 
definitely be reached under these assumptions. Thus, 
we can expect TFR to be in the range 2.9-3.0 by the 
year 2001 and 2.00-2.13 by the year 2011. If there is 
going to be a spurt in FLR in the coming years (which 
is not unlikely), it will have a major impact on the 
future fertility levels. It has to be realized that a 20% 
point increase in the FLR value will reduce TFR by 
one child. 

I have not discussed in this exercise the various 
difficulties that are going to be faced in the programmes 
for reduction of IMR, increase in the use of contraception 
within the programme (ECPR) or raising the FLR, and 
these are by no means to be underestimated. The need 
to intensify our efforts on immunization and child nutri¬ 
tion programmes, improvements in the quality of services 
offered in the maternal, child health and family planning 
programmes and achievement of universal literacy for 
all with emphasis on the schooling of the female child 


are to be emphasized at the risk of repetition. However, 
I wish to point out that fertility has started its downward 
trend in this country, that the pace of decline is ac¬ 
celerating in the past decade and that the changes in 
three important determinants of fertility, IMR, ECPR 
and FLR, are also changing fast enough to have syner¬ 
gistic dampening effect on fertility and that the goal of 
replacement level of fertility or TFR of 2.1 will definitely 
be reached by the year 2010 as targeted in the recent 
population policy document, if not earlier. 
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Adaptive features of the predatory ladybird 
beetles in uncertain and competitive habitats 


B. K. Agarwala and S. Bhattacharya 

Department of Life Science, Tripura University, Agartala 799 004, India 


The predatory species of ladybird beetles forage in 
habitats where aphid colonies show a patchy distribu¬ 
tion in space and time. In an uncertain environment 
the numerical response of the females to aphid density 
suffers from unstable food source and sharing of the 
habitat by different ladybird species. As a result, the 
reproductive effort of a predatory ladybird species is 
threatened by the intraspecific and interspecific com¬ 
petitions. It is imperative that ladybird species should 
synchronize their reproduction and development of 
progeny with phenology of prey populations in order 
to overcome the risks of their habitats. This paper 
brings together the results of several studies to present 
an account of the adaptive mechanisms evolved by the 
predatory species of ladybirds to cope with the risks 
inherent in their life cycle. 


Many species of ladybird beetles (Insecta, Coleoptera, 
Coccinellidae) are predators of aphids, and other insects 
and mites. Some of these ladybird beetles are regarded 
as important natural control agents because of their 
ability to feed on large quantities of aphids*. Several 
species of aphids are a menace to agriculture and 
horticulture^"^. As part of integrated pest management 
strategy, increasing efforts are being made to understand 
the ecology of predatory ladybird beetles in the develop¬ 
ment of successful biological control of pest aphids^’*^. 

Field studies suggest that larvae and adults of most 
ladybird species search plant surfaces at random and 
concentrate their efforts on the restricted area where a 
prey is captured, i.e. they show a positive prey-taxis^’®. 
As a consequence of this foraging behavior, ladybird 
beetles manage to exploit aphid colonies that have a 
patchy distribution and a short life span"*. This tendency 
results in an aggregation of either conspecific larvae and 
adults or other species of ladybirds that share the same 
habitat and, therefore, are likely to interact with one 
another*’^’***. In such a competitive environment, it is possible 
that the reproductive output of individual species is 
threatened by one or more of the following risks: 

1. temporary nature of food supply - for instance, sudden 
collapse of aphid colonies before larval development 
is completed; 

2. cannibalism of eggs and larvae; and 

3. interspecific predation. 
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How predatory ladybirds overcome these inherent risks 
is the question this paper seeks to answer by reviewing 
the adaptive features of their reproductive behaviour, 
interspecific predations and cannibalism. 

Reproductive behaviour 

The reproductive behaviour of aphidophagous ladybird 
beetles is guided by the following facts: (i) the aphid 
populations persist for a relatively short period of time"*; 
(ii) the developmental time of ladybirds and the life 
span of aphid colonies are approximately equivalent**, 
and (iii) there is necessity of avoiding any competition 
between larvae for the limited food resource. Further, 
it has been shown that the newly born larvae need a 
higher aphid density to survive than the older ones, and 
that feeding success of these young larvae is negatively 
correlated to prey size*^. In these conditions it is con¬ 
ceivable that the life cycle of ladybirds should 
synchronize with the development of prey populations. 

Field observations based on survey of different habitats 
occupied by Adalia bipunctata L. show that eggs are 
generally laid in aphid colonies early in their develop¬ 
ment*^’*^ and oviposition is limited to a short period of 
the early phase of population growth*"*. Similar results 
have been obtained for another ladybird species Coc- 
cinella transversalis (Fabricius) in bean crops infested 
by Aphis craccivora Koch* (Figures 1 and 2). 

Laboratory observations further suggest that oviposition 
is strongly inhibited by the presence of conspecific 
larvae or other females*"* (Figure 3). Such females not 
only produced less number of eggs but also took more 
time to lay eggs than control females. Interestingly, 
however, ovipositing females did not respond adversely 
to the presence of their own pupae and eggs. The 
possible cause of such an interference could be some 
form of signal, as reported in parasitoids^, to the oviposit¬ 
ing female, who gets the indication that the size of 
aphid colony is not suitable for egg laying. 

A recent study^ suggests that an adult ladybird female 
lays an optimum number of eggs in an aphid colony. 
Since an aphid colony is a finite and temporary food 
source, the time of its existence is just enough for the 
larvae of ladybird to complete their development but 
not reproduce in that colony (Figure 4)*^ This implies 
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Figure 1. Distribution of ladybird eggs, larvae and adults of Coccinella 
transversalis in bean fields in time relative to peak abundance of aphid 
Aphis craccivora. 


Figure 3. Average number of eggs laid by the females of ladybird 
Adalia bipunctata during 3, 6 and 9 h in 5 cm Petri dishes, in which 
they were kept singly, with another female or with three fourth-instar 
larvae (30 replicates for each treatment) (after ref. 14). 
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Figure 2. Number of aphid A, craccivora (—) and ladybird C. 
transversalis (histogram)/! 00 shoots recorded in bean field. 

that the optimum number of eggs laid by an adult 
ladybird corresponds to the maximum offspring biomass 
which can be supported by aphid biomass. Thus the 
reaction of ovipositing females to the presence of con- 
specific larvae in an aphid colony seems to be adaptive 
because it allows females (i) to choose young aphid 
colonies - the presence of larvae indicates that the aphid 
colony has been present for some time, and (ii) to avoid 
situations where competition for food could threaten the 
development of their offspring. Under these circumstan¬ 
ces adult ladybirds are likely to leave an aphid aggregate 
and begin search for-a new colony soon after a certain 
number of eggs are laid. Further studies on these aspects 
are currently being pursued by many investigators. 



Figure 4. Reproductive behaviour of ladybirds: the period during 
which egg laying is compatible with the requirements for the survival 
of larvae. E3 = egg laying, E3= larval development (open means that 
larvae cannot complete their growth; ^unsuccessful; ^successful 
reproductive effort; and d^ = threshold densities for the survival of 
first- and fourth-instar larvae, respectively; d.t. = developmental time) 
(after ref. 16). 


Cannibalism 

An aphid colony is likely to be frequented by a succession 
of female ladybirds. As a result, larvae of different ages 
could forage on the same colony. Ladybirds which arrive 
late at an aphid colony are faced with optimization 
problem, i.e. the maximization of offspring production. 
Increase in predator density will bring about decrease 
in the number of prey available to each predator of 
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habitat (Hollying type II response)As a result, there 
will be a lower rate of increase in predators and a 
higher rate of cannibalism. Laboratory experiments reveal 
that egg and larval cannibalism are inversely related to 
aphid abundance (Figure 5). Conspecific eggs are more 
likely to be encountered and eaten than larvae because 
the former is immobile and laid in a cluster^^. Field 
observations also suggest a density-dependent egg can¬ 
nibalism in ladybirds However, ladybirds have 
developed effective mechanisms to avoid the risk of 
cannibalism: (i) the female ladybird does not oviposit 
in or immediately around an aphid colony because the 
adults and larvae aggregate there^°’^‘; (ii) female ladybirds 
synchronize oviposition with the early development of 
aphid colonies, thus refraining from laying of eggs in 
the presence of larvae or even other females; and (iii) 
adult females are reluctant to eat their own eggs (Figure 
6), and second-instar larvae have been seen to avoid 
eating sibling eggs^^. This may be adaptive as it would 
reduce the chance of females eating their own eggs, 
whereas males are less likely to come across eggs they 
have sired. Non-sibling cannibalism, however, would 
still occur^\ and in a situation of prey scarcity this 
could be an effective means by which adults could fuel 
their reproductive efforts and eliminate potential com¬ 
petitors. This mechanism can ensure future availability 
of food for themselves and their offspring. 


(L.), Coccinella septempunctata L. and C undecim- 
punctata L. commonly coexist in the same habitat^ In 
their coexistence their eggs and larvae are likely to 
occur in the same aphid colony Laboratory experiments 
indicate that the different species of ladybirds interact 
with one another, leading to predation of some of them 
(Figure 

Available results suggest that interspecific predations 
are asymmetrical. Starving larvae and adults of A. 



Predation 

Ladybirds like Adalia bipunctata (L.), A. decempunctata 



Figure 6. The mean number (± SE) of their own and alien eggs 
eaten by female Adalia bipunctata after 1, 5 and 24 h (after ref. 22). 
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Figure 5. The proportion of the clutches of eggs (A, •) and third-instar 
larvae (B, O) of Adalia bipunctata eaten by its fourth-instar larvae 
in relation to aphid density after 1, 5 and 24 h (eggs: A = 0.95; 
y= 1.007-0.00 17 jc; larvae: A=0.91, y = 1.003 - 0.044 jc; means of 20 
observations) (after ref 18). 


Figure 7. The proportion of eggs of their own and three other species 
eaten by larvae of four species of ladybirds (the four species are: 
Adalia bipunctata = A2, A. decempunctata-AlO, Coccinella septem¬ 
punctata-C7 and C. undecimpunctata = Cl 1; 2- or 3-day-old fourth- 
instar larvae of the four species starved for 24 h prior to experiment; 
larvae were offered equal weight of eggs of the four species; n varies 
between 20 and 30) (after ref. 18). 
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bipunctata and C. septempunctata ate significantly fewer 
eggs of their own species when painted with a water 
extract of the eggs of other species. Thus, the eggs of 
both these species are protected to some extent from 
predation. The protective chemical used in this case 
was water-soluble (Figure 8)'^ 

The results of further experiments have confirrned^^ 
that eating of the eggs of other species is not without 
risk, and that smaller species is better defended than 
larger species. An interesting study on the interaction 
between A. bipunctata (smaller species) and C. septem¬ 
punctata (larger species) provides a good example. Lar¬ 
vae of the latter species fed on A. bipunctata eggs 
showed a significant increase in mortality than the larvae 
of former species fed on C. septempunctata eggs. The 
available information on interspecific predation is limited 
to a few of a large number of known ladybird species^’^^. 
More results in future studies on a number of other 
species would strengthen the cun'ent thinking on inter¬ 
specific predation and its possible impact on the reproduc¬ 
tive behaviour of ladybird beetles. 

That ladybirds use bitter-tasting alkaloids as a defence 
against predation by ants and birds^"^^^ shows the chemi¬ 
cal defence ability of the ladybird eggs. It would appear 
from the results that defence is based on odour rather 
than on colour. Recent studies suggest that clustered 
eggs of either Coccinella transversalis (Fabricius) or 
Menochilus sexmaculatus (Fabricius) are significantly 
less likely to be eaten by the larvae and adults of the 
rival species than the eggs offered singly (Agarwala, 
Bhattacharya and Bardhan Roy, in preparation). However, 
clustering of eggs does not prove to be a deteiTant in 
cannibalism. In this context it is interesting to note that 
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Figure 8. The effect on egg cannibalism in Adalia bipunctata and 
Coccinella septempunctata of painting eggs with water extract of 
conspecific eggs (concentrated extract) and a water extract of other 
species eggs (other extract) (1 mg of egg crushed in 0.15 ml of distilled 
water, centrifuged for 2 min and 0.05 ml of the supernatant painted 
on a batch of 10 eggs with a micropipette; eggs left dry for 2h; 10 
eggs offered to a starving fourth-instar larvae; experiments last 24 h; 
/I = 20) (after refs 18 and 22). 


alkaloids are present in the eggs, larvae, pupae and 
adults of ladybirds. The effectiveness of alkaloids in 
deterring ants is concentration-dependent^^ Thus, cluster¬ 
ing of eggs in ladybirds appears to be an anti-predatory 
device and, therefore, is another instance of adaptation 
for self-preservation. It would be useful to examine and 
define the chemical defence in ladybirds in future studies. 

Conclusions 

Aphid populations undergo seasonal changes in abun¬ 
dance. This ensures a strong selection pressure in ladybird 
beetles, who can successfully synchronize their develop¬ 
ment and reproduction with the phenology of aphid 
populations. As a result, ladybird species are able to 
maintain an optimum number of eggs and larvae in 
each aphid colony. 

As aphid colony is a temporary habitat, a female 
ladybird chooses a young aphid colony for oviposition 
so that the resulting larvae could complete development. 
This behaviour of female ladybirds takes care of the 
new-born larvae, whose survival is dependent on an 
abundance of young aphids^^. However, the number of 
eggs laid by a female has a finite relationship with 
prey abundance (reproductive numerical response) 
because (i) a satiated female is less active and, therefore, 
does not oviposit, and (ii) early hatching of larvae in 
aphid colony serves as a deterrant signal to the egg 
laying of females. Consequently, an optimal oviposition 
by a female ladybird is obvious in the early phase of 
aphid population development^’^"^. Such a reproductive 
strategy ensures that ladybird biomass production is 
proportional to the aphid biomass likely to be available 
in an aphid colony. 

A lower reproductive response, thus, serves to max¬ 
imize the fitness of ladybirds in terms of successful 
development of eggs that are laid in an aphid colony. 
However, a ladybird population has inherent dangers in 
its ecology: their positive prey-taxis in foraging and the 
likelihood of sharing of an aphid colony by populations 
of other ladybird species with a similar phenology pose 
considerable challenge to eggs and larvae from canni¬ 
balism and predation. Spatial distribution of ladybirds 
ensures that adults keep arriving at a patch of aphid 
colonies, resulting in predator pressure, both intraspecific 
and interspecific, on eggs and larvae. The pressure of 
intraspecific predation or cannibalism is avoided (i) in 
part by lower numerical response, which ensures that 
the optimal number of ladybird eggs laid in a particular 
colony should be lower, thereby not offering an oppor¬ 
tunity of density-dependent cannibalism^^ and (ii) by 
the reluctance of a female to eat its own eggs, and 
also its inhibition in laying eggs in the presence of 
conspecific larvae. The ability of a ladybird to assess 
the quality of aphid colony diminishes the chances of 
egg and larval cannibalism. 
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Interspecific predation is subdued partly because 
ladybird eggs afford protection through chemical defence. 
Clustering of eggs in predatory ladybirds seems to be 
strongly adaptive. These devices not only result in 
increased fecundity in less time^^\ so vital for its reproduc¬ 
tive strategy, but also, more importantly, improve the 
chances of egg survival in two ways: (i) the defence 
acts as a distasteful deterrant to its predators^and 
(ii) some of the eggs in a cluster are inaccessible to 
parasites and predators^^ 

The various accounts mentioned here suggest that 
ladybird beetles have evolved a combination of 
mechanisms that ensure their occurrence in an environ¬ 
ment which suffers from limitations of temporary exis¬ 
tence of prey and risks of predations. Some grounds of 
the reproductive strategy of ladybirds in response to 
cannibalism and predation have already been worked 
out but the hypothesis that clustered eggs are chemically 
defended against ladybird predators needs verification. 
Also there is a need to understand more precisely the 
prey-predator interactions in terms of factors which 
maximize the fitness of ladybird beetles in an uncertain 
habitat. 
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This paper presents the results of a study of the 
radioactivity aspects of Indian coais. The measure¬ 
ments were carried out by gamma spectrometry and 
chemical methods for estimation of U-nat, Ra -2265 
Ra-228, K-40, Po-210 and Pb-210 in the samples. A 
brief description of sampling and measurement proce¬ 
dures are also given. Radiation dose estimates of the 
population from two typical thermal power stations at 
Neyveli and Ennore in Tamil Nadu have been attemp¬ 
ted using the model developed by UNSCEAR and 
ORNL reports as guidelines, with suitable correction 
for local population density, plant load factor, fly-ash 
release, coal consumption per day, etc. 


The global energy needs have enormously increased 
with rapid strides in technology and to a large extent 
these have been met from fossil fuels. India has to 
depend largely on coal reserves for her energy needs 
to meet the present demand and possibly in future also. 
The annual requirement of coal is expected to go beyond 
425 million tonnes by 2000 ad compared to current 
annual production of about 250 million tonnes. The 
total energy-generating capacity in the country is expec¬ 
ted to be about 106GW(e) by 2000 ad. Thermal power 
generation, as on 1994, is about 66% of the total 
generating capacity, i.e. about 65000 MW(e). 

Combustion of coal in thermal power stations (TPSs) 
gives rise to gaseous and particulate pollution in the 
environment, such as SO 2 , NO^, particulate matter, etc., 
which have long-term effects on vegetation, fish, animal 
life, human beings and even on buildings, structures, 
etc. This has also resulted in the release of large 
quantities of CO 2 adding to its continuous build-up of 
its level in the environment. It has been estimated that 
a 1000 MW(e) coal-fired power station consumes about 
3 million tonnes of coal per year, producing 7 million 
tonnes of CO 2 , 0.12 million tonnes of SO 2 , 0.02 million 
tonnes of NO^ and 0.75 million tonnes of ash^ The 
present coal consumption in TPS in the country results 
in adding an estimated 12.2 million tonnes of fly-ash 
into the environment every year, of which nearly a third 
goes into the air and the rest is dumped on land or 
discharged in waterbodies. 

In India, most of the coal available is of bituminous 
type. The quality of Indian coal is poor with 5-50% 
ash, 1—30% moisture, 79-82% carbon, 3.5-6.0% hydro¬ 
gen, 0.8-2.4% nitrogen, 1.3-10% oxygen, 13-50% 
volatile matter, 0.2-2.0% sulphur and 0.01-0.4% phos¬ 


phorus. Besides, coal also contains radioactivity due to 
primordial uranium and thorium series nuclides and 
K-40; during its combustion these natural radionuclides 
are readily released which disperse over a large area 
in the vicinity of TPSs^’^ Unlike most of the nuclear 
and hydroelectric power stations, coal-fired power sta¬ 
tions in India are generally located in areas which are 
thickly populated and hence the environmental impact 
experienced by the neighbourhood population may be 
of significance. Due to the high ash content of coal 
and relatively poor fly-ash control measures, particulate 
pollution as well as natural radioactivity deposition due 
to TPSs in India are higher than in some of the western 
countries. However, recently built TPSs in India have 
installed modern pollution control technologies which 
mitigate the pollution levels in the environment to a 
considerable degree. 

In the light of the possible radiological significance 
in the environment, studies have been carried out by 
several investigators in different parts of the world to 
assess the nature and quantity of radioactivity releases 
from thermal power stations using coal as fuel. Some 
of these studies have shown that the radiation hazard 
in the environment of the coal-fired power stations is 
comparable and sometimes even higher than that of 
nuclear power stations^^. There is thus considerable 
interest in investigating the radioactivity aspects of coal 
and fly-ash in Indian TPSs and their significance in 
terms of environmental impact and public radiation 
exposures. This paper presents the results of a study 
carried out to assess the radiological aspects of certain 
selected TPS units in the country using both coal and 
lignite. 

Materials and methods 

Coal samples for the study were obtained from West 
Bengal, Chanda (Maharashtra), Singareni (Andhra 
Pradesh) and Talcher (Orissa) coal fields. Lignite samples 
were collected from various locations of the Neyveli 
Lignite Corporation in South Arcot District of Tamil 
Nadu. The fly-ash and slag (bottom ash) samples were 
obtained from Singareni, Ennore and Neyveli power 
stations. Coal, fly-ash and slag samples thus obtained 
were thoroughly mixed, dried and ground to a fine 
powder and nearly 200 g each of the sample was filled 
and topped up in an air-tight plastic container of 
6.5 X 7.5 cm size and stored for nearly a month before 
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counting to ensure that nat. U and Th attain equilibrium 
with their respective daughters^. 

Standard sources of uranium and thorium have also 
been prepared in the same geometry by mixing known 
quantities of uranium ore and thorium nitrate salt with 
an inactive matrix having density close to those of the 
samples. For preparing K-40 standard, potassium chloride 
of Analar grade was used directly. Source strengths 
were selected in a way that would yield a low statistical 
error in channel counts for nearly one-hour counting. 
Sodium oxalate was used as a dummy matrix because 
it has low radioactivity content, is nonhygroscopic and 
has density close to the sample matrix. The overall 
errors due to sampling and source preparation were 
estimated to be ± 15% (ref. 2). The thorium nitrate and 
the uranium ore used for the source preparation were 
more than 15 years old and hence it was ensured that 
radium and thorium-228 had attained radioactive equi¬ 
librium with their daughters. 

The selection of the 12.5 x 10.0 cm Nal (Tl) detector 
of Harshaw make for the present work was made keeping 
in view the low specific activity of the samples to be 
counted and the maximum energy of interest^. The 
detector offers the best compromise if the energy of 
interest is up to 3 MeV. Similarly, the selection of the 
multichannel analyser for the analysis is also based on 
the criteria outlined by Schonfeld^. The choice of the 
internal dimensions of the lead shield and of lining it 
with cadmium and copper were also made to reduce 
the low-energy scattered background. 


Some of these samples were also analysed by 
radiochemical methods to determine concentrations of 
radionuclides like U-nat, Ra-226, Ra-228, Po-210 and 
Pb-210. Details regarding the radioanalytical procedures 
used in the study are described elsewhere^’ 

Results 

From the gamma spectrometric analysis of the samples, 
it was observed that the coal and its fly-ash samples 
contained radionuclides from both uranium and thorium 
series, while it was interesting to note that the lignite 
and fly-ash samples from Neyveli showed predominantly 
radionuclides from uranium series. 

Tables 1 and 2 give the results of the radiochemical 
analysis of the samples investigated. From Table 1 it 
can be seen that the coal samples from different regions 
showed more or less similar activity content, whereas 
the lignite samples showed a considerable variation in 
the activity levels. From Table 2, it can be seen that 
the lignite fly-ash contains higher amount of U-nat, 
Ra-226, Po-210 and Pb-210 compared to the respective 
concentrations of these nuclides in coal fly-ash. 

Among the samples investigated, the samples from 
Neyveli region showed evidence of higher concentration 
of uranium. The carbonaceous clay, which is present as 
a layer above the lignite seam, contains small amounts 
of U 30 g and is the main constituent which may be 
responsible for the observed higher concentration of 
uranium in the lignite samples^*^. Table 3 gives the 


Table 1. Radioactivity content in coal and lignite samples 



U-nat 

Ra-226 

Ra-228 

Po-210 

Pb-210 

Source 



(Bq/kg) 



Coal 

Singareni 

5.7-21.5 

6.7-15.5 

8.9-17.0 

2.6-21.8 

4.9-24.5 

Bengal 

22.3 

14.2 

17.4 

17.5 

16.3 

Chanda 

20.6 

15.7 

18.5 

18.1 

14.4 

Talcher 

40.3 

38.9 

40.2 

35.8 

36.1 

Singrauli 

53.8 

54.4 

45.5 

50.1 

48.6 

Ennore 

40.4-56.8 

8.1-31.8 

6.6-28.9 

18.9-43.7 

17.4-45.0 

Lignite 

Neyveli 

0.7-3.2 

BDL-5.4 

BDL-1.3 

BDL-9.8 

1.1-7.6 

Neyveli 
(power station) 

74.5-99.5 

37.3-109.9 

BDL-7.5 

67.1-87.7 

30.7-85.8 


Table 2. Radioactivity content in fly-ash samples 



U-nat 

Ra-226 

Ra-228 

Po-210 

Pb-210 

Source 



(Bq/kg) 



Singareni 

Ennore 

Neyveli 

18.8-27.9 

73.1-121.4 

207.5-635.3 

15.5-66.6 

16.0-94.1 

177.5-596.4 

13.7- 44.4 

15.8- 79.9 

24.4-59.4 

24.1-27.4 

5.9-55.9 

98.9-276.4 

25.7-30.2 

7.0-69.6 

155.8-271.4 
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observed levels of radionuclides in lignite from different 
layers as seen at the mine. The increase in the activity 
content of lignite fly-ash can be clearly traced to the 
mixing of the relatively higher activity of carbonaceous 
clay with lignite during the mining process and pul¬ 
verization, prior to combustion in the power station. 

Dose assessment 

In view of the range of activities and respective levels 
and the wide dispersion potential of radioactivity from 
coal-fired TPSs, it is of interest to calculate the doses 
received, if any, by the public inhabiting the neighbouring 
environment. In our earlier publicationsthe radiation 
dose commitments to the population living within 80 
km radius of thermal power stations were calculated 
following the 1980 UNSCEAR report. This was calcu¬ 
lated on the basis of an assumed plant load factor of 
50%, average coal consumption of 15 tons per day per 
MW(e) and 30% ash content of coal. A good deal of 
work has been done in the past few years by several 
investigators on assessing the doses and dose commit¬ 
ments from energy production in coal-fired and nuclear 
power plants. A review of the methods used for such 
calculations by De Santis^ has been taken into account 
and the method described by McBride et al^ has been 
adopted. The method described in this report gives a 
clear procedure for dose assessment from a model 1000 
MW(e) coal-fired and nuclear power plants. 

In the present calculations the actual average plant 


load factor during the period of sampling, the coal 
consumption, and the ash content of the coal used in 
a particular power plant, have been used^^’^"^ (Table 4). 
These calculations were also modified in the light of 
ICRP recommendations of 1977, i.e. change of quality 
factor for alpha particles from 10 to 20 and the concept 
of collective effective dose equivalent commitments. The 
Ennore TPS near Madras is equipped with electrostatic 
precipitators, for which an average fly-ash control of 
97% was assumed. The Neyveli TPS was equipped with 
mechanical or cyclone collector at the time of sample 
collection and a fly-ash control of 82% was assumed 
for this plant. These factors have been applied in deriving 
the dose estimates. 

McBride et al^ assumed that all the daughters of the 
uranium and thorium series were in equilibrium and 
had calculated the radiation doses in the population 
living within 88.5 km of the plant under normal climatic 
conditions using the AIRDOSE computer code for the 
atmospheric dispersion calculations. The annual precipita¬ 
tion assumed in these calculations is about 900 mm. 
The TPSs under the present study fall in the range of 
600-1000 mm annual rainfall. Hence, the data of Mc¬ 
Bride et al^ were used for calculation of dose with 
appropriate corrections for population density^^’^^ 
installed capacity, coal consumption and ash content, 
fly-ash control factor, average load factor for the samp¬ 
ling period and lastly the activity release ratio of the 
actual activity released in Indian TPSs to that of the 
model TPS. 

Using the above correction factors and assumption 


Table 3. Radioactivity content in lignite samples of Neyveli 


Sample 

no. 

Type of sai 


Bq/gm 


Sample 

no. 



Bq/gm 


nple Ra-226 

Ra-228 

K-40 

Type of sample 

Ra-226 

Ra-228 

K-40 

ASCI 

Carbonaceous clay 1.20 

0.07 

0.37 

AMLl 

Lignite 

0.06 

0.01 

0.06 

ASC2 

Ball clay 

0.02 

0.02 

0.02 

AML2 

Lignite 

0.05 

0.02 

0.07 

ASLl 

Lignite 

0.05 

0.07 

0.17 

AML3 

Lignite 

0.05 

0.03 

0.08 

ASL2 

Lignite 

0.03 

0.03 

0.12 

ANCl 

Carbonaceous clay 

0.33 

0.08 

0.09 

ASL3 

Lignite 

0.03 

0.03 

0.21 

ANC2 

Ball clay 

0.02 

0.04 

0.08 

AMSl 

Sandstone 

0.05 

0.09 

0.16 

ANLl 

Lignite 

0.05 

0.07 

0.17 

AMCl 

Carbonaceous clay 0.26 

0.09 

0.08 

ANL2 

Lignite 

0.04 

0.03 

0.12 

AMC2 

Ball clay 

0.02 

0.04 

0.08 

ANL3 

Lignite 

0.03 

0.03 

0.21 







Fly-ash 

0.26 

0.07 

0.14 

. Table 4. Estimated dose commitments from Neyveli and Ennore thermal power stations 





Activity released 

Collective effective dose equivalent commitment 






(MBq/yr) 


(man-Sv. yr~ 

') 


Name of 

Population 

Inst . Ash 








power 

density 

capacity content Avg, 



Bone 

Lung 

Thyroid 

Total 

plant 


(MW(e)) (%) 

PLF* 

Ra-226 

Th-228 K-40 

W.B. (1) 

(2) 

(3) 

(1+2 + 3) 

Ennore 

330 

330 35 

28.0 

518 

637 1409 

0.07 0.44 

0.14 

0.004 

0.584 

Neyveli 

370 

600 4 

59.3 

3684 

524 262 

0.36 2.49 

0.60 

0.022 

3.112 


*PLF-plant load factor. 
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for release considered by McBride et al\ it was found 
that, of the total dose received, uranium daughters 
contribute 75, 77, 61 and 76% of the total dose to the 
whole body, bone, lungs and thyroid, respectively. The 
corresponding figures for Ra-228, Th-228 of thorium 
series were 22, 18, 33 and 22% of the total dose. The 
contribution to the doses and dose commitments from 
the airborne releases of U and Th daughter products 
due to inhalation and direct gamma irradiation from 
surface deposition are 6.5, 17, 38 and 6.4% to the 
whole body, bone, lungs and the thyroid, respectively, 
the remainder arising through ingestion pathways. The 
doses and dose commitments from the airborne releases 
from thermal power stations were calculated only for 
the whole body, bone, lungs and thyroid as these are 
the doses usually considered in the context of nuclear 
power plants. They are also used elsewhere^^ for com¬ 
parison between these two energy production tech¬ 
nologies. 

Dose estimates from K-40 have not been included 
because the levels of K-40 in man are homeostatically 
controlled. The lung is the critical organ for Rn-222 
but the Rn-222 contribution to the total lung dose is 
only about 1 part in a million"^. Hence, doses due to 
radon and its daughters are neglected in the present 
dose assessment and the dose assessment is done only 
for Th-230, Ra-226, Po-210 and Pb-210 from the U 
series and Th-232, Ra-228, Th-228 from the Th series. 

The resulting equations based on the above considera¬ 
tions and assumptions for assessment of doses and dose 
commitments (in man-Sv. Y“‘) are as follows: 

Wholebody and thyroid = 9.5 x 10“^P (mx + ny) • d. 

Bone = 2.7 x 10"^P (mx + ny) • d. 

Lungs = 7.7 X 10“^P {mx^ny) • d, 

where x and y refer to the radionuclides concentrations 
of Ra-226 and Th-228 in Bq/kg of fly-ash, d is the 
population density per km^ in an 88.5 km radius envi¬ 
ronment and P is the total installed capacity in MW(e). 
The constants m and n are defined as follows: 

m = (annual ash released from the stack 
in kg for 1000 MW(e) 

X (dose conversion factor from U series) 

X (296 MBq of Ra-226)-^ 

n = (annual ash released from the stack 
in kg for 1000 MW(e)) 

X (dose conversion factor from Th series) 

X (185 MBq of Th-228)-^' 

The values of dose conversion factors for the uranium 
and thoriCim series for different body organs have been 
reported earlier^^. Plant load factors are incorporated in 
the computation of m and n. 

The conversion of the collective dose equivalent com¬ 
mitments into collective effective dose equivalent com¬ 


mitments allows a better evaluation of the hazard of 
radionuclides exposures for risk estimates. Hence, all 
the doses estimated in the foregoing to different body 
organs have been converted to collective effective dose 
equivalent commitments and the calculated results of 
the dose assessments are given in detail in Table 4 for 
the TPSs studied. 

Discussion 

Among the samples analysed, the lignite and its fly-ash 
samples from Neyveli were found to contain more 
radioactivity due to uranium series radionuclides, com¬ 
pared to coal and its fly-ash samples from other parts 
of India. This gives rise to higher collective doses at 
Neyveli as is clear from Table 4. 

The doses reported in the paper are due to the 
inhalation of radionuclides contained in the fly-ash 
released through the stack. However, for ingestion route, 
an investigation of environmental samples such as water, 
air, vegetation, fish, etc., from Ennore and Neyveli 
TPSs, revealed that the activities due to Ra-226, Ra-228, 
U-nat, etc., in these samples were in the same range 
as that of the samples collected from a control area 
free from any type of industrial pollution. Therefore, it 
can be concluded that the collective dose is coming 
essentially from the inhalation route and the dose from 
the ingestion route is negligible. 
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Aspects of the growth, cellular composition and en- 
zymology of Aspergillus flavipes grown on a medium 
with crude oil or glucose as the sole source of carbon 
are reported. When grown on crude oil, the total lipid 
content of A. flavipes was considerably greater than 
on glucose medium. A large number of fatty acids, 
particularly saturated fatty acids, were observed when 
grown on crude oil and more lipid was excreted into 
the growth medium. The total mycelial carbohydrate 
and glycogen contents were considerably less in crude 
oil medium, whereas the mycelial protein content was 
similar in both media. The activity of some enzymes 
like NAD^-alcohol dehydrogenase, NADP^-aldehyde 
dehydrogenase, iso-citrate lyase and catalase was 
greater when crude oil was the carbon source. Con¬ 
versely, the activity of succinate dehydrogenase was 
greater after growth on glucose medium. 


The subject of degradation and utilization of hydrocar¬ 
bons by fungi has received considerable attention^“^ but 
much more remains to be done"^. A strain of Aspergillus 
flavipes isolated from the effluents of the Madras Oil 
Refineries that can degrade hydrocarbons in crude 
petroleum oil was reported earlier^. Work on utilization 
of hydrocarbons has mainly been carried out on a few 
selected bacteria, and some fungi, notably species of 
Candida and the kerosene fungus Cladosporium resinae^^. 
Much of this work has used specific hydrocarbons such 
as alkanes of known chain length. In the present study, 
however, we have examined the potential of A. flavipes 
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isolated from the effluents of the Madras Oil Refineries 
to degrade crude petroleum oil, which often forms 
around 2% (v/v) or more of the effluent from the 
refinery. The emphasis in the study has been on the 
utilization of crude oil per se rather than particular 
components of the oil. 

We have examined the amount of total protein, total 
carbohydrate, glycogen, total lipids, total sterol, fatty 
acids (saturated and unsaturated) in A. flavipes grown 
with either crude oil or glucose as the sole source of 
carbon. As a preliminary to understanding the physiology 
of utilization of crude oil, some data are given on the 
enzymology of crude oil and glucose utilization. 

Materials and methods 

Organism. A single spore isolate of A. flavipes isolated 
from the effluents of the Madras Oil Refineries Ltd., 
Manali, Madras, was used throughout the study. It was 
maintained on potato dextrose agar (PDA). 

Culture techniques. Standard microbiological techni¬ 
ques were used in the preparation of media, sterilization 
etc.^. The fungus was grown in a mineral salts solution 
of Bushnell and Haas^^ supplemented with 0.1% (w/v) 
yeast extract, adjusted to pH 6.0. Glucose (10 gl"’) was 
added to mineral salts solution before the autoclaving. 
Crude oil was filter-sterilized (pore size, 0.41 |Tm) and 
added to sterile mineral salts solution to give 10 gH. 
Flasks (250 ml) containing 100 ml medium were inocu- 
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lated with 1 ml of a spore suspension (1 x 10^ spores 
ml"^) and incubated at 28±2“C under static conditions. 
Spores were harvested in sterile distilled water from 
PDA plates overlaid with cellophane. 

Determination of fungal growth. The mycelial mat 
was harvested by filtering through a predried and weighed 
Whatman no. 1 filter paper. The mat was washed three 
times with chloroform and then with distilled water, 
and dried at 100°C for 25 h; the dry weight of the 
mycelium was then determined. 

Protein estimation. Total protein was estimated by 
the method of Lowry et al. ^ ^ using bovine serum albumin 
as standard. 

Determination of total sugar and glycogen. Total sugar 
and glycogen were estimated according to Roe^^ and 
Morales et al.^^, respectively. 

Estimation of total lipid. Total lipid was extracted 
from 10 g fresh weight of mycelium as described by 
Folch et al.^^ and estimated gravimetrically. 

Separation and estimation of neutral, glycolipid and 
phospholipid by column chromatography. The total lipid 
was fractionated into its constituent lipid classes by 
silicic acid column chromatography^^. Neutral lipid was 
eluted with eight column volumes of chloroform, 
glycolipid with one column volume of 99% (v/v) acetone 
and phospholipid with eight column volumes of methanol. 
Solvents were evaporated and the lipid fractions were 
estimated gravimetrically. The percentage of lipid frac¬ 
tions in total lipid was then calculated. 

Extraction of extracellular lipid. Extracellular lipid 
was extracted from the culture medium by the method 
of Siporin and Cooney The mycelial mat was removed 
from the medium by filtering the culture through two 
layers of Whatman no. 1 filter paper. In cultures grown 
on crude oil a thin layer of residual oil was present 
on the surface of the medium. This layer was removed 
by shaking 100 ml of medium with 10 ml petroleum 
ether and removing the upper solvent phase. The aqueous 
phase was adjusted to pH 2 with HCl and extracted 
three times with two volumes of chloroform: methanol 
(2 : 1 v/v). 

Extraction of total extracellular lipid by thin layer 
chromatography (tic). The total extracellular lipid was 
separated into free fatty acid and phospholipid fractions 
by tic using chloroform : acetone : methanol: acetic acid : 
water (8 : 1 : 5 : 25 : 0.25 v/v) as solvent^^. Lipids were 
visualized by iodine vapour. Spots corresponding to 
standard free fatty acid and phospholipid were eluted 
with hexane, dried in nitrogen atmosphere and stored 
at -4°C. The amount of total free fatty acid^^ and 
phospholipid^® was estimated spectrophotometrically. 

Fatty acid analysis. Fatty acids were converted to 
their methyl esters using borontrifluoride: methanoL^ 
and separated by gas chromatography using a polar 
column (10% w/w, diethylene glycol succinate on 


chromosorb/Aw) operated at 190“C. The relative propor¬ 
tions of the different fatty acids were calculated by 
manual measurement. 

Measurement of enzyme activity. Activities of the 
NAD'^-alcohol dehydrogenase, NADP’^-alcohol dehydro¬ 
genase and NAD(P)‘^-aldehyde dehydrogenase were 
measured spectrophotometrically at 340 nm following 
the procedures of Bonnichsen^®, Demoss^^ and Seeg- 
miller^^, respectively. Succinate dehydrogenase was as- 
sayed^^ at 428 nm. Isocitrate lyase was measured^"^ at 
324 nm. Catalase was measured as described by Beers 
and Sizer^^. 

Statistical analysis. All experiments were carried out 
in duplicate and each experiment repeated three times, 
except the cellular and extracellular fatty acid experi¬ 
ments, which were repeated twice with no replicates. 
Data obtained were analysed statistically^^. Student’s t 
test was used to calculate the degree of significance 
between glucose and crude oil. 

Results 

Growth and composition (cellular) of A. flavipes. When 
grown in static culture on glucose the stationary phase 
was reached after 6 days, but on crude oil the growth 
was not complete until the twelfth day. To determine 
the cellular composition, the fungus was harvested at 
four sample times during its growth period (Figure 1). 



Time (days) 


Figure 1. Growth of A. flavipes grown on medium with glucose and 
crude petroleum oil as the sole source of carbon: • glucose; O crude 
oil. Arrows indicate sample times. The experiment was carried out in 
triplicate. 
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Variations in cellular composition of A. flavipes were 
observed after growth on crude oil or glucose media. 
Total carbohydrate and glycogen contents were approxi¬ 
mately twofold greater in mycelia grown on glucose 
although protein content was not significantly different 
between the two media (Table 1). Considerable increases 
in total lipid and sterol contents were observed for the 
crude-oil-grown cultures (Table 1). In cultures grown 
on crude oil, neutral lipid was the major fraction followed 


by glycolipid, whereas in glucose-grown cultures 
glycolipid was the major fraction, followed by neutral 
lipid. However, on both media phospholipid was the 
minor fraction (Table 2). The lipid of crude-oil-grown 
cultures contained a variety of fatty acids compared to 
that of glucose-grown cultures. Also, the crude-oil-grown 
cultures showed an increase in the percentage of total 
unsaturated fatty acid with time (Table 3). 

Extracellular lipid. In the presence of crude oil 


Table 1 , Cellular composition of A. flavipes grown on medium with glucose and crude oil as the sole source of carbon 


Sample 

time 

Total protein'^ 

Total carbohydrate® 

Total glycogen® 

Total lipid® 

Total 

sterol® 

Glucose 

Crude oil 

Glucose 

Crude oil 

Glucose 

Crude oil 

Glucose 

Crude oil 

Glucose 

Crude oil 

1 

180±5 

190 ±9 

191 ±6*** 

76±5 

76±3 

32±2 

26±2 

76 ±5*** 

14±1 

52 ±3*** 

2 

100 ±6 

106 ±6 

285±15*** 

105 ±9 

163 ±8 

67±5 

41 ±3 

264±10*** 

24±2 

104 ±5*** 

3 

86±5 

91±4 

309±15*** 

143±11 

242 ±18 

90±5 

37 ±3 

219±6*** 

28 ±1 

114 ±6*** 

4 

143 ±7 

147 ± 12 

278±13*** 

152±9 

233 ±15 

99±4 

22±2 

142 ±2*** 

18± 1 

92 ± 5*** 


Each value represents the mean ± SEM of six estimations. 
Walues expressed as pg/mg dry weight. 

***P< 0.001. 


Table 2. Composition of total cellular lipids of .4. flavipes grown on medium with glucose and crude 

oil as the sole source of carbon 


Total lipid 

Neutral lipid^ Glycolipid^ Phospholipid^ 

Sample - - - 


time 

Glucose 

Crude oil 

Glucose 

Crude oil 

Glucose 

Crude oil 

1 

28±3 

77 ± 5** 

60 ±2** 

18 ±0.9 

12 ±0.8** 

3 ±0.01 

2 

30±1 

83 ± 3** 

67 ±0.8** 

13 ±0.4 

4 + 0.1 

2 ±0.1 

3 

45±3 

75 ± 1** 

52 ±3** 

22±1 

5 ±0.08 

4±0.1 

4 

41±2 

72 ± 2** 

52 ±3** 

25 ±0,2 

2 ±0.2 

4 ±0.2 


Each value represents the meant SEM of six estimations. 
^Percentage of total lipid. 

**P<0,01. 


Table 3. Fatty acid composition of total cellular lipid of A. flavipes grown on medium with glucose and crude oil as the 

sole source of carbon 


Fatty acid* 


Saturated Unsaturated 

Carbon Sample - - 


source 

time 

10:0 

12:0 

13:0 

14:0 

15:0 

16:0 

17:0 

18:0 

Total* 

16:1 

18:1 

Total^ 

Glucose 

1 

0 

0 

0 

tr 

0 

37.5 

0 

0 

37.5 

0 

. 62.4 

62.4 


2 

0 

0 

0 

tr 

0 

33.9 

0 

0 

33.9 

0 

66.0 

66.0 


3 

0 

tr 

0 

tr 

0 

0 

0 

45.5 

45.4 

0 

54.5 

54.5 


4 

0 

tr 

0 

tr 

0 

0 

0 

33.3 

33.3 

0 

66.6 

66.6 

Crude oil 

1 

1.6 

2.3 

9.6 

8.4 

7.5 

3.4 

tr 

23.9 

56.8 

26.6 

16.5 

43.1 


2 

1.6 

9.1 

0 

6.7 

12.7 

6.1 

tr 

6.9 

43.3 

18.0 

38.6 

56.6 


3 

0 

0 

0 

0 

5.1 

4.6 

tr 

4.6 

14.9 

21.5 

63.8 

85.4 


4 

0 

0 

0 

0 

1.4 

3.3 

tr 

4.3 

9.1 

12.2 

78.5 

90.8 


*Recorded as percentage of total fatty -acid: tr - trace. 

^Total saturated fatty acid; ^Total unsaturated fatty acid. 

10:0, Decanoic acid; 12:0, dodecanoic acid; 13:0, tridecanoic acid; 14:0, tetradecanoic acid; 15:0, pentadecanoic acid; 16:0, 
hexadecanoic acid; 17:0, heptadecanoic acid; 16:1, d5-A9-hexadecanoic acid; 18:1 ci>9-octadecanoic acid. 
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Table 4. 

a. Total extracellular lipid^ in medium with glucose and crude oil 
as the sole source of carbon following growth of A. flavipes 


Sample time 

Glucose 

Crude oil 

1 

0 

24 ± 0.9*** 

2 

25 ±0.4 

71 ± 2 3*** 

3 

28 ±0.9 

86 ±4.5*** 

4 

27 ±1.1 

104 ±6.9*** 


^Values expressed as mg/1 of medium. 
0 . 001 . 


b, Composition of extracellular lipid^ in medium with glucose and 
crude oil as the sole source of carbon following growth of 
A. flavipes 


Sample time 

Free fatty acid 

Phospholipid 

Glucose 

Crude oil 

Glucose 

Crude oil 

1 

0 

66 ±2*** 

0 

14 ±0.2 

2 

40±2 

77 ± 4** 

19 ±0.7 

12±0.1 

3 

57± 1 

79 ± 4** 

17 ±0.3 

11 ±0.3 

4 

56±2 

79 ± 4** 

17 ±0.4 

9 ±0.2 


Each value represents the mean ± SEM of six estimations. 
^Recorded as percentage of total lipid. 

0 . 001 , 

**P<0.01. 


A. flavipes excreted three to four times more lipid into 
the growth medium than when grown on glucose (Table 
4 a). When the total lipid was fractionated by column 
chromatography, it failed to separate into definite frac¬ 
tions such as neutral lipid or glycolipid. However, after 
tic free fatty acids were found to be the major lipid 
fraction. The free fatty acid content was nearly double in 
the medium with crude oil than in the medium with glucose 
(Table Ab). The level of phospholipid was significantly 
higher in glucose medium than in crude oil medium. Methyl 
esters prepared from free fatty acid fractions of lipid extracted 
from medium with glucose or crude oil gave both saturated 
and unsaturated even-chain fatty acids; no odd-chain fatty 
acids were detected (Table 5). 

Enzymology. In cultures grown on crude oil, the 
activities of NAD'^-alcohol dehydrogenase and NADP'^- 
aldehyde dehydrogenase were nearly three and two times 
more (respectively) than that of glucose-grown cultures, 
whereas NADP'^'-alcohol dehydrogenase and NAD'*'- 
aldehyde dehydrogenase did not show any significant 
difference in their activity on the two media (Table 6). 
Succinate dehydrogenase activity was considerably lower 
in the crude-oil-grown cultures, whereas isocitrate lyase 
and catalase activities were considerably higher in the 
crude-oil-grown cultures (Table 6). 


Table 5. Fatty acid composition^ of extracellular lipid excreted by A. flavipes in medium with 
glucose and crude oil as the sole source of carbon 


Carbon source 

Sample 

time 

Saturated fatty acid 

- Total saturated 
fatty acid 

Unsaturated 
fatty acid 

18:1 

12:0 

16:0 

18:0 

Glucose 

1 

tr 

tr 

tr 

tr 

tr 


2 

tr 

24.1 

35.8 

60.0 

40.0 


3 

tr 

26.2 

39.3 

66.1 

33.8 


4 

tr 

32.0 

28.1 

60.1 

25.0 

Crude oil 

1 

19.0 

33.2 

tr 

52.2 

47.7 


2 

31.4 

33.4 

tr 

64.8 

35.1 


3 

9.1 

27.2 

30.0 

66.3 

33.6 


4 

25.1 

14.8 

8.6 

48.6 

51.3 


tr - trace. 

^Each value recorded as percentage of total lipid. 

12:0, Dodecanoic acid; 16:0, hexadecanoic acid; 18:0, octadecanoic acid; 18:1, 
ci5’-A9-octadecanoic acid. 


Table 6. Activity^ of some enzymes of A. flavipes grown on medium with glucose and crude oil as the sole source of carbon 


Sample 

time 

NAD^-alcohol 

dehydrogenase 

NADP^-alcohol 

dehydrogenase 

NAD'^-aldehyde 

dehydrogenase 

NADP*-aldehyde 

dehydrogenase 

Succinic 

dehydrogenase 

wo-Citrate lyase 

Catalase 

Glucose 

Crude oil 

Glucose 

Crude oil 

Glucose 

Crude oil 

Glucose 

Crude oil 

Glucose 

Crude oil 

Glucose 

Crude oil 

Glucose 

Crude oil 

1 

21.6±1.4 

32.5±2.9* 

15.3±0.6 

18.1±0.4 

22.1±0.2 

20.210.1 

40.211.1 

41.712.1** 

22.011.2 

14.011.4 

8.110.7 

23.711.4*** 

22.112.2 

140.416.7*** 

2 

19.3±0.6 

51.3±1.8*** 

17.2±0.7 

17.2±0.2 

25.5±0.1 

21.710.5 

35.813.2 

61.214.3** 

41.413.2 

21.011.4 

17.411.3 

48,612.8*** 

70.012.6 

293.614.3*** 

3 

20.0±0.9 

61.0±1.9*** 

16.2±0.5 

18.8±0.8 

27.2±0.5 

29.510.4 

30.811.5 

62,515.8** 

54.814.3 

13.810.9 

12.211.7 

56.514.0*** 

53.211.8 

244.7110.0*** 

4 

16.4±1.5 

52.2±3.9*** 

19.7±0.2 

16.1±0.2 

30.210.8 

27.210.8 

23.811.7 

53.713.0** 

40.212.3 

10.210.6 

18.410.8 

40.612.0*** 

21.210.5 

120.416.2*** 


^Activity expressed as nmol/min/mg protein. 
0 . 001 . 

**E<0.01. 


*P<0.05. 


Each value represents the mean ± SEM of six estimations. 
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Discussioii 

It is interesting to note that the lipid content of A. flavipes 
was considerably greater (sixfold) when grown on crude 
oil as the sole carbon source compared to glucose. 
A. flavipes accumulates lipid more efficiently than either 
Candida lipolytica^^ or Cladosporium resinae^^ where 
two to threefold increases in lipid content of cultures 
grown on n-hexadecane have been reported. Growth of 
A. flavipes on crude oil resulted in the occurrence of 
a greater number of fatty acids, particularly saturated 
fatty acids (Table *3). The fatty acids are oxidation 
products of n-alkanes in the crude oil which are then 
incorporated into the cellular lipids. The content of 
saturated fatty acids decreases progressively in cultures 
grown on crude oil. This may be due to some of the 
short-chain saturated fatty acids being converted into 
long-chain fatty acids, especially unsaturated fatty acids, 
which can be used to produce storage lipids'^. 

The function of extracellular free fatty acids, which 
increase during growth on crude oil (Table 4 b), is 
possibly to emulsify the hydrocarbons to facilitate their 
uptake by the fungus^^. 

Induction of NAD'^-alcohol dehydrogenase and NADP'^- 
aldehyde dehydrogenase in crude-oil-grown A. flavipes 
suggests their involvement in the oxidation of alkanes 
in crude oil. Iso-citrate lyase is the key enzyme of the 
glyoxylate cycle which plays an important role in the 
biosynthesis of cellular components such as malate or 
succinate. Activity of isocitrate lyase was significantly 
greater when A. flavipes was grown on crude oil. 
Conversely, the activity of succinate dehydrogenase was 
greater in glucose medium (Table 6). From these results, 
it is possible to infer that the intermediates of tricar¬ 
boxylic acid cycle are synthesized from acetyl COA 
derived from the degradation of fatty acids via glyoxylate 
cycle^^. Peroxisomes are thought to contain several en¬ 
zymes involved in fatty acid metabolism such as catalase, 
iso-citrate lyase, etc. The increase in these enzymes 
observed in crude-oil-grown A. flavipes suggests an 
increase in the number of peroxisomes although we 
have no data to support this supposition. However, this 
finding is in agreement with those of other workers, 
who report a similar increase in catalase and iso-citrate 
lyase activities and increase in the number of peroxisome 
for C. resinae"^ and Candida tropicalisP^. 

The work described here is the first report on the 
composition and enzyme activities in a fungus grown 
on crude petroleum oil and glucose. The most significant 
aspect of the study lies in the fact that an attempt has 


been made here to elucidate the metabolism and en- 
zymology of A. flavipes when grown on crude petroleum 
oil, which is a natural component of industrial wastes 
and effluents. 
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Liv.52 pretreatment inhibits the 
radiation-induced lipid peroxidation 
in mouse liver 

N. G. Ganapathi and Ganesh Chandra Jagetia 

Department of Radiobiology, Kastuiba Medical College, Manipal 576 119, 
India 

The effect of Liv.52 on mice liver mitochondrial lipid 
peroxidation was measured in terms of malanoldehyde 
(MDA) generation after exposure to 3.0 Gy of gamma 
radiation at V4, Vi, 1, 2, 4, 8, 24 and 48 h 
post-irradiation. The lipid peroxidation level increased 
significantly from V4h and reached a peak level at 
4 h post-irradiation, and gradually declined thereafter 
in the irradiated control group. Liv.52 treatment 
before irradiation inhibited the formation of lipid 
peroxidation significantly at all the post-irradiation 
sampling time. 

Lipid peroxidation is initiated by reactive oxygen species 
(ROS) in aerobic living organisms. Superoxide radical 
(Op and hydrogen peroxide (H 2 O 2 ) are generated during 
metabolism, oxidation and irradiation, and they in turn 
are converted to hydroxyl free radical (OH‘). The 
hydrogen atom in unsaturated fatty acids can be 
abstracted by the OH radical following the formation 
of lipid alkyl radical (R‘), which initiates the chain 
reaction of lipid peroxidation in an aerobic condition. 

Lipid peroxidation alters the fluidity of biological 
membranes and then causes cell degradation, affecting 
the biological defence mechanism. The product of lipid 
peroxidation, such as malanoldehyde (MDA), damages 
the enzyme system and DNA^ Lipid peroxidation has 
been used as an end point to study the action of 
oxidizing and free-radical-producing agents as well as 
to investigate the effects of intracellular radical 
scavengers (i.e. as an overall measurement of oxidative 
injury to the cellular membranes). Lipid peroxidation is 
considered to be an important effect of ionizing radiation 
on biological membranes^"^. 

Radiation-induced lipid peroxidation has been reported 
to be caused by superoxide radicals^. However, later 
studies confirmed that the hydroxyl radical is the most 
active species involved in radiation-induced lipid 
peroxidation^’^"^ 

Natural products such as herbal medicines have only 
recently begun to receive some attention as possible 
modifiers of the radiation response. Liv.52, a non-toxic 
herbal preparation composed of Capparis spinosa, 
Cichorium intybus, Solanum nigrum, Cassia occidentalis, 
Terminalia arjuna, Achillea millefolium and Tamarix 

Liv.52 is a commercial product marketed by The Himalaya Drug Co., 
Bangalore. Use of the trade name does not imply endorsement of the 
product. 


gallica, has been reported to be clinically effective in 
treating hepatotoxicity and a wide range of hepatic 
disorders^"^^ The radioprotective potential of Liv.52 was 
demonstrated for the first time in mice^^. Recently, it 
has been reported that prior administration of Liv.52 
protected mouse bone marrow against radiation-induced 
chromosome damage^^’^"^. A significant decrease in lipid 
peroxidation, followed by an increase in the tocopherol 
level in Liv.52-fed groups, was observed^^. Saxena and 
Garg^^ also reported that the feeding of Liv.52 to rats 
gave a marked protection against the increase in lipid 
peroxidation and phospholipid contents of microsomal 
fraction. 

Therefore, it was desired to obtain an insight into the 
effect of Liv.52 on lipid peroxidation in mouse liver 
exposed to 3 Gy of ^^Co gamma radiation. 

Six- to eight-week-old male Swiss albino mice weigh¬ 
ing 25-30 g were selected from an inbred colony main¬ 
tained under controlled conditions of temperature 
(23±2“C), humidity (50 ±5%) and light (10 and 14 h 
of light and dark, respectively). The animals were given 
sterile food prepared as per the standard formulation 
(wheat 70%, Bengal gram 20%, fish meal 5%, yeast 
powder 4%, sesame oil 0.75% and shark liver oil 0.25%) 
in the laboratory and water ad libitum. Throughout the 
experiment 5-6 animals were housed in a sterile 
polypropylene cage containing sterile paddy husk 
(procured locally) as bedding material. The irradiation 
was carried out using telecobalt therapy source (Gam- 
matron, Siemens, Germany). 

A batch of 10 immobilized animals (achieved by 
inserting cotton plugs in the restrainer) was kept prone 
in specially designed well-ventilated acrylic box during 
exposure. The irradiation was carried out at a dose rate 
of 0.88 Gy/min. The source-to-animal distance was 60-63 
cm. The exposure area of 20 x 20 cm was also kept 
constant. The dosimetry calculation were done by Dr 
J. G. R. Solomon, Department of Radiotherapy and 
Oncology, K. M. C. Manipal. 

As the Liv.52 powder is insoluble in water, a dose 
of 500 mg/kg body wt of Liv.52 powder was suspended 
in 10 ml of 5% dextrose solution containing gum acacia. 
0.01 ml/g body wt of Liv.52 or 5% dextrose was ad¬ 
ministered orally once a day for 7 days using 22-gauge 
oral feeding needles (Popper & Sons Inc,, New York, 
USA). 

The animals were divided into two groups. One group 
of animals was fed with 5% dextrose solution and served 
as the control group, while the other group received 
500 mg/kg body wt of Liv.52 powder in 5% dextrose 
solution. After 1 h of administration on day 7, the 
animals of both groups were exposed to 3 Gy of ^^Co 
gamma radiation. Subsequently, a few animals were also 
treated with 5% dextrose and Liv.52 but without irradia¬ 
tion, for the sake of comparison. Usually, five animals 
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were used for each time period for each group studied. 
A total of 90 animals were used for the whole experiment. 

The animals from both groups were anaesthetized by 
administration of overdose of diethyl ether anaesthesia 
and were killed at 14, Vi, 1, 2, 4, 8, 24 and 48 h 
post-irradiation. The livers of the animals were perfused 
with isotonic saline and removed and weighed. A 10% 
liver homogenate was prepared in 0.2 M Tris-HCl buffer 
(pH 7.4) using Yamato LSG homogenizer LH-21 (Japan). 
The lipid peroxidation in liver was estimated by the 
method of Konings and Drijver^^. Briefly, the homogenate 
was centrifuged at 50,000 x g (Sorvall, RC 5B, USA) 
for 10 min at 4“C and the pellet was discarded. The 
resultant supernatant was centrifuged again for 60 min 
at 4''C to obtain mitochondrial pellet. A homogeneous 
suspension of mitochondria was prepared in 0.2 M Tris- 
HCl buffer (pH 7.4). To this suspension 150 mM KCl, 
0.3 mM ascorbic acid and 0.2 M Tris-HCl buffer (pH 
7.4) were added, and it was incubated at 3TC for 1 h. 
After incubation, trichloroacetic acid was added followed 
by the addition of 0.67% TBA. The test tubes were 
kept in boiling water bath for 15 min. The tubes were 
removed from the water bath and allowed to cool. The 
tubes were centrifuged and the resultant supernatant was 
filtered through Whatman filter paper. The absorbance 
of the sample was read against the blank at 532 nm 
in a UV-VIS recording spectrophotometer (Shimadzu UV- 
VIS 260, Japan). Mitochondrial protein concentration was 
determined by the method of Bradford^^ The data were 
analysed statistically by Student’s t test on an IB M/PC. 

The lipid peroxidation was expressed in terms of nmol 
MDA/mg protein. Liv.52 treatment did not alter the 
level of lipid peroxidation (Table 1). 

The exposure of animals to 3.0 Gy ^“Co gamma radia¬ 
tion resulted in a significant increase in lipid peroxidation 
at all the time periods studied compared to the sham- 
irradiated control. The activity of lipid peroxidation 
started increasing at 14 h and reached a peak level by 
4 h post-irradiation (Figure 1). This increase was ap¬ 
proximately 1.88, 2.4, 2.0, 2.6 and 3 folds higher for 
14, l^, 1, 2, and 4h post-exposure, respectively, com¬ 
pared to the sham-irradiated animals. An abrupt decline 
in the lipid peroxidation level was observed at 8 h, 
which was approximately half of the preceding sampling 
time. However, lipid peroxidation did not attain normal 
level even by 48 h post-irradiation (Table 1). 

In the Liv.52 + irradiated group a significant increase 
in lipid peroxidation compared to sham-irradiated animals 
was observed only at 14 h post-irradiation. However, 
Liv.52 administration before irradiation inhibited lipid 
peroxidation significantly at all the time periods studied. 
It was 23.61, 21.64, 24.93, 43.99, 52.04, 26.81, 9.21 
and 20,81% lower for 14, 14, 2, 4, 8, 24 and 48 h 
post-irradiation, respectively, compared to the concurrent 
irradiated controls. 


Lipid peroxidation induced by radiation is known to 
be due to the attack of free radicals on the fatty acid 
component of membrane lipids^*^^’^®. Mitochondrial 
membranes contain high percentage of polyunsaturated 
fatty acids and are, therefore, susceptible to free-radical 
attack^^ Damage of mitochondrial structures and en¬ 
hanced lipid peroxidation by ionizing radiation has been 
reported^^’^^. Lipid peroxidation also results in 
mitochondrial swelling and disintegration^"^. 

Irradiation of animals to 3.0 Gy of gamma radiation 
resulted in a significant increase in lipid peroxidation 
level at all the time intervals compared to the sham- 
irradiated group. The lipid peroxidation level started 
increasing at 14 h and reached a peak level at 4 h after 
exposure. This increase was approximately 1.88, 2.4, 2, 
2.6 and 3 folds higher for 14, 14, 1, 2, and 4h post¬ 
irradiation respectively, compared to the sham-irradiated 
group. The glutathione depletion was maximum at 15 
and 45 min after exposure to 3.0 Gy of gamma radiation 
(unpublished data). These findings are in good agreement 
with the earlier findings, where maximum depletion of 
GSH at 15-30 min and the highest lipid peroxidation 
4 h after 3.0 Gy of gamma radiation have been reported^^. 
Similarly, a maximum depletion in GSH at 15-30 min 
and lipid peroxidation as well as liver necrosis at 2-4 h 
after administration of allyl alcohol in mice have been 
observed^^’^^. Lipid peroxidation has been suggested as 
one of the main causes of radiation-induced membrane 
damage^’^. The lipid peroxidation has been found to 
increase with increase in radiation dose in rat liver 
microsomes and in mice erythrocytes^^’^^. 


Table 1. Effect of Liv.52 on the radiation-induced lipid peroxida¬ 
tion in mouse liver 


Time 

(min/h) 

nmol MDA/mg protein (mean±SEM) 

3.0 Gy 

Liv.52+ 3.0 Gy 

1/4 

3.43 ±0.22“ 

2.62 ±0.09“ 

‘A 

4.62 ±0.20“ 

3.62 ±0.14“ 

1 

3.89 ±0.13“ 

2.92 ±0.23*= 

2 

5.16±0.10“ 

2.89 ±0.04“ 

4 

6.11 ±0.23" 

2.93 ±0.31“ 

8 

3.99 ±0.10" 

2.92 ±0.09“ 

24 

3.15 ±0.06" 

2.86 ±0.06' 

48 

2.69 ±0.09'* 

2.13 ±0.10“ 


Normal control value = 1.95 ±0.06. 

Liv.52 control value = 2.20 ±0.09. 

Normal compared with irradiated group column 1 symbols on right 
side. 

The difference between normal control and Liv.52 control was non¬ 
significant. 

Liv.52 alone compared with Liv.52 + irradiated group column 2 symbols 
on left side. 

Irradiated groups compared with Liv.52 + irradiated groups column 2 
symbols on right side. 

‘p <0.0001, V< 0.0002, '?< 0.0003, ‘‘p< 0.001, ><0.002, ><0.01. 
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Figure 1. The lipid peroxidation level at different post-irradiation time periods in mouse liver 
treated or not with Liv.52 before exposure to 3.0 Gy gamma radiation. 


Several investigators reported that lipid peroxidation 
in liver homogenate will start as soon as the supply of 
endogenous GSH is exhausted, and that the addition of 
GSH promptly stops further peroxidation^^’^^ It has been 
reported that the addition of GSH markedly inhibits 
lipid peroxidation in isolated rat liver microsomes^^. 

The administration of Liv.52 before irradiation in¬ 
hibited the lipid peroxidation significantly as compared 
to the irradiated control. These results are in accordance 
with the findings of other investigators, who reported 
a significant decrease in lipid peroxidation, followed by 
an increase in the tocopherol level in Liv.52-treated 
group compared to the CCl 4 -treated group^^’^^. Similarly, 
calmodulin antagonists have been found to inhibit the 
radiation-induced lipid peroxidation^^. A depletion in 
lipid peroxidation was observed in mice erythrocytes 
treated with MPG before irradiation^^. WR-1065 and 
GSH were found to be effective inhibitors of mito¬ 
chondrial lipid peroxidation induced by HDP/Fe/NADH 
or by ADP/Fe/ascorbate^^. 

Saxena et al}^ reported an increase in the a-tocopherol 
level in Liv.52-treated rats. In the present study the 
radiation-induced lipid peroxidation was inhibited sig¬ 
nificantly by Liv.52 treatment, and this may be due to 
the elevation of a-tocopherol. 

Vitamin E (a-tocopherol) and glutathione are involved 
in the termination mechanism of lipid peroxidation. 
Vitamin E donates the hydrogen atom from the chromanol 
ring hydroxyl group to the lipid radical, generating a 
tocoperoxy radical. The rate of reaction of vitamin E 
with lipid hydroperoxy radicals is much faster (~ 10"^) 


than the rate of reaction of lipid hydroperoxy radicals 
with neighbouring polyunsaturated fatty acids, thus 
preventing further damage. Therefore, vitamin E acts as 
an effective chain breaker, curtailing progression of the 
lipid peroxidation. However, vitamin E is very low for 
serving as a lipid radical scavenger, and its concentration 
in the membrane would rapidly become vanishingly 
small to reduce the tocoperoxy radical back to tocopherol. 
Liv.52 may provide a-tocopherol to reduce the toco¬ 
peroxy radicals to tocopherol, thereby inhibiting the 
formation of lipid peroxidation. 

Therefore, it is reasonable to assume that radioprotec¬ 
tive activity of Liv.52 may be due to the inhibition of 
lipid peroxidation by increasing the level of a-tocopherol 
and glutathione. 
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An onshore gas well blow-out and its 
impact observations using satellite 
data 
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The blow-out of the ONGC Gas Well-19 located at 
Pasarlapudi in East Godavari District, Andhra 
Pradesh, attracted lot of concern on its impacts. The 
blow-out site has been monitored by satellite-based 
data sets from Indian Remote Sensing Satellite (IRS- 
P2) and Landsat-5 for impact assessment studies. The 
satellite data sets showed signature variation in 200 m 
surrounding the well site. The water umbrella formed 
over the blow-out site and the resultant temperature 
and humidity variation measured on the ground were 
signiHcant up to 200 m radius. Satellite-based optical 
data have been used for estimating the well tempera¬ 
ture. The gas well temperature estimated from satellite 
data has been found to be around llOO^C. The 
methodology adopted for estimating the gas well 
temperature and the results on impact assessment 
studies are discussed. 

The blow-out of ONGC onshore Gas Well-19 located 
at Pasarlapudi near Devarlanka in Amalapuram Taluk 
of East Godavari District, Andhra Pradesh, occurred on 
8 January 1995. At about 6.50 PM on that day, there 
was a sudden increase of gas pressure and the casting 
was pushed out, with the result that the well caught 
fire. Initially for about 30 days only the vertical spread 
of the flame was noticed and subsequently due to 
damage in the blast of preventor (BOP), which is a 
vertical structure containing equipment for closing the 
well in case of exigency, the fire in horizontal direction 
also increased. Satellite data sets over the region were 
continuously monitored to obtain cloud-free data over 
the region and first cloud-free coverage was observed 
in Indian Remote Sensing Satellite (IRS-P2) pass of 27 
January 1995. Spaceborne sensors due to synoptic and 
repetitive coverage provide data over large regions and 
have the advantage of providing data over inaccessible 
regions. The sensors onboard natural resources monitor¬ 
ing missions operate mostly in visible and near-infrared 
regions of the electromagnetic spectrum. The Landsat 
satellite data in India are acquired with thematic mapper 
(TM) sensor having a band in thermal IR region of the 
electromagnetic spectrum. The thermal band data can 
be used to study temperature variations below 60°C (ref. 
5). In the present study, optical data from IRS-P2 and 
Landsat TM have been analysed with a view to study 
the impacts due to blow-out, and ground-based measure¬ 
ments have been collated with the satellite-based obser- 
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vations. IRS-P2 optical data has been analysed with a 
view to estimate the well temperature and the methodoh 
ogy adopted has been discussed in detail. 

IRS-P2 Linear Imaging Self-Scanning System (LISS-II) 
digital data of 27 January 1995 and Landsat TM data 
of 2 February 1995 over the blow-out region have been 
obtained. Biophysical parameters like leaf temperature, 
photosynthetically active radiation (PAR), leaf level 
transpiration and intercellular CO^ were measured using 
a leaf chamber analyser (LCA-3); temperature and 
humidity at different points from the well site were 
also measured. The vertical profiles of temperature and 
humidity were measured, respectively, with mercurial 
thermometer having a sensitivity of O.TC in the 0-100°C 
range and with hygrometer using a stack. 

The IRS-P2 LISS-II sensor operates in four bands at 
0.45-0.52 |LLm, 0.53-0.59 |Lim, 0.63-0.69 \im, 0.77-0.86 iim 
and Landsat TM operates in seven spectral bands (six 
in 0.45-2.35 jam region and one in 10.4-12.5 |am thermal 
IR region). 

Satellite data sets recorded in various bands can be 
analysed for vegetation vigour by ratioing the data of 
infrared and red bands. The ratio is normally called 
normalized difference vegetation index (NDVI) and is 
given by the formula NDVI = (IR-Red)/(IR+Red) (refs 1,4). 


The thermal IR data of Landsat are used mainly for 
studying temperatures below 60“C. In the present study 
an alternate method for estimating the temperature of 
the gas well has been adopted^. The short wavelength 
region of 0.4-3.0|im is not commonly used for monitor¬ 
ing the normal thermal regime of the earth’s surface 
as it emits a very small quantity of radiation in this 
spectral region. In the case of gas well burning, the 
observed high-temperature region acts like a source of 
radiation and the radiance values recorded by satellite- 
based sensors correspond to the emitted radiation. This 
concept enables the use of Planck’s function for es¬ 
timating the temperature over the gas well. Similar 
studies have been reported in the literature over volcanic 

• 2 3 5 

regions 

The false colour composite of the study area generated 
from TM bands 4,3,2 (RGB) is shown in Figure la 
and that from TM bands 4, 5, 7 is shown in Figure 1 b. 
The enlarged false colour composites corresponding to 
these are shown in Figures 1 d and 1 e, respectively. 
The blow-out region can be clearly seen as a bright 
yellow spot in Figure 1 d, which is an enlarged image 
of Figure la. In Figure 1 b, severe stress over the 
vegetation due to heat from blow-out is indicated by 
bluish grey area around the well site as the TM bands 



Figure 1. Thematic mapper data of the' study area on 2 February 1995: a. False colour composite (FCC) of b^ds 4, 3, 2; b, FCG of bands 
4,5,7; c, normalized difference vegetation index (NDVI); d, enlarged FCC of bands 4,3,2; e, enlarged FCC of bands 4,5,7; /, thermal IR 
image. 
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4,5,7 (0.77-0.86 |im, 1.55-1.75 lim and 2.08-2.35 |im) 
are sensitive to vegetation stress. The NDVI image 
generated from bands 4 and 3 (0.77—0.86 |im and 0.63— 
0.69 \im) is shown in Figure 1 c, wherein the nongreen 
area around the blow-out site indicates the stressed area. 
The thermal image of TM band 6 (10.4-12.5 |-Lm) is 
shown in Figure If and it can be observed that due 
to saturation of thermal radiance values above 60 C, 
the blow-out site region appears bright and it is difficult 
to pinpoint the well site. 

The satellite observations of localized vegetation stress 
around the well site were cross-checked with ground 
observations. Ground measurements of air and soil 
temperature, humidity, crop photosynthetic rate, transpira¬ 
tion and radiation near the well site were made using 
the LCA-3 instrument. Further, discussions with Revenue, 
Agriculture and ONGC officials were made to understand 
the economic impacts. 

The satellite data analysis indicates localized damage 
of around 200 m close to the well site, as can be seen 
in Figure 1, and is in conformity with ground obser¬ 
vations. The ground observations showed that the 
temperature was around 40“C at 24-30 f height close 
to the well site (150 m) and the ground temperature 
was at 32"C. The temperature was uniform with sur¬ 
roundings beyond 150 m, mainly due to the heat protec¬ 
tion by coconut plantations. The well site (BOP) was 
totally provided with water umbrella by ONGC using 
jet pumps. The moisture thus generated formed a loca¬ 
lized cloud and can be seen as a cloud patch appearing 
in bright white in Figure 1. The biophysical parameters 
showed normal values in standing paddy crops close to 
the blow-out site (150 m) as the ground temperatures 
were normal and sufficient stagnated water was available 
in the fields. The coconut trees within 200 m radius 
showed damage signs as the temperatures were high 
above ground level due to the gushing flames. The 
coconut saplings facing BOP at 150 m distance showed 
yellowing and browning due to damage of leaves. In 
the leeward side of BOP, healthy coconut saplings are 
observed. The persistent high temperature of above 40‘’C 
at the coconut crown led to falling of fruits near the 
BOP site (200 m). The heat-tolerant Ficus sp. plant was 
found to be in healthy state even at a distance of 150 m 
from the well site. 

The observations made by A. P. Pollution Control 
Board, Rajahmundry, indicated that no poisonous gases 
were present due to burning in the atmosphere. The 
physiological process level changes due to exposure to 
high temperature and humidity in the less impacted area 
were also shown to be normal. Noise pollution was in 
the range of 100-140 dB close to the well site and 
55 dB (normal) around 2 km radius, as reported by 
A. P. Pollution Control Board. 

The temperature of the well site wa§ estimated to be 


around 1100°C; this value is close to the reported values. 
The effect of emitted gases and water vapour on the 
satellite-derived radiance values has not been considered 
while calculating the temperature. The ground tempera¬ 
ture and humidity variation at different heights from 
the well site is shown in Figure 2. It can be observed 
that the temperature values are increasing with height, 
due to the gushing flames spreading above ground level. 
Due to water umbrella, the humidity values were found 
to be high in the windward direction away from the 
well site. 

The analysis of satellite data suggested localized effects 
(around 200 m regions) due to the oil well blow-out. 
The temperature values estimated from the optical data 
are in conformity with ONGC ground observations, 
suggesting the possible use of optical data for studying 
high-temperature phenomena. The noise pollution levels 
are high within 2 km region around the site. The damage 
to coconut plantations in down wind direction were 



Distance From BOP(m) 


Temp, at ground 
Temp, at Im ht. 
Temp, at 2m bt. 
Humidity (®/o) 


Figure 2. Temperature and humidity profiles at various points from 
the blow-out site. 
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observed within 200 m zone. The area under 200 m 
radius from BOP is the zone of influence of blow-out. 
The gas blow-out site was inaccessible and satellite data 
alone facilitated in observing the vent temperature synop- 
tically during the blow-out condition. In addition, multi¬ 
temporal satellite data by virtue of repetitive coverage 
facilitated dynamic aspects of blow-out condition and 
the associated spatial changes resulting due to damage. 
Thus, satellite technology only could facilitate synoptic 
observation of such episodic events and could account 
spatially for the area of its influence. 
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Oxygen linkages in neodymium 
heptamolybdate single crystals-An 
XPS study 

Sushma Bhat, P. N. Kotru and K. S. Raju* 

Department of Physics, Jammu University, Jammu 180 001, India 
*Department of Crystallography and Biophysics, University of Madras, 
Guindy Campus, Madras 600 025, India 

Single crystals of neodymium heptamolybdate 
(Nd 2 Mo 7024 • 27 H 2 O) are grown in sodium metasilicate 
gel by the diffusion of neodymium nitrate (upper 
reactant) into the set gel impregnated with a mixture 
of molybdenum trioxide, ammonium hydroxide and 
concentrated nitric acid (lower reactant). Oscillation 
X-ray diffraction pattern shows that neodymium hepta¬ 
molybdate is single-crystalline in nature, while infrared 
absorption spectrum establishes the presence of molyb¬ 
date group and water of crystallization. X-ray 
photoelectron spectroscopic studies of neodymium hep¬ 
tamolybdate single crystals establish the presence of 
neodymium and molybdenum in their oxide states and 
the oxygens in the sample are shown to exist as (i) 


*For correspondence. 


terminal oxygen (Mo=0), (ii) bridging oxygen (Mo- 
O-Nd) and (iii) oxygen of lattice water (H-O-H). 

Ferroelectric and ferroelastic properties of rare-earth 
molybdates are of great interest in electro-optical and 
acousto-optical devices Barium molybdate tetragonal 
bipyramidal crystals are grown by the precipitation of 
alkaline-earth metal molybdate powders from neutral 
aqueous solutions'^. Rare-earth molybdates, having the 
general formula have been reported to be 

ferroelectric materials^. The growth of rare-earth 
molybdates (R = Pr, Nd, Sm, Eu, Tb and Dy) using the 
Czochralski technique has been studied by Brixner^. As 
this method involves elevated temperatures, thermal stres¬ 
ses released during the growth may make the crystals 
defective. Henisch and coworkers^’^ have established the 
growth of crystals in gels and this method has been 
fully exploited in the case of calcium sulphate dihydrate 
single crystals^"^^. Growth and characterization of rare- 
earth mixed single crystals of samarium barium 
molybdate have been reported by Isac and Ittyachen^^. 
Studies on the growth of neodymium heptamolybdate 
(hereafter called NHM) single crystals in silica gels 
have been reported in the literature^’. 

For the growth of NHM in gels in the test tube, 
acidified aqueous solution of sodium metasilicate (0.5 M, 
pH 5) is used as the reacting medium. The lower reactant 
(to be incorporated inside the gel before setting) is prepared 
as follows: 0.5 M molybdenum trioxide is completely 
dissolved in 15 N ammonium hydroxide using a magnetic 
stirrer, to which nitric acid (24 ml in 50 ml distilled water) 
is added. This lower reactant is mixed with the above gel 
and allowed to set undisturbed (gel age 96 h). On top of 
this set gel, as the upper reactant, a solution of 0.75 M 
neodymium nitrate is slowly added through the wall of 
the test tube, so as not to rupture the surface of the set 
gel. In about three weeks’ time, platelets of NHM (of 
sizes 2 mm x 2 mm x 1 mm) appear below the thick white 
layer of the precipitate (of NHM) inside the gel. 

The mechanism of chemical reactions leading to the 
formation of NHM is explained as follows: 

M0O3 + 2NHPH -> (NU^^MoO^ + np, (1) 

When acidified, we get 

(Mo0^f~ + U^ HM0O4 , (2) 

HMoO" + H-" + 2 H 2 O Mo(OH)6 , (3) 

Mo(OH)6 + HMoO; (HO)5MoOMo03 + Hp, (4) 

(HO)5MoOMoO; + HMoO~ ^ 

(HO)^ Mo(OMo 03)’- + Hp, (5) 
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(HO)^ Mo(OMo 03 )^- + 3HMoO- 

(HO) Mo(OMo03)f + (6) 

(HO) Mo(OMo03)f + HMoO; 

Mo(OMo03)^- + H20, (7) 
Mo(OMo 03 )^" MO 7 O 24 . (8) 

2Ntf+ Mo,0^ Nd2Mo,024 • (9) 

The oscillation X-ray diffraction (XRD) pattern 
(Figure 1) of NHM platelet was recorded in a Unicam 
camera with Cu K radiation (X= 1.5418 A). The revela¬ 
tion of well-defined Bragg reflections at specific (29) 
angles confirms that NHM is ordered, meaning single 
crystalline, in nature. 

The IR absorption spectrum of NHM taken in KBr 
matrix confirms the presence of the water of crystal¬ 
lization by the well-defined broad peak at 3000-3600 cm“‘ 
(relating to antisymmetric and symmetric OH sretchings) 
and a peak at 1630 cm"^ (relating to HOH bending). 
The presence of molybdate groups in NHM is also 
established by the revelation of a pronounced broad 
peak at 810 cm"^ relating to symmetric or antisymmetric 
stretching modes of vibration^^ and a peak at 325 cm“^ 
relating to symmetric bending modes of vibration^^. 

It is worth mentioning, that in the present work, so 
far, neither XRD nor infrared (IR) absorption spectrum 
has been able to identify heavy elements like Mo and 
Nd unambiguously. Hence, it was thought worthwhile 
to take up the most sophisticated X-ray photoelectron 
spectroscopic (XPS) technique. 

In XPS (more commonly known as ESCA), the iden¬ 
tification of the elements incorporated in the sample is 
established from the binding energy (BE) values (eV) 
relating to the peaks of their respective elements, while 
the quantitative data are obtained from the peak heights 
or areas. The chemical states of the elements were 
identified from the exact positions and separations of 
the peaks, as well as from certain spectral contours. 
XPS studies were carried out on NHM single crystals 
in order to confirm the presence of heavy elements (Nd 



and Mo in the present case) besides their chemical 
states, which, consequently, sheds information on the 
linkages of the oxygens as well. 

The XPS investigations of NHM were carried out at 
the Regional Soplysticated Instrumentation Centre, Indian 
Institute of Technology, Powai, Bombay, using a system 
VG scientific ESCALAB MK2 spectrometer (A1 
source, photon energy 1486.6 eV) operated at 10 kV and 
10 mA. The overall resolution of the system with an 
analyser pass of 50 eV is about 0.7 eV. The pressure 
in the analyser chamber was maintained below 10 "^ torr. 

In the present investigations, the BE (eV) scale (Z-axis) 
was calibrated for C Is (284.6 eV), which is due to the 
contribution of adventitious hydrocarbon from the 
laboratory environment or from the glove box. 

The XPS peaks relating to Mo 3d states (Figure 2 a) 
are positioned at BEs of around 232.5 and 235.7 eV, 
with the separation of 3.2 eV strongly suggesting that 
Mo in NHM is in the oxide state (M 0 O 3 ). Similarly, 
the XPS peak relating to 3 d 5/2 state of Nd (Figure 2 b) 
in NHM has a BE of around 980 eV. This BE value 
confirms that Nd too is in its oxide state (Nd 203 ) in 
the NHM sample, which is in good agreement with 
literature findings^® on the structural characterization of 

b 

A Nd3d5/2 

/ \ V 


i • _«_ 

950 970 990 1110 



Figure 2. XPS peaks of (a) 3d levels of molybdenum and (i) 
Figure 1. Oscillation XRD pattern of NHM. Sdj^ level of neodymium. 


608 


CURRENT SCIENCE, VOL. 69, NO. 7, 10 OCTOBER 1995 





RESEARCH COMMUNICATIONS 


O Bridging 

XPS I 



* t + 

—I— i — p-H — I ——I— I -I —r- 

526 530 534 538 

BE(eV) 

Figure 3. XPS peak of oxygen Is. 



Figure 4. Schematic of oxygen coordinations in NHM: molybdenum 
(small dark circle), neodymium (small dashed circles) and oxygen (big 
blank circles). , 

gel-grown neodymium copper oxalate single crystals. 

It is interesting to note that the XPS peak relating 
to O Is (Figure 3) has a complex spectral contour and 
is a broad peak comprising of three peaks. These peaks 
relate to BEs around 528.8, 531 and 533.5 eV, respec¬ 
tively, giving the clue that oxygens in NHM have three 
different coordinations. 

The incorporation of Mo, Nd and O in NHM has 
been confirmed by XPS (Figures 2 and 3) besides 
establishing the existence of Mo and Nd as their oxides 
(Figure 2 a, b). These conclusions are strongly supported 
by the binding energy values corresponding to XPS 
peaks of Mo(3d), Nd( 3 d 5 / 2 ) and 0(ls) (Figures 2 and 
3 ), which are in excellent agreement with literature 
findings^\ 

Attention is drawn to the fact that the chemical 
formula for NHM (Nd2Mo2024) as arrived at from the 
mechanism of reaction kinetics (eqs (l)-(9)) seems 
reasonable, as to be having the entities (Nd 203 ) and 


7 (Mo 03 ), supported by the XPS peaks of Nd and 
Mo in their oxide states (Figure 2 ). The possible oxygen 
linkages with M 0 O 3 and Nd 203 in NHM are shown 
schematically in Figure 4. A careful examination of 
Figure 4 reveals that oxygens have two types of linkages, 
namely, terminal oxygen (Mo=0) and bridging oxygens 
(Mo-O-Nd). In order to account for the third entity, 
i.e. water of crystallization, the third peak in the complex 
spectral contour of XPS of O Is (Figure 3) is attributed 
to the oxygen getting coordinated to the hydrogens of 
lattice water (H-O-H), whose presence is confirmed by 
the IR absorption spectrum of NHM. Thus, XPS studies 
throw light on the presence of Mo, Nd and O as well 
as on their chemical states, confirming the speculation 
of the entities of NHM as M 0 O 3 , Nd 203 and lattice 
water. Besides this, complex spectral contour of XPS 
peak of O Is has been helpful in understanding the 
linkages of oxygens in NHM as well (Figure 4). 

The heights and/or areas of XPS peaks, meaning their 
intensities, are measures of the quantities of the species 
present in the materiaP^. It is clearly evident from 
Figure 3 that the intensity of O Is relating to bridging 
oxygens is higher than that of terminal oxygens. Hence, 
it may be concluded that, from the viewpoint of structural 
aspects, the contribution of the bridging oxygens is 
more significant than that of the terminal oxygen 
in NHM. 


1. Barkley, J. R., Brixner, L. H. and Morgan, E. M., IEEE Symp. 
on the Applications of Ferroelectrics, York Town Heights, New 
York, 1971. 

2. Barkley, J. R., Brixner, L. H., Morgan, E. M. and Waring, R. K., 
J. Ferroelec., 1972, 3, 191-195. 

3. Sapriel, J. and Vacher, R., J. Appl Phys., 1977, 48, 1191-1194. 

4. Pacter, A., Krist. Tech., 1997, 12, 729-732. 

5. Borchordt, H. J. and Bierstedt, F. E., Appl Phys. Lett., 1966, 8, 
50-54. 

6. Brixner, L. H., J. Cryst. Growth, 1973, 18, 297-302. 

7. Henisch, H. K., Crystal Growth in Gels, Pennsylvania State Univer¬ 
sity Press, University Park, Pennsylvania, 1970. 

8. Henisch, H. K., Dennis, J. and Hanoka, J. I., J. Phys. Chem. 
Solids, 1965, 26, 493-500. 

9. Raju, K. S., Cryst. Res. TechnoL, 1983, 18, 1277-1281. 

10. Jayakumar, D. and Raju, K. S., Bull Mater. Sci., 1983, 5, 339—404. 

11. Raju, K. S., / Mater. Scl Lett., 1983, 2, 705-709. 

12. Raju, K. S., J. Mater. Scl, 1981, 16, 2512-2516. 

13. Raju, K. S., J. Mater. Scl, 1985, 20, 756-760. 

14. Raju, K. S. and Pippel, E., Phys. Stat. Solidi A, 1984, 81, K93-K95. 

15. Raju, K. S., Godehardt, R., Hoppfe, J. and Pipple, E., Cryst. Res. 
Technol, 1984, 19, 1127-1131. 

16. Isac, Jayakumari and Ittyachen, M. A., Bull Mater. Sci., 1992, 
15, 349-353. 

17. Bhat, Sushma, Kotru, P. N. and Koul, M. L., Mater. Scl Engg. B, 
1993, in press. 

18. Busy, R. H. and Keller, O. L., Jr, J. Chem. Phys., 1964, 41, 
215-225. 

19. Clark, G. M. and Doyle, W. P., Spectrochim. Acta, 1966, 22, 
1441-1447. 

20. Raju, K. S., Krishna, K. N., Isac, Jayakumari and Ittyachen, M. A., 


CURRENT SCIENCE, VOL. 69, NO. 7,10 OCTOBER 1995 


609 



RESEARCH COMMUNICATIONS 


Bull. Mater. Sci., 1994, 17, 1447-1455. 

21. Wagner, C. D., Riggs, W. M., Davis, L. E., Moulder, J. F. and 
Mullenberg, J. E. (eds). Handbook of X-ray Photoelectron Spectro¬ 
scopy ^ Perkin Elmer, Physical Electronics Division, Minnesota, 
1978. 

22. Riggs, W. M. and Parker, M. J., in Methods of Surface Analysis 
(ed. Czandema, A. W.), Elsevier, Amsterdam, 1975, Chap. 4, p. 
108. 

ACKNOWLEDGEMENTS. We thank the Regional Sophisticated In¬ 
strumentation Centre, Indian Institute of Technology, Powai, Bombay, 
for the ESCA facility. KSR thanks Prof. B. Viswanathan, Department 
of Chemistry, Indian Institute of Technology, Madras, for stimulating 
discussions. 

Received 27 March 1995; revised accepted 5 June 1995 


Tectonic evolution of the Central 
Gujarat plain, western India 
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Department of Geology, Faculty of Science, M.S. University of Baroda, 
Baroda 390 002, India 

The Quaternary basin of the Gujarat plain is formed 
due to the reactivation of Tertiary basement faults. 
The uplift as a horst of the Aravalli in the east and 
the Saurashtra peninsula in the west, comprising a 
culminating event of the post-Mesozoic rifting of the 
western continental margin, resulted in the Quater¬ 
nary basin which was later filled up by alluvial 
sediments. The basin that received the fluvial sedi¬ 
ments marked the end phase of the Cambay graben 
subsidence that was initiated in the Paleocene. The 
nature of variation in thickness of the Quaternary 
sediments in its different segments indicates that the 
basin comprised a series of horsts and grabens. 
Whereas the Early Quaternary tectonism gave rise 
to the differential basement topography, the tectonic 
events of the Late Quaternary were responsible for 
the present landscape development in Central Gujarat. 

The 300-800 m thickness of Quaternary fluvial and 
aeolian sediments resting upon the Tertiary rocks of the 
Cambay basin is the consequence of reactivation of 
pre-Quaternary basement faults. The Quaternary basin 
is delimited by marginal faults in the west and east. 
To the SE lies the Narmada-Son Lineament,‘and in the 
NE is the Aravalli horst (Figure 1). The basin comprises 
several fault-bound structural blocks^ which continue up 
to Moho boundary^. The Gujarat Quaternary sediments 
have been studied by several workers (Allchin et al?, 
Chamyal"^, Chamyal and Merh^ Merh and Chamyal^ and 
Pant and ChamyaP); their emphasis, however, was mainly 
on the processes and agents of deposition, and on the 


paleoclimatic variations recorded in sediments. Recent 
work has demonstrated that successive tectonic events 
in the Gujarat region since Cretaceous^ have also con¬ 
trolled the pattern of sedimentation and nature of the 
sediment body. The Cambay and Narmada basins, 
according to Biswas^ opened up as a result of the 
counterclockwise rotation accompanying drift of the 
Indian plate. 

The Gujarat plains, in the light of the overall Cambay 
basin tectonics, point to an important role played by 
differential movements along numerous structural linea¬ 
ments in controlling the process of filling up of the 
Quaternary basin and sculpturing the present-day 
landscape. The movements along tectonic lineaments at 
various scales are significantly reflected in (i) the dis¬ 
ruption of an ancient superfluvial system and its re¬ 
placement by the existing drainage^, (ii) development 
of ravines along various river courses indicating 
post-depositional fracturing, (iii) differential altitudes of 
river terraces, (iv) capturing of rivers (e.g. Rupen by 
Sabarmati, Orsang by Narmada), (v) differential uplifts 
along most major rivers giving rise to a distinct northward 
tilting of the respective left banks, and (vi) progressively 
increasing subsidence from south to north^“. 

We have for the first time attempted to interpret the 
role of tectonics in the evolution of the Quaternary 
basin and its subsequent filling. Obviously, the Quater¬ 
nary sedimentation is found to have been controlled by 
the same tectonic features which were responsible for 
the deposition of the Tertiaries. With the withdrawal of 
the Tertiary sea in this part, marine processes were 
replaced by fluvial sedimentation, marking the onset of 
the nonmarine continental depositional cycles. The 
marine sediments of Upper Tertiary show a transition* ‘ 
changing over to a period dominantly of fluvial sedimen¬ 
tation during the Quaternary. 

The basin that received Quaternary sediments, 
obviously, comprised the more or less filled up Tertiary 
Cambay basin and marked the culminating phase of the 
Cambay and Narmada graben tectonics, though the tec¬ 
tonism preceding, during and post-dating the continental 
deposition was an integral part of the Cambay basin 
tectonism. ONGC investigations have adequately shown 
that the Cambay basin formed during Paleocene subsided 
episodically with varying rates and finally during Quater¬ 
nary the rate of subsidence slowed down. It is however, 
not unlikely that the Quaternary basin experienced con¬ 
siderable reactivation of the pre-existing faults. These 
faults were an integral part of the Cambay basin rift 
phenomenon. It is possible that the advent of Pleistocene 
witnessed a renewal of tectonic activity and triggering 
of a new cycle of subsidence. This neotectonism coin¬ 
cided with the uplift of Aravalli in the east and north¬ 
east*^. An uplift of the order of 300 m of the Aravalli 
has been envisaged by Ahmad*^ during Quaternary. To 
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the west, the Saurashtra peninsula formed an uplifted 
horst (Figure 2). This renewal of tectonic activity was 
essentially related to the Cambay basin faulting and the 
Narmada geoffacture. 

The development of a rift-related depression in front 
of a rising hill range provided an ideal site for the 
initiation of fluvial sedimentation. The exposed river 
sections as well as subsurface data provide clear and 
unequivocal evidences pointing to an enormous thickness 
varying from about 800 m in the south to 300 m in the 



Figure 2. Sketch map of Gujarat showing major tectonic movements 
during Quaternary. 


north. The variation in thickness is controlled by basinal 
faults which were effective prior to and during the 
sedimentation. Significantly, colluvial deposits are absent 
and fluvial material is encountered right from the rocky 
fringes. Although the sediment thickness varies from 
block to block (Figure 3), in composition the fluvial 
sediments comprise gravels, coarse to fine sands, silts 
and clays, and point to their deposition in several 
instalments, depositional process punctuated by periods 
of nondeposition and pedogenesis. The sediment nature 
and thickness point to an overall basin subsidence, but 
one cannot be very sure about the variations in the 
movement and in the course of Quaternary too, it is 
not unlikely that inversions in movement directions did 
take place. Such a tectonic pattern has been established 
for the trappean highlands of South Gujarat by Alavi 
and Merh^°, and similar post-Tertiary tectonic activity 
can safely be visualized. 

The cross-section prepared based on ONGC data clearly 
brings out the influence of the tectonic framework of 
the Cambay and Narmada basins along with their various 
tectonic blocks on the Quaternary sediments (Figure 3). 
The basin therefore, comprised series of horsts and 
grabens which were the direct manifestations of the 
various Tertiary structural blocks. These tectonic sub¬ 
basins were subjected to periodic uplifts and subsidences 
relative to each other, while overall the basin was 
subsiding. Whereas the ONGC workers have worked 
out in considerable detail the role of tectonics in Tertiary 
sedimentation, no information was provided by them on 
the Quaternary history. There is, however, little doubt 
that the Late Quaternary tectonism has been responsible 
for the present landscape development in Central Gujarat. 



Figure 3. Schematic cross-section of the Quaternary basin (based on thickness data obtained from ONGC archives). 
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Occurrence and petrogenesis of Loda 
Pahar trondhjemitic gneiss from 
Bundelkhand craton, central India: 
Remnant of an early crust 

Kewal K. Sharma and Abdul Rahman 

Wadia Institute of Himalayan Geology, Dehra Dun 248 001, India 

The occurrence and the geochemistry of the typical 
high-Al trondhjemitic gneiss intruding into the highly 
deformed basic host rocks from Loda Pahar, Kabrai 
area, northeastern part of the Bundelkhand massif 
is reported. This large relict of the early crust is 
intruded by various phases of Proterozoic calc-alkaline 
granitoids. The highly fractionated REE pattern with 
HREE depletion and concave upward shape at the 
HREE end of the Loda Pahar trondhjemitic gneiss 
(LPTG), besides the major and trace element 
chemistry, is typical of Archaean TTG suites reported 
from shield areas of other continents. The evolution 
of such trondhjemitic magma is considered to have 
played a significant role during early crustal growth 
and the LPTG provides the first convincing evidence 
to qualify the Bundelkhand craton as a typical Ar¬ 
chaean terrain. 

In recent years considerable work has been done to 
understand the nature and evolutionary trends in the 


formation of early crustal rocks, the relicts of which 
are exposed in shield areas of all the continents. The 
Archaean crust in general is comprised of granitoid 
gneisses, massive granitoids and greenstones in propor¬ 
tion of 6: 3 : 1^ The evolutionary trends recognized in 
the granitoid rocks of the Precambrian terrains of the 
world contain two main associations, an older Na-rich 
tonalite-trondhjemite-granodiorite (TTG) suite and 
younger K-rlch granodiorite-monzonite-adamellite- 
granite (GMAG) suite. The former predominates 
throughout the Archaean, but subsequently, the latter 
becomes significant. The chemical and isotopic characters 
of the two suites are distinct and provide a major 
temporal demarcation in continental evolution at the 
Archaean-Proterozoic boundary ^ 

In India, evidence to reconstruct different stages of 
early crustal evolution have so far come from the 
cratonic nucleii of Dharwar, Singhbhum and very recently 
from Bastar. Though the Bundelkhand craton is being 
considered unique for representing an early crust, un¬ 
affected by Proterozoic and subsequent deformational 
events^, there is no convincing geochemical or 
geochronological data to indicate the presence of an 
early crust from Bundelkhand craton except for the 
geochemical data of early Proterozoic Bundelkhand 
granitoids^. 

The authors initiated detailed petrochemical studies 
of the Bundelkhand craton and have identified different 
components (metabasic and metasediments with banded 
iron intruded by various phases of TTG) of the early 
crust into which the Proterozoic calc-alkaline granitoid 
suite intrudes. The present paper reports the occurrence 
of a large relict block of trondhjemitic gneiss in deformed 
Archaean crust intruded by undeformed early Proterozoic 
calc-alkaline granitoids from Loda Pahar, Kabrai area. 
It also discusses the geochemistry, petrogenesis and its 
implication to the evolution of the Archaean crust in 
the Bundelkhand craton of the Central Indian Shield. 

Semicircular to triangular outcrop of Bundelkhand 
granite massif in the northern part of the Indian Shield 
is known to be comprised dominantly of granitoid plutons 
of various phases, younger basic dykes and quartz reefs, 
mainly the early Proterozoic magmatic events. The infor¬ 
mation on the nature of the Archaean crust into which 
the younger Proterozoic granitoids intruded is very much 
limited to the reported occurrences of numerous enclaves 
of schists, gneisses, banded iron, calc-silicates, mafic 
and ultramafic rock suites only"*. 

Recently, Rahman and Zainuddin^ identified five 
phases within the Bundelkhand massif and provided 
geochemical data to characterize their source rock from 
Mahoba area. The earliest phase of the hornblende-bear¬ 
ing granodiorite having metaluminous composition and 
Y depletion has been attributed to hydrous partial melting 
of hornblende- and/or garnet-bearing mafic source. The 
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porphyritic varieties of the biotite granite which intrude 
into the hornblende granodiorite are Y-undepleted, Ttype, 
monzo-granites and were generated from the melting of 
the felsic crust. The subsequent intrusion of two phases 
of younger leucogranites (coarse and fine-grained 
varieties) are peraluminous monzo- to syno-granite and 
show marked enrichment with Y, Zr, Th, K and Rb 
and depletion of P, Sr, Ti and Ba. The magma for 
these leucogranite phases corresponds to the highly 
fractionated calc-alkaline to alkaline composition and 
felsic I-type granite characteristics. Following the prelimi¬ 
nary geochronological age of 2550 Ma (based on Rb-Sr 
whole-rock isochron of seven samples collected from 
widely separated areas from the massif) for the Bun- 
delkhand granite by Crawford^, Sarkar et al.^ carried 
out detailed Rb-Sr whole-rock dating of various plutons 
exposed in the northwestern part (Jhansi-Babina track). 


Six whole-rock samples of grey granodiorite-granite 
suite from a quarry define a Rb-Sr isochron age of 
2359 ± 53 Ma with initial Sr ratio Srj of 0.7082 ± 0.0036. 
Another set of five whole-rock samples of pink-coloured 
coarse-grained granite-granite porphyry-aplite suite from 
Babina-Talbehat yielded a Rb-Sr isochron age of 
2246±78Ma with Srj ratio of 0.7125 ± 0.0045. Four 
whole-rock samples of Badera gneissic migmatites 
(southeast of Babina) yielded a Rb-Sr isochron age of 
2130 ± 102 Ma, possibly reflecting a strong thermal im¬ 
print due to large-scale emplacement of younger (pink) 
granite phase rather than the true age of the formation 
of the gneissic component of the older crust. However, 
the Geological Survey of India has dated 3.5-Ga-old 
gneissic rock from Babina-Talbehat area^. 

The authors during their initial field studies recognized 
numerous xenoliths of highly folded gneissic rocks within 


Table 1. Geochemical composition of trondhjemitic gneiss from Bundelkhand Craton, 

Central Indian shield 



G-21 

G-22 

G-23 

G-24 

G-25 

G-26 

G-21 

SiOj 

70.69 

70.01 

70.39 

69.94 

69.45 

70.12 

69.96 

Ti02 

0.27 

0.27 

0.26 

0.28 

0.27 

0.28 

0.27 

AlA 

15.89 

16.02 

15.99 

16.21 

16.50 

16.18 

16.02 

Fe203 (T) 

1.55 

1.58 

1.57 

1.77 

1.77 

1.64 

1.61 

MnO 

0.041 

0.033 

0.038 

0.043 

0.062 

0.039 

0.049 

MgO 

0.81 

0.82 

0.77 

0.77 

0.72 

0.82 

0.66 

CaO 

1.83 

2.17 

2.16 

1.97 

2.06 

2.18 

2.17 

Na^O 

5.62 

5.67 

5.56 

5.87 

6.08 

5.75 

5.55 

K^O 

2.71 

2.70 

2.32 

2.46 

2.51 

2.48 

2.75 

P2O5 

0.10 

0.12 

0.11 

0.11 

0.11 

0.12 

0.12 

Total 

99.51 

99.40 

99.17 

99.42 

99.54 

99.62 

99.16 

K^O/Na^O 

0.48 

0.47 

0.41 

0.42 

0.4l‘ 

0.43 

0.49 

ACNK 

1.03 

0.99 

1.03 

1.02 

1.00 

1.01 

0.99 

Trace elements 







Sc 

1,4 

1.5 

— 

2 

2 

_ 

2 

V 

15 

15 

— 

15 

14 

— 

13 

Cr 

11 

21 

— 

12 

9 

— 

18 

Ni 

2 

1 

3 

1 

— 

3 

_ 

Cu 

— 

4 

5 

10 

14 

7 

10 

Zn 

43 

66 

55 

49 

44 

59 

51 

Ga 

19 

18 

19 

20 

19 

19 

18 

Rb 

107 • 

86 

106 

117 

195 

136 

153 

Sr 

647 

910 

836 

722 

759 

881 

653 

Y 

10 

13 

— 

10 

10 

— 

11 

Zr 

171 

160 

167 > 

199 

190 

162 

180 

Nb 

14 

10 

11 

13 

11 

10 

10 

Ba 

657 

643 

— 

581 

562 

— 

709 

U 

9 

6 

6 

6 

6 

5 

4 

Th 

25 • 

17 

17 

21 

21 

13 

4 

La 

52 

— 

— 

59 

— 

— 

_ 

Ce 

81 



87 




Nd 

29 



33 




Sm 

5.2 



6 




Eu 

1.1 



1,2 




Gd ' 

3 



3.4 




Dy 

1.9 



2 




Er 

0.9 



0.9 




Yb 

0.8 



0.8 




Lu 

0.11 



0.12 
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the undeformed hornblende granodiorite phase exposed 
on the hillocks west of Mahoba railway station. Following 
these occurrences of older gneissic relicts in early 
Proterozioc intrusive granite phases, large exposures of 
older gneissic rocks (representing the Archaean crust) 
were delineated along Mahoba-Charkhari and Mahoba- 
Kabrai roads. One such large gneissic block (1 km long 
and 500 m wide) with associated metabasics is exposed 
around the Loda Pahar hillock, east of Kabrai, near the 
junction of Kabrai-Kanpur and Mahoba-Banda road, 
and is surrounded by intrusive biotite-bearing porphyritic 
granite phase. This hillock is 50 m high, the southern 
face of which has been extensively quarried for road 
construction material. On the northern slope of the 
Lodha Pahar, 1 m wide sulphide mineralized shear zone 
has been observed in the gneissic rocks which runs 
parallel to its northern contact with the biotite granite. 
Highly deformed and altered peridotites, and mafic schis¬ 
tose rocks are the host into which the trondhjemitic 
gneiss intrudes. Clear contact relationships among the 
various rock units in this area are masked by subsequent 
granitic activity and soil cover. 

The Loda Pahar trondhjemitic gneiss (LPTG) is grey 
to pink, medium- to fine-grained gneiss with occasional 
phenocrysts of feldspar having a uniform mineral com¬ 
position. The rock consists of quartz and plagioclase as 
dominant mineral with rare presence of K feldspar. 
Biotite altered to green chlorite is ferromagnesian mineral 
phase and is aligned parallel to the foliation of the 
rock. Accessory minerals include small euhedral crystals 
of Fe~Ti oxides, epidotes, apatite and zircon. All the 
samples exhibit typical granoblastic fabric modified by 
cataclastic deformation as evidenced by mortar texture, 
deformed and rapidly tapering lamellae in feldspars with 
locally developed myrmekites. The quartz, occurring as 
linear bands, shows undulose wavy extinction, recrys¬ 
tallized sutured grain contacts, with occasional granulated 
and polycrystallized fine-grained streaks parallel to the 
gneissosity. 

Seven fresh and representative samples of Loda Pahar 
trondhjemitic gneiss were selected for geochemistry. All 
the major and trace elements were determined by XRF 
(Siemens SRS-3000 sequential X-ray spectrometer) and 
the rare-earth elements (REE) by AES-ICP at WIHG. 
The analytical methods for determining REE are similar 
to those proposed by Walsh^ The geochemical data of 
the LPTG are given in Table 1. 

The chemical composition of the LPTG is quite 
uniform. The rock contains a restricted range of Si 02 
(69.45-70.69%), AI 2 O 3 (15.89-16.5%), MgO (0.66- 
0.82%), .CaO (1.83-2.18%), Na^O (5.55-6.08%) and 
K 2 O (2.32-2.75%). The rock is poor in ferromagnesian 
elements (Fe 203 + MgO + TiO^ <5%) and has high 
Na 20 values relative to CaO and K 2 O with consistent 
low K[ 20 /Na 20 (< 0.5) ratio. The sodic character of the 


LPTG is indicated by the K-Ca-Na triangular diagram 
(Figure 1), thus clearly reflecting trondhjemitic trend 
confirming to the definition of trondhjemite^. Further, 
the LPTG is classified as high-Al trondhjemites in view 
of its high AI 2 O 3 content (> 15%) at 70% Si 02 (refs 
10-12). Its high-Al nature is also substantiated by lower 
ratio of K/Rb (106-260, av. 176) and Rb/Sr (av. 0.17), 
low Y (10-13 ppm), Cr (9-21 ppm, av. 14 ppm) and 
Nb (10-14 ppm), and high Sr (647-910 ppm) content. 
Similar values have been reported for Archaean high-Al 
TTG rocks from various continents'^ Being uniform in 
major and trace element composition, two samples of 
LPTG were selected for REE analysis. The consistency 
of REE data and the highly fractionated (La/Yb)j^ (43, 
49.6) with depleted Yb^^ content (3.83) and concave 
upward shape at heavy REE (HREE) end without any 
significant Eu anomaly in the LPTG is remarkably 
similar to the typical high-Al TTG suite reported from 
the Archaean^ 

As mentioned earlier, the Archaean TTG at 70% 
Si 02 level have been divided into geochemically distinct 
low-Al and high-Al types. This subdivision emphasizes 
the significant role of hornblende and its retention as 
a refractory phase in the source rock during partial 
melting, thereby increasing the AI 2 O 3 content in the 
melt^"*. Various models for the origins of TTG parental 
magmas have been proposed by the earlier workers; 
however, the recent geochemical and experimental studies 
on the Archaean rocks convincingly support the idea 
of partial melting of garnet-bearing amphibolites^^. 

The strongly fractionated REE pattern and HREE 
depletion in the LPTG magma (Figure 2) suggest that 


K 



Figure 1. Ternary K-Na-Ca plot for the LPTG samples lying on 
the trondhjemite trend (from ref. 10). 
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Figure 2. Chondrite normalized REE pattern of LPTG. 


hornblende and/or garnet may be the residual phase in 
the source. Further, the presence of garnet in the 
hornblende-rich source is implied by the metaluminous 
composition and the low normative corundum average 
values of 0.36%. The plots of the LPTG samples on 
(La/Yb)j^ vs Ybj^ and Sr/Y vs Y diagram (Figure 3) 
fall in the Archaean TTG field and suggest the generation 
of magma by partial melting of the source rock comprised 
of 10% garnet amphibolite. Such a derivation of 
trondhjemitic magma is now well constrained by ex¬ 
perimental and geochemical data by Martin‘^’^^ who 
suggested a three-stage process for their genesis: (i) 
initial production of a large volume of tholeiitic magma 
by partial melting of mantle; (ii) metamorphic transfor¬ 
mation of this tholeiite into garnet amphibolite and their 
subsequent partial melting to give rise to the parental 
magmas of TTG, leaving hornblende + garnet+ 
clinopyroxene + minor plagioclase; and (iii) fractional 
crystallization mainly of hornblende + plagioclase to 
produce the differentiated TTG suite. The highly frac¬ 
tionated REE pattern of the LPTG compares closely 
with the high-Al older metamorphic tonalitic gneiss 
(OMTG), Champua area of Singhbhum-Orissa craton 
(3.6 Ga)^^’^^; Markampara trondhjemite from Bastar 
craton (3.5 Ga)^^; trondhjemitic gneiss from Satnur^ 




Figure 3. a, (LaA"b)j^ versus (Ybj^) diagram showing changes in REE 
contents with time (from ref. 13), the LPTG data plot in the Archean 
TTG field, b, Sr/Y versus Y diagram showing that the LPTG samples 
have an affinity with 10% garnet amphibolite source (from ref. 11). 

Halagur-Sivasamudram area, Dharwar craton (2.9 Ga)^^ 
of the Indian Shield; trondhjemitic gneiss from Mount 
Edger batholith, Pilbara, Australian Shield (3.3 Ga)^^ 
Ancient Gneissic Complex, Swaziland (3.0 Ga)^^’^^ and 
Kivijarvi trondhjemitic gneiss from eastern Finland (2.8 
Ga)^~. In view of the remarkable geochemical similarity 
between the LPTG and other trondhjemitic rocks from 
different Archaean terrains, it is evident that the likely 
process of their formation may be the same. 

To summarize, the presence of the typical high-Al 
trondhjemitic gneiss in association with other crustal 
components as relicts from the Kabrai area provides the 
first convincing evidence to qualify the Bundelkhand 
craton as a typical Archaean terrain similar to 
Singhbhum-Orissa, Bastar and Dharwar cratons of the 
Indian Shield. 
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Hypothalamic y-glutamyl 
transpeptidase activity in rats 
following morphine and naloxone 
treatment 

P. Sreenivasan and E. Vijayan 

School of Life Sciences, Pondicherry University, Pondicherry 605 014, 
India 

Hypothalamic y-glutamyl (y-GT) transpeptidase acti¬ 
vity was measured in pubertal and sexually mature 
male rats. Rats were given subcutaneous injection of 
morphine and naloxone and the enzyme activity was 
measured at different time intervals. Morphine had 
an inhibitory effect on the enzyme activity in both 
the age groups. Naloxone, an opioid receptor anta¬ 
gonist, had a stimulatory effect on y-GT activity in 


pubertal rats while it had no effect in sexually mature 
rats. This suggests that opiates exert an inhibitory 
effect on glutathione utilization through y-GT cycle. 
Physiological significance of this finding with refer¬ 
ence to pituitary function appears to be the suppres¬ 
sion of gonadotropin secretion. 

GAMMA-glutamyl transpeptidase (y~GT) is a widely dis¬ 
tributed enzyme that functions in the utilization of 
glutathione by transferring the y-GT moiety of the 
tripeptide to amino acid or peptide acceptors. This 
enzyme together with others plays a major role in the 
synthesis and degradation of glutathione via the y-GT 
cycle^ Gamma-GT is a membrane-bound enzyme present 
in abundance in epithelia of many organs^’^. The sub¬ 
strates for the enzyme are glutathione (GSH), oxidized 
glutathione (GSSG), S-substituted glutathione and other 
y-GT compounds. Glutathione’s function is to maintain 
protein thiol groups which may be required for catalysis 
and is involved in protein assembly and degradation. 
Glutathione also helps in protecting protein and cell 
membranes against peroxides and free radicals. 
Glutathione has also been reported to play a modulatory 
role on anterior pituitary hormone release"*. It is probable 
that glutathione interacts with neuropeptides such as 
GnRH, opioid peptides and other regulatory elements 
at the hypothalamic level to elicit an endocrine response. 
The present study was designed to evaluate whether 
hypothalamic y-GT transpeptidase activity responds to 
treatment with morphine sulphate - an opiate agonist - 
and naloxone - an opioid receptor antagonist - and there¬ 
by affects glutathione metabolism in pubertal and sex¬ 
ually mature rats. 

All the experiments were done in colony-bred rats, 
derived from Wistar strain, purchased from the Animal 
Facility of Jawaharlal Institute of Postgraduate Medical 
Education and Research (JIPMER), Pondicherry, and 
Kind Institute of Preventive Medicine, Madras. Forty 
(pubertal) and 60 (sexually mature) days old male rats 
were used in this study. They were maintained under 
controlled conditions of light (14 h light and 10 h dark) 
and temperature with free access to drinking water and 
standard rat pellets. 

Morphine sulphate, y-GT paranitroanilide, glycyl- 
glycine and naloxone were obtained from Sigma Chemi¬ 
cal Co., St Louis, USA. Naloxone (2 mg/kg body weight, 
dissolved in 0.9% saline), morphine sulphate (2 mg/kg 
body weight dissolved in 0.9% saline) were injected 
subcutaneously. All the doses employed are known to 
produce physiological responses^’^. Rats were sacrificed 
at 1 and 4 h after injection and hypothalamus was 
quickly dissected out and processed for estimation of 
y-GT transpeptidase. The enzyme activity was estimated 
according to the method of Tate and Meister^ as stand¬ 
ardized by Pasha and Sadasivudu^. This method has 
been widely used to measure the enzyme activity in 
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choroid plexus and other areas of brain*. The assay 
mixture consisted of 80 jxmol of Tris-HCl buffer (pH 
9.0), ISOpmol of NaCl, 40|a.mol of glycyl glycine, 5 
pmol of Y-GT paranitroanilide and 0.4 ml of 2% 
homogenate (in 0.25 M sucrose). After 30 min incubation 
at 37°C the reaction was terminated by the addition of 
2 ml of 10% acetic acid. After centrifugation at 5000 
rpm for 20 min the absorbance of the clear supernatant 
was read at 410 nm. The enzyme activity was expressed 
as M-mol of paranitroaniline liberated per gram weight 
of tissue per hour with reference to a standard graph 
plotted using different concentrations of paranitroaniline 
and treating it with acetic acid. 

Statistical analysis was done using analysis of variance, 
followed by Duncan’s new multiple range test. 

y-GT activity ranged from 44.1410.64 in 40-day-old 
to 52.9611.91 fimol p-nitroaniline released/g wt tissue/h 
in 60-day-old rats. Administration of morphine to 40- 
day-old rats did not modify the enzyme activity at 1 h, 
whereas the activity was reduced at 4 h (P < 0.05) after 
injection. In contrast, naloxone treatment produced an 
increase in the y-GT activity at Ih (P<0.05) while 
there was no change at 4h (Table 1). Morphine treatment 
to 60-day-old rats reduced hypothalamic y-GT activity 
significantly both at 1 h (P<0.01) and at 4h (P< 0.05) 
after injection. Naloxone, however, caused no change 
in the enzyme activity either at 1 or 4 h in 60-day-old 
rats (Table 2). 

The present results show that morphine, a natural 
opiate agonist and naloxone, an opiate receptor an¬ 
tagonist, produce changes in hypothalamic y-GT transpep¬ 
tidase activity. Though morphine sulphate failed to 
modify y-GT at 1 h, it produced significant reduction 


Table 1. Hypothalamic y-glutamyl transpepddase activity in 40-day- 
old rats 


Treatment 

1 h 

4h 

Saline control 

Morphine sulphate 
Naloxone 

44.14 + 0.64 

42.98 ±1.2 

52.10 ±4.3* 

43.21 ±0.8 

34.62 ±1.2* 

46.13 ±2.4 

*P<0.05. 

Values are in pmol p-nitroaniline released/g wt tissue/h. 

Values represent mean±SE of 6 rats in each group. 

Table 2. Hypothalamic y-glutamyl transpeptidase activity in 60-day- 
old rats 

Treatment 

1 h 

4h 

Saline control 

Morphine sulphate 
Naloxone 

52.96 ±1.91 

44.47 ±0.5** 
49.93 ±2.2 

51.40±1.0 

46.10 ±2.5* 

55.80 ±1.3 


*P<0.05. 

**P<0.01; significantly different from control value. 
Values are in |imol p-nitroaniline released/g wt tissue/h. 
Values represent mean±SE of 6 rats in each group. 


at 4 h in 40-day-old rats. Administration of naloxone, 
on the other hand, produced an opposite effect. Earlier 
studies showed that glutathione content in hypothalamus 
reached a peak at puberty. Further, intraventricular ad¬ 
ministration of glutathione resulted in a significant in¬ 
crease in plasma FSH and a reduction in LH levels in 
ovariectomized oestrogen-progesterone primed rats^. 
Such an effect of glutathione on gonadotropin levels 
together with the observation of pubertal peak in 
glutathione content suggested an interaction of 
glutathione with the hypothalamic-pituitary axis. The 
increase in y-GT activity in pubertal rats is consistent 
with the above observation. Further, it is significant in 
consonance with the recently held view that attenuation 
of opioid inhibition at the time of puberty in male and 
female rats is one mechanism for the onset of puberty^’^^. 
Increased utilization of glutathione through y-GT cycle 
maybe one mechanism for increased secretion of 
gonadotropins^. In sexually mature rats naloxone did 
not modify y-GT activity, suggesting noninvolvement of 
glutathione utilization in endogenous opioid-mediated 
hormone response in these rats. Morphine sulphate had 
a marked inhibitory effect on hypothalamic y-GT activity 
in both 40- and 60-day-old rats. Administration of 
morphine is reported to be inhibitory to gonadotropin 
secretion^’^’^'. Available evidences suggest that 
glutathione utilization by the y-GT cycle is involved in 
gonadotropin release'^’^^ A decrease in y-GT activity 
following morphine treatment suggests that this may be 
one of the mechanisms of morphine-induced suppression 
of gonadotropin secretion. Morphine is known to regulate 
release of other pituitary hormones as well^. It may do 
so by altering the release of neurotransmitters at the 
hypothalamic level. The physiological significance of 
the effect of morphine on glutathione utilization through 
the y-GT cycle on pituitary hormone release is not clear. 
The formation of y-GT derivatives such as y-GT 
dopamine may have functional significance as dopamine 
is known to influence release of a number of hormones 
from the pituitary’^'^^ 

Since opiates of other classes (prodynorphine and 
proenkephalin) are less potent in eliciting a response 
on gonadotropin release as compared to morphine, they 
were not used in the present study. However, the present 
results suggest that hypothalamic y-GT transpeptidase 
activity is altered under the influence of morphine and 
reversed by opioid receptor antagonist naloxone. The 
exact mechanism and physiological significance of this 
response is yet to be understood. 

The data presented suggest that opioid peptides, have 
an inhibitory effect on glutathione utilization through 
the y-GT cycle. In pubertal rats, opioid receptor an¬ 
tagonist naloxone stimulated the y-GT activity, indicating 
endogenous opioid-mediated suppression of glutathione 
utilization. This is significant with respect to onset of 
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puberty as glutathione level in hypothalamus is reported 
to reach a peak at puberty. Suppression of y-GT 
transpeptidase activity by morphine in both the age 
groups suggests that this may be one of the mechanism(s) 
involved in suppression of gonadotropin secretion. 
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Inhibition of biogas production by 
isobutyric and isovaleric acids and 
their precursors 
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Isobutyric and isovaleric acids inhibit the production 
of biogas in the anaerobic fermentation of cowdung 
slurry at a concentration of 1000 ppm. Amino acids 
leucine and valine, whose metabolic products are 
isovaleric and isobutyric acids, respectively, when 
added to the fermenting media did inhibit the biogas 


production, but not to the extent free acids do, as 
some of the amino acids could have been utilized 
for protein synthesis. 

Methane gas production under anaerobic fermentation 
of agricultural wastes and animal wastes is a complex 
multistep system involving different microorganisms, 
which first degrade cellulose and turn the product into 
methane with the help of methanobacterium present in 
the mediumMany investigators have reported about 
the importance of volatile acids in the production of 
methane gas from cattle wastes. Varel et al^ observed 
that, under conditions of optimum methane production 
from cattle wastes, total volatile acid is the first to 
accumulate in large amounts by increasing the total 
volatile solids in the feed. The additive effect of addition 
of water hyacinth^”^ and poultry waste* to cowdung 
enhanced the volatile fatty acid content. This was further 
confirmed using a two-phase fermenting system^. Hobson 
and Shaw^® reported that volatile fatty acids acetate and 
butyrate were not inhibitory to methane production by 
Methanobacterium formicium, but propionate was under 
certain conditions. Kalle and Menon" reported that 
methanogenesis was inhibited by branched-chain fatty 
acids like isobutyric and isovaleric acids below ambient 
temperature. However, Kalle et al}^ reported that normal 
mixed cellulolytic culture produces straight-chain fatty 
acids, which could be due to the presence of isovaleric- 
degrading bacteria present in marine sediment and sewage 



Figure 1. Effect of addition of isobutyric or isovaleric acid to the 
fermenting medium. Isobutyric acid (IBA) or isovaleric acid (IVA) 
was added on the 15th and 20th days of fermenting to a final 
concentration of 1000 ppm and the total amounts of volatile acids and 

biogas produced were measured, a. Control: •-total volatile 

acids; •-• biogas produced, h, IBA or IVA added: O-O 

IVA, total volatile acids; O-O IVA, biogas produced; 

X-X IBA, total volatile acids; x-x IBA, biogas produced. 
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Table 1. Biogas production from cowdung in the presence of 
valine or leucine 


Treatment/ 

Days 

5 

10 

15 

20 

25 



(1/kg solid) 



Control 

0.22 

1.36 

3.49 

12.33 

12.11 

+ valine 

(2000 ppm) 

0.15 

1.05 

2.89 

11.06 

10.94 

+ leucine 

(2000 ppm) 

0.17 

1.24 

3.27 

11.42 

11.15 

SEM± 

0.013 

0.050 

0.074 

0.061 

0.051 

CD (5%) 

0.046 

0.176 

0.259 

0.212 

0.178 

CD (1%) 

0.070 

0.267 

0.392 

0.321 

0.270 


NB: Values are means of four replicates. 


Table 2. Total volatile fatty acids in the medium in the presence 
of vaiine and leucine 


Treatment/ 

Days 

5 

10 

15 

20 

25 


(meq/lOOg solid) 


Control 

7.79 

15.53 

25.86 

14,20 

13.19 

+ valine 

(2000 ppm) 

7.86 

16.40 

29.20 

18.40 

17.33 

+ leucine 

(2000 ppm) 

7.06 

15.66 

27.46 

15.86 

15.33 

SEM + 

0,254 

0.139 

0.263 

0.213 

0.313 

CD (5%) 

0.880 

0.482 

0.912 

0.739 

1.084 

CD (1%) 

1.334 

0.731 

1,755 

1.120 

1.642 


NB: Values are means of four replicates. 


sludge^^ Since the presence of inhibitors may also affect 
the rate of biogas production, the present study is 
directed towards the effect of branched-chain fatty acids 
and their precursors on biogas production. 

Fresh cowdung was collected from the cattle farm of 
Rajasthan College of Agriculture, Udaipur. Volatile fatty 
acid in the fermenting media was estimated according 
to the method of Scarisbrick^'^, by acidifying the sample 
with phosphoric acid to pH 2.5, diluting with equal 
volume of water and centrifuging to remove the solid 
material. Biogas production was measured by collecting 
the gas in an apparatus designed in this lab (Simlot, 
unpublished), which was connected to a digestor. The 
digestor contained 7.5% slurry of cowdung (total volume 
400 ml) and was allowed to digest at 35 ± 2'’C. The gas 
was collected for 5 days and measurements made every 
5th day. 

The production of biogas depends on the medium, 
temperature and other anaerobic conditions of the medium 
and normally begins between days 3 and 12 at 55“C 
in cowdung fermentation"*. As shown in Figure 1, in 
this case it started after 4 days and reached the maximum 
production of 13.46 1/kg solid on the 20th day in the 
control. Thereafter, the biogas production started declin¬ 
ing to the level of 13.221/kg solid on the 25th day. 
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The amount of total volatile fatty acids rose, reaching 
an optimum level of 262.9 meq/kg solid on the 15th 
day of fermentation and then dropping suddenly to 105.8 
meq/kg solid on the 20th day. These observations about 
sudden spurt in biogas production from 15th to 20th 
day and concomitant drop in the total volatile fatty acid 
content confirms the earlier report that biogas production 
is dependent on the formation of volatile fatty acids^. 
On addition of branched-chain fatty acids like isobutyric 
and isovaleric acids (1000 ppm each) to the fermenting 
medium on the 15th day, when the biogas production 
had started picking up, it was found that gas production 
had gone down considerably, while at the same time 
the total volatile fatty acid content, instead of coming 
down, had started going up. Another dose of these acids 
on the 20th day had totally blocked the production of 
biogas. These results confirm the observations of Kalle 
and Menon** regarding the inhibitory effect of these 
acids on methane production. 

Leucine and valine through a number of intermediate 
steps are metabolized to isovaleric and isobutyric acids, 
respectively. The presence of these amino acids in the 
fermenting medium can be used in two ways-either 
for the synthesis of new proteins or enzymes, or the 
excess may metabolize to isobutyric and isovaleric acids. 
The conversion of leucine and valine to isovaleric and 
isobutyric acids will inhibit the methanogenesis. Table 
1 gives the volume of the biogas produced when leucine 
or valine was added to the fermenting medium. Initially, 
there was not much change in the amount of biogas 
produced in comparison to the control. But after the 
15th day, biogas production was significantly reduced 
as compared to the control and remained at the lower 
level thereafter. The total volatile fatty acid content 
(Table 2), however, increased significantly over the 
control. Thus, these results indicate that the two amino 
acids are partially metabolized to their corresponding 
fatty acids, i.e. isovaleric and isobutyric acids, respec¬ 
tively, with the result that biogas production is inhibited. 
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Production of wheat haploids 
through embryo rescue from 
wheat X maize crosses 
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Appropriate hormone treatment using 2,4-D and gib- 
berellic acid led to a high frequency (34.17%) of 
embryo formation in crosses of field-grown wheat 
strains with maize. Twenty-five days after culture on 
MS medium supplemented with casein (2000 mg/l) 
and amino acids, 30.95% of the embryos showed 
plant formation, 44.05% resulted in callus-like struc¬ 
tures and the remaining failed to respond. The haploid 
nature of some of the regenerated plants was con¬ 
firmed cytologically. Implications for wheat breeding 
are discussed. 

Wheat is a premier food crop of worldwide importance. 
It is also a crop where conventional plant breeding has 
paid rich dividends, as epitomized by the green revolu¬ 
tion. However, the current impasse in yield levels calls 
for application of newer techniques. A major hindrance 
to rapid genetic turnover in self-pollinated crops, such 
as wheat, is the inordinately long time (generally 8-10 
years) it takes to develop stable, homozygous and 
ready-to-use material from a fresh cross. In this context, 
anther/microspore culture has often been proposed as a 
method for producing instant homozygous lines via 
haploidy. In wheat, wide hybridization followed by 
chromosome elimination serves as an alternative route 
to haploidy, e.g. v/htsit x Hordeum bulbosum and 
wheat xZe(3 mays crosses. The wheat xZ mays cross 
is a relatively new system which offers distinct ad¬ 
vantages such as freedom from genotypic specificity, 
the bane of anther culture approach as well as the 
wheat X H. bulbosum system (which is restricted to wheat 
genotypes carrying the kr crossability genes). Moreover, 
the system is less prone to gametoclonal variation owing 
to the absence of a dedifferentiated phase. 

Zenkteler and Nitzsche^ were the first to report micro¬ 
scopic, early-stage embryos in crosses between wheat 


and maize. However, the frequency of embryo formation 
was not specified, nor was evidence presented for their 
hybrid origin. Intrigued by this report, Laurie and Ben¬ 
nett^ set out to study early post-pollination events in 
wheat and maize crosses under a CIMMYT project. 
They demonstrated the presence of both wheat and 
maize chromosomes in the zygotes and observed further 
that maize chromosomes were eliminated during initial 
cell divisions. Endosperm development ceases early or 
never occurs and embryos fail to develop to a size that 
can be readily rescued. Two years later, they reported^ 
the recovery of the first haploid plants using the 
wheat X maize system by employing in vitro culture of 
wheat spikelets, 2 days after pollination. A method that 
bypassed spikelet culture was devised by Suenaga and 
Nakajima^ who injected 2,4-D solution (100 ppm) into 
the uppermost internodes of wheat stems to sustain 
embryo growth on the plant itself, till the appropriate 
stage for embryo rescue. 

The present study was conducted as a preliminary 
assessment of the applicability of the system to indi¬ 
genous material grown under field conditions and to 
judge its potential as a plant breeding tool. The wheat 
material used represented advanced, agronomically 
relevant homozygous lines. (For actual plant breeding 
purposes, however, heterozygous material would be 
required.) Wheat ears were emasculated 3-5 days prior 
to anthesis by opening up the glumes and removing the 
anthers, unlike the conventional practice, which involves 
the cutting of the glumes to expose the androecium. 
Freshly collected pollen from a winter maize variety, 
Partap 1, was used for pollinations, 3-5 days after 
emasculation. The pollinated tillers were administered 
injections of 2,4-D solution (125 ppm) into the uppermost 
internode, daily in the evening, for three days after 
pollination. On the fourth day the ears were momentarily 
dipped in a solution of 2,4-D (100 ppm) + gibberellic 
acid (75 ppm). On an average, seed-like structures (Figure 
1 a) were seen to develop in 86.71% of the wheat 
ovaries pollinated with maize (Table 1). Closer examina¬ 
tion of the ears revealed that ovaries which failed to 
develop into seed-like structures were damaged by severe 
fungal infection. The presence of a large amount of 
maize pollen in the floret and moisture provided by 
hormonal (2,4-D) ear dip might have favoured this 
fungal growth. Thus, seed-like structures develop in all 
the viable florets. Obviously, all such seeds are not the 
result of fertilization and are probably formed due to 
hormone induced enlargement. Thus, actual seed setting 
could be assessed only after dissecting the seed-like 
structures and observing the presence/absence of 
embryos. Twenty developing seeds each of six genotypes 
15 days after pollination with maize were specifically 
dissected for this purpose. No visual differentiation 
seemed to exist between seeds that carry an embryo 
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and those that do not. The frequency of embryos ranged 
from 5 to 60% (Table 1). Small sample size makes it 
difficult to say whether this denotes genotypic specificity. 
However, remarkably high overall frequency of . 34.17% 
indicates the scope for applying this system to plant 
breeding situations. 

The second important factor for the success of this 
system is the frequency of plant emergence from the 
cultured embryos. For culturing, 15-day-old (days after 
pollination with maize) seed were surface-sterilized in 
70% alcohol for 30 s followed by a 10 min treatment 
with 0.15% mercuric chloride and three rinses in sterile 
water. Embryos were excised aseptically under a stereo 
microscope and cultured in a medium containing MS 
basal salts supplemented with casein (2000 mg/1), l- 
glutamine (400 mg/1), L-alanine (50 mg/1), L-cysteine (20 
mg/1), L-arginine (10 mg/1), L-leucine (10 mg/1), inositol 
(100 mg/1) and sucrose (50 g/1). The embryos were atypi¬ 
cal in shape, having microcalli-like appearance, and were 
found floating in the watery endosperm (Figure 1 b). 
The cultures were incubated in total darkness for 10 days 
at 25± rc and then shifted to 16h/8h light/dark regime. 

The response of the embryos was recorded 25 days 
after the culture and is shown in Table 1. Out of the 
total 84 embryos cultured, 26 showed plant emergence 
(Figure 1 c), giving a frequency of 30.95% averaged 
over genotypes. A considerable proportion (44.05%) of 
the embryos formed callus-like structures probably due 
to the carryover effect of 2,4-D treatments. Transfer to 
regeneration medium in the subsequent culture can result 
in plant formation from these embryo-derived calli. 
About 25% of the embryos showed no response. Further 
experimentation for fine-tuning of the medium composi¬ 
tion can greatly enhance the recovery of haploid plants. 


For confirming the haploid nature of the regenerated 
plants, mitotic chromosome analysis of root tips was 
conducted. Some randomly taken plants were analysed. 
The roots were pretreated in a saturated solution of 
a-bromonaphthalene for 2h and fixed in Carnoy’s solu¬ 
tion for 24 h. The roots were then hydrolysed in 1 N 
HCl at for 10 min and stained with 2% aceto- 

carmine. The dividing cells carried a chromosome com¬ 
plement of 21 chromosomes (Figure Id) in all the 
plants as revealed by light microscopy. The normal 
somatic chromosome number of hexaploid wheat is 42. 

The wheat X maize system holds promise for 
revolutionizing wheat breeding methodology. Homo¬ 
zygosity is approached in one step, thereby circumventing 
a period of 6-8 years in the breeding cycle. This system 
can be very valuable for situations requiring immediate 
genetic amelioration, e.g. incorporation of resistance to 
major crop diseases. In addition, doubled haploids from 
crosses of divergent wheat parents is a short cut in 
obtaining recombinant inbreds, which are very useful 
for construction of genetic linkage maps using molecular 
markers. Haploids can also be useful for induction and 
recovery of mutants as well as for basic studies involving 
genomic relationships. 
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Molecular Genetics of Bacterial 
Pathogenesis: A Tribute to Stanley 
Falkow. Miller, V. L., Kaper, J. B., 
Portnoy, D. A. and Isberg, R. R. (eds). 
American Society for Microbiology, ASM 
Press, Washington, DC 20005, USA. 
1994. XL+ 529 pp. Price: £ 59.50. 


This volume is meant to commemorate 
the 60th birthday of Stanley Falkow, who, 
with his enunciation of ‘molecular koch’s 
postulates’, laid the foundations of 
molecular genetic analysis of bacterial 
pathogens. ‘Legacy of Stanley Falkow’ 
by Kaper and Miller brings out his ex¬ 
traordinary talents as a researcher matched 
by his exceptional skills as a teacher. In 
‘A look through retroscope’ Falkow him¬ 
self recounts the origins of his interests 
in bacterial pathogenicity, which started 
after reading Microbe Hunters at a very 
young age, and culminated in unravelling 
several of the molecular underpinnings 
of bacterial pathogenicity. 

The main text of the book is divided 
into six parts. 

Part I - ‘Retrospective look at early 
advances’ - is a historical account of how 
Falkow’s work on extrachromosomal ele¬ 
ments, especially R factor, increased the 
awareness of the scientific community 
that plasmids were not a curiosity of 
geneticists but rather had far-reaching 
practical implications, viz. role in bacterial 
pathogenesis and antibiotic resistance 
(Chapters 1, 2). There are reviews on the 
role of Tn3 in the spread of antibiotic 
resistance (Chapters 3, 4) and application 
of plasmid profile analysis to trace the 
epidemiology of pathogenic bacteria, 
which is now a burgeoning field of 
‘molecular epidemiology’ (Chapter 5). 

Colonization of the host surfaces by 
pathogenic bacteria represents the first 
and an almost indispensable step in the 
initiation of infectious disease process. 
Thus, an interest in colonization factors, 
both for studying the bacterial 
pathogenicity and for designing interven¬ 
tional strategies, cannot be overem¬ 
phasized. Part 2 ~ ‘Adhesins’ - discusses 
molecular genetics of an array of coloniza¬ 
tion factors, viz. adherence factors of 
urinary tract pathogens (Chapter 6), 
E. coli type 1 pili (Chapter 7), pilus 
antigenic variation (Chapter 8) and type 
4 pili (Chapter 9). These chapters not 
only depict the state-of-the-art of the sub¬ 
ject but also relate the chequered path 


of the development of each of these areas. 

Until recently, adhesins were seen as 
appendages passively mediating attach¬ 
ment of pathogens to single receptor on 
the host or target cells. It is, however, 
becoming clear that adhesins are much 
more complex structures in having mul¬ 
tiple binding sites and their function is 
not limited to passive binding but extends 
to signal transduction in host/target cells. 
To cany out such functions adhesins 
mimic host molecules whose natural func¬ 
tions involve adherence and signal 
transduction. Also, co-operation exists be¬ 
tween different adhesins in establishing 
an infection which is reflected in the 
organization and regulation of their genes. 
These aspects have been discussed in 
relation to adhesins of Bordetella pertussis 
(Chapter 10), Haemophilus influenzae 
(Chapter 11) and E-PEC (Chapter 12). 
Discussion on murine colonic hyperplasia, 
a naturally occurring disease of mice 
caused by Citrobacter freundii biotype 
4280, has obvious relevance to the study 
of human proliferative bowel disorders 
(Chapter 13). 

Intracellular bacteria, whether obligate 
or facultative, present enormous challen¬ 
ges to scientific and medical community. 
Part 3 - ‘Molecular and cellular biology 
of intracellular bacteria’ ~ present a 
detailed account of the molecular under¬ 
pinnings of virulence determinants of in¬ 
tracellular bacteria and the cell biology 
of their interaction with host cells. Ex¬ 
haustive genetic approaches have been 
used to identify Salmonella virulence 
genes. The various genes under inves¬ 
tigation are: spv (Salmonella plasmid 
virulence), spa (surface presentation of 
antigen), inv (mvasion), pag (Pho-P acti¬ 
vating genes) (Chapter 14). Spectacular 
events in the host cell which accompany 
the invasion of Yersinia (Chapter 15) and 
Salmonella (Chapter 16) into the cell are 
also discussed. 

Studies on the molecular aspects of the 
growth of Legionella pneumophila within 
the phagocytic cells have been presented 
to provide a comprehensive model by 
which pathogens may manipulate the host 
cells to suit to their intracellular lifestyle 
(Chapter 17). The host response to 
Listeria monocytogenes, an important 
food-borne pathogen, has been reviewed 
as a paradigm of cellular immune response 
to intracellular pathogens (Chapter 18). 
The emphasis of the review is on the 
cell biology of this infection, i.e. 


pathogen’s entry into the host cell, its 
escape from the phagocytic vacuole using 
listeriolysin O (LLO) and the role of 
actin-driven movement in intercellular 
spread. The molecular genetics of 
chlamydial pathogenesis are currently 
under intensive investigation. In this con¬ 
text, the recently proposed chlamydial 
adhesins, viz. major outer membrane 
protein (MOMP), chlamydial cytoadhesin 
(CCA), Hsp-70 and another outer 
membrane protein (omp-2) have been 
reviewed. The potentialities of some of 
these antigens for the development of a 
vaccine have also been discussed (Chapter 
19). 

Part 4 - ‘Extracellular structures and 
products’ (Chapters 20-26)-is a critical 
account of the molecular genetics of the 
most obvious virulence determinants, viz. 
capsules (E. coli K-1 and Group B strep¬ 
tococci - type III), toxins (pertussis toxin 
and £. coli verotoxins), E. coli hemolysin, 
flagella {Campylobacter spp.) and yops 
{Yersinia spp.). Detailed information on 
the molecular genetics of these products 
has been gained primarily because these 
virulence factors have been most 
amenable to tools of molecular biology. 
The biosynthesis and assembly of these 
virulence factors have been discussed in 
detail. The high degree of sequence and 
functional conservation among dispartate 
virulence factors has been summarized 
succinctly. In these chapters, some of the 
very interesting topics which provide 
newer leads for further research are: 
periplasmic space of gram negative bac¬ 
teria as a potential target for antimicrobial 
agents, study of E. coli hemolysin in 
conjunction with lipopolysaccharide to un¬ 
ravel its exact role in pathogenesis and 
tyrosine phosphatase activity of the yops 
of pathogenic yersiniae and their homol¬ 
ogy to eukaryotic signal transduction 
proteins. 

Part 5 - ‘Virulence gene regulation’ - 
discusses molecular genetic mechanisms 
underlying regulatory loops responsible 
for the expression and regulation of 
virulence genes. The complexity of these 
regulatory loops has been illustrated by 
the well-known bvg regulation in Bor- 
detella pertussis (Chapter 27) and 
methylation-dependent and Lrp (Leucine 
responsive regulatory /?rotein)-dependent 
fimbrial gene expression in E. coli (Chap¬ 
ter 28). In addition to these, two other 
systems, namely urease as a potent 
virulence factor (Chapter 29) and plas- 
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mid-mediated iron transport virulence sys¬ 
tem of Vibrio anguillarum (Chapter 30), 
have been discussed. The chapter on 
urease makes very interesting reading 
wherein genetic organization and regula¬ 
tion of urease genes of members of 
enterobacteriaceae {Proteus mirabilis, 
Klebsiella aero genes and E, coli), gram 
positive bacteria {Staphylococcus sapro- 
phyticus and a thermophilic Bacillus sp.) 
and Helicobacter pylori have been discussed. 

Part 6 - ‘Other aspects of bacterial 
pathogenesis’ - is an assemblage of assor¬ 
ted aspects of bacterial pathogenicity 
which arose during Falkow’s work 
detailed in the preceding chapters. None 
of these topics have been dealt with in 
previous compilations on the subject. It 
is apparent that these aspects of bacterial 
pathogenicity would constitute important 
areas of research in the future. 

The enzyme systems responsible for 
sucrose transport, sucrose hydrolysis and 
synthesis of extracellular and intracellular 
polymers have been viewed as pivotal 
virulence factors for the cariogenic mutans 
streptococci. Newer tools which may help 
elucidate molecular mechanisms underly¬ 
ing synthesis, regulation and interrelations 
of these enzymes have been discussed 
(Chapter 31). 

In general, it is very well-known that 
several factors, both host and pathogen, 
determine the minimum inoculum re¬ 
quired to produce a disease in susceptible 
hosts. In this regard genetic determinants 
of acid resistance of Shigella spp. have 
been discussed (Chapter 32). However, 
the thought-provoking question in this 
chapter is: Are there any specific factors 
which dictate infective dose of a 
pathogen? 

A great deal of progress has been made 
in recent years in the field of mucosal 
vaccines. Various aspects of the subject 
discussed include - cholera toxin subunit 
B as a model for the development of 
nonliving mucosal vaccines, its use as an 
adjuvant for other mucosal vaccines and 
live mucosal vaccines as carriers of 
heterologous antigens (Chapter 33). 

The discussion on phylogenetic diver¬ 
sity of microbial pathogens (Chapter 34) 
brings into focus the bias of in vitro 
growth enrichment methods towards bac¬ 
teria isolated from the environment. To 
what extent are these methods relevant 
to microbial flora of mammals? The in¬ 
adequacy of these methods has been 
illustrated by the identification of uncul- 


turable pathogens directly from host tissue 
using PCR-amplified 16S rRNA sequences. 

Since this volume is meant to be a 
tribute to Stanley Falkow, all the con¬ 
tributors are his former students, postdoc¬ 
toral fellows or collaborators. So only 
those aspects of bacterial pathogenicity 
which have been pursued in his laboratory 
are reviewed. Nevertheless, it encompas¬ 
ses not only a good range of microbial 
pathogens and vimlence determinants but 
also incorporates certain aspects, especially 
in Part 6, hitherto not dealt with in any 
of the previous works on this subject. 

The book has the characteristic stamp of 
the American Society for Microbiology, i.e. 
highly authoritative and immensely readable. 

All in all, this volume should form an 
important part of any collection, whether 
individual or library, dealing with bac¬ 
teriology, medical microbiology, bacterial 
pathogenesis or infectious diseases. 

J. S. ViRDI 

Department of Microbiology, 

University of Delhi South Campus, 
Benito Juarez Road, 

New Delhi 110021, India. 
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2nd edn. 467 pp. Price: $ 49.50, £ 35. 


Scientists of yesteryears were known as 
natural philosophers: people who 
wondered about the workings of Nature. 
They appear to us as free souls, knowing 
no boundaries of specializations, and ven¬ 
turing into any body of knowledge to 
seek an explanation to some riddle that 
caught their imagination. The book Life 
in Moving Fluids by Steven Vogel is a 
beautiful one, one that revives the 
memories of the natural philosopher. It 
is an account of a biologist stepping out 
of his customary confines and thinking 
about the effects of flow on life in moving 
fluids. 

Fluid mechanics has become a subject 
highly mathematized with a quest for 
exact results. The advent of high-speed 
computers has only enhanced this trend, 
and the frontier is occupied by computa¬ 
tions of creeping flows, direct numerical 


simulations of turbulent flows, etc. All 
this is not a criticism of what goes on 
in fluid mechanics, but one does wonder: 
Is there any room for natural philosophers 
in fluid mechanics? Vogel’s answer is an 
emphatic yes. 

The book is stmctured as follows: Each 
chapter begins with an introduction of a 
set of fluid-mechanical concepts, followed 
by the role they play in a wide variety 
of biological phenomena. The discussion 
is clear and simple, and the speculations 
are intriguing. The author also describes 
many simple experiments done by him¬ 
self. The gentle humour which he employs 
in his exposition is a bonus. 

The book begins with the notion of a 
fluid and that all important property- 
kinematic viscosity. Here we learn how 
viscosity plays an important role in the 
lives of antarctic mammals and birds, and 
affects the morphology of some 
microcrustacean species. Then follow the 
very important concepts of kinematics: 
conservation of mass and streamlines. 
Based on these simple ideas one can 
calculate the number of capillaries in our 
body, even without needing the proverbial 
back of an envelope. The next topics are 
pressure and momentum. A clean deriva¬ 
tion of Bernoulli’s equation, and nice 
examples of flow measurements are 
presented. The ideas of pressure distribu¬ 
tion and lift forces follow naturally, giving 
rise to beautiful examples of how these 
principles are ‘used’ by organisms to 
generate secondary flows, e.g. by termites 
to ventilate their mounds. All this leads 
up to a discussion of Newton’s second 
law. It is nicely tied up with jet propul¬ 
sion. It is really incredible that many 
living beings move by this principle, and 
belong to the ‘jet set’! 

The next few chapters drag ‘drag’ into 
focus. The new player is the Reynolds 
number. Here the origin of the drag force, 
the vagaries of the drag coefficients, 
separation of flow, streamlining of shapes, 
and scale modelling are explained in a 
very clear manner. Some of the author’s 
own clean and simple experiments on 
scale modelling are presented. Application 
of the principles of drag to biological 
systems leads to an immediate complica¬ 
tion since the shapes of living things are 
flexible and hence can interactively 
change with flow. Thus, there can be no 
discussion of ‘dragginess’ of a shape. All 
these ideas are discussed in the context 
of trees, microalgae, motile animals, etc.. 
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giving scope for some interesting ques¬ 
tions involving evolution of shapes. 

The next subject is velocity gradients, 
and boundary layers are introduced in a 
simple way laying emphasis on the 
geometries encountered in biological sys¬ 
tems. Vogel captures the essence of 
boundary layer by saying that ‘it is a 
place to hide from drag’. But, of course, 
hideouts have disadvantages too, since 
then there is a barrier to exchange of 
matter and energy. Consequently, there 
arise a whole lot of optimal existential 
problems. Thus, ‘there is a price in drag 
to be paid versus paying in the harder 
currency of lift’ due to their asymmetric 
shapes, cost of drag to be balanced against 
being away from the source of food, and 
penalty to be paid in terms of dispersal 
of spores for saving on drag, etc. 

Then come the important concepts of 
vorticity, circulation and lift. Common 
mechanisms by which vorticity is 
generated are discussed followed by the 
topics of gliding, soaring, flying, and 
swimming. 

The internal flows occupy the attention 
of the author in the next few chapters. 
As usual, the prototypical pipe flow is 
discussed. Here again the balance between 
power required to maintain the flow ver¬ 
sus the decreased transport rates from 
wall in the absence of convection is 
brought to focus. Another problem faced 
by big organisms is the distribution of 
nutrient-carrying fluids to various comers 
of the body. This gives rise to Murray’s 
law with its wide-ranging validity. This 
is fairly important given that the fraction 
of the metabolic rate spent on keeping 
the flow is considerable. 

The next topic covers the low Reynolds 
number external flows. Here the flow is 
slow and the transfer rates are also low. 
Diffusion is the source of food, and one 
would have to work very hard to move 
in order to enhance the transport rates. 
Though motility is available, one is per¬ 
haps better off waiting, a fact humorously 
explained by the notion of ‘a casual cow 
who, after eating, just waits for the local 
grass to regrow’. No discussion of creep¬ 
ing flows is complete without a discussion 
of terminal velocities. Vogel points out 
its relevance to survival, by citing the 
various stmctures developed by airborne 
particles - pollen grains, etc. - in order to 
maximize the dispersal distance, which 
has a direct bearing on fitness. The long 
rangedness of low Reynolds number flows 


is beautifully brought out by showing its 
relevance to information transfer by flow 
disturbances in the environment. The 
creepy games of preys and predators are 
subject to this feature of the creeping 
flows. The book ends with a discussion 
of unsteady flows and effects of interfaces. 

Vogel intended this book to be treated, 
in part, as an argument that the un¬ 
avoidable imperatives of mechanics of 
fluids underlie the biological design. He 
succeeds eminently in his presentation. 

Here the interview of G. I. Taylor by 
G. K. Batchelor comes to my mind 
(7. Fluid MecK 1975, 70, 625). In 
response to a query about the important 
areas in fluid mechanics, Taylor mentions 
the problem ‘Why does a tree grow up¬ 
ward?’. What role did Taylor see in this 
problem for fluid mechanics, and, if he 
were alive, what would he have done 
regarding this or other such issues? Great 
minds are difficult to comprehend but it 
is easy enough to see that he was wonder¬ 
ing about nature and was seeking the 
role of flow in nature. Taylor would 
certainly have given beautiful and simple 
resolutions of some of the issues raised 
in this book by Vogel. 

I recommend Vogel’s book to all inte¬ 
rested in fluid mechanics. Even conven¬ 
tional courses on fluid mechanics can be 
enriched and made interesting by choosing 
elements from it. 

K. S. Gandhi 

Department of Chemical Engineering, 
Indian Institute of Science, 

Bangalore 560012, India, 


Annual Review of Neurosciences 1995. 
W. Maxwell Cowan. Annual Reviews 
Inc., 4139 El Camino Way, Palo Alto, 
P.B. No. 10139, California 94303-0139, 
USA. Price: USA $ 47, elsewhere $ 52. 
607 pp. 


This issue of the Annual Review of 
Neurosciences covers a wide range of 
interests. The first article by Phillipe 
Soriano is on the use of embryonic stem 
cells for making transgenic mice. This 
powerful technique has been used to 
develop targeted mouse mutants for 
specific neuronal receptors. The article 
deals primarily with the technical advan¬ 


ces made in this field, which have been 
considerable. However, for those of us 
interested in learning more about the con¬ 
tribution of targeted mice mutants to the 
understanding of neurobiology, the article 
serves more as a catalogue. A perspective 
on fresh neuroscientific insights obtained 
as a consequence of this method would 
have been welcome. A number of articles 
review the recent advances made in the 
understanding of various human 
neurobiological diseases. Of these, the 
article by Suter and Snipes on peripheral 
neuropathies, has integrated nicely 
knowledge from basic molecular research 
on the components of the myelin sheath, 
with information from genetic and clinical 
studies. The article by Warren and Ashley 
Jr on the fragile X syndrome sheds im¬ 
portant light on the role of triplet repeats 
in causing genetic mutations. On reading 
this review it appears likely that the triplet 
repeat expansion mechanism may serve 
as a cause of many, as yet poorly un¬ 
derstood, neurological disorders. A sug¬ 
gested role for genomic imprinting during 
this process makes this mechanism all 
the more intriguing. The review article 
on neurobiology of infantile autism 
(Ciaranello and Ciaranello) highlights the 
lack of understanding regarding the 
cause(s) of this human disease. It appears 
to have a genetic basis and may in some 
cases be associated with other neurologi¬ 
cal disorders. 

A number of articles in this review 
have tried to put together recent experi¬ 
ments in understanding the development 
of the vertebrate central nervous system 
(CNS). Hatten and Heinz discuss the 
general principles that have emerged from 
studies of the development of the cerebel¬ 
lar cortex. This particular brain tissue 
serves as a good model system since it 
is relatively less complex and its structure 
is well-understood. Analysis of its 
development has been further aided by 
the presence of mutants in which parts 
of the cerebellar cortex do not develop 
properly. Colamarino and Tessier-Lavigne 
have reviewed the vast array of informa¬ 
tion implicating molecules in the floor 
plate as cues for axon guidance in the 
developing CNS. Many of these molecules 
still remain to be identified while others 
such as Netrin-1 and aminin are being 
studied extensively. Another interesting 
molecule is agrin, which has been shown 
to play an important role in the formation 
of the neuromuscular synapse. Bowe and 
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Fallon in a concise review have put 
together much of the new data about 
agrin and the proposed mechanism by 
which it causes clustering of acetylcholine 
receptors at the postsynaptic junction. 
Current evidence also points strongly to 
a role for this molecule in synapse for¬ 
mation in the CNS. 

The article by Ranganathan, Malicki 
and Zuker has made a strong case for 
studying sensory transduction processes 
in Drosophila. The combined genetic and 
molecular approach, possible in this orga¬ 
nism, has helped identify genes required 
at almost every step of the visual transduc¬ 
tion pathway. As stated by the authors, 
while there is a great deal of similarity 
in the overall strategy of visual transduc¬ 
tion between vertebrates and invertebrates, 
much of the underlying molecular 
machinery is different. Another field in 
which Drosophila molecular genetics has 
had an important contribution is that of 
circadian rhythms. In his review on the 
molecular neurobiology of circadian 
rhythms in mammals, Takahashi tells us 
how attempts are being made to under¬ 
stand the molecular basis of this behaviour 
using both physiological and genetic 
experiments. The review argues for a 
molecular genetic approach in mouse 
similar to that taken by Konopka and 
Benzer twenty years ago in Drosophila. 

This issue also provides a good intro¬ 
duction to some new and exciting areas 
in neuroscience. The field of integrative 
processing is one such topic reviewed by 
Knudsen and Brainard. It looks at the 
two better understood stimuli - vision and 
audition - and their integration in the 
brain. Principles that emerge from the 
study of these two stimuli may be useful 
in studying other integrative processes. 
Another interesting new area where re¬ 
search is still fairly preliminary is that 
of plasticity in the adult sensory cortex. 
This has been reviewed by Weinberger. 
It is still too early to say what the level 
of plasticity is in the adult sensory cortex 
and the suggestion from this review is 
that both plastic and nonplastic popula¬ 
tions of cells may exist. Their relative 
roles in adult cortical functioning await 
further research. 

Gaiti Hasan 

National Centre for Biological Sciences, 
TIFR Centre, IISC Campus, 

P.O. Box 1234, Bangalore 560012, India. 


Textbook of Molecular Biology. 
K. Sivarama Sastry, G. Padmanaban and 
C. Subramanyam. Macmillan India Ltd., 
2/10 Ansari Road, New Delhi 110 012. 
pp. i-xiii + 498- Price: Rs. 168. 


Molecular biology is all pervasive in life 
sciences today. Although it started as a 
rather narrow field, the commonality of 
biological information and its application 
in living systems caused this discipline 
to break all barriers of specialized fields 
in biology so that now there is no area 
in biology which has not been influenced 
by molecular biology and which has not 
influenced molecular biology. Therefore, 
a study of molecular biology is imperative 
for any student of biology. Since 
molecular biology spans a very wide can¬ 
vas, a book on this topic needs to cover 
a much wider area than most other sub¬ 
jects in biology. In this context, the book 
by Sastry, Padmanaban and Subramanyam 
is a welcome addition to the many books 
available in this general area. However, 
compared to most of the other books 
published in India in this area, the present 
book is more comprehensive and better 
organized. The authors have done a 
remarkable job in putting so many dif¬ 
ferent areas together in a relatively simple 
narrative style which makes it easy read¬ 
ing for young students, to whom it is 
primarily addressed. Relevant topics from 
biochemistry, genetics, cell biology, cyto¬ 
logy, immunology, cancer biology, 
genetic engineering, etc., have been amal¬ 
gamated to produce this book. With so 
many different topics to be covered, the 
order of their appearance in the book can 
be a matter of individual choice, but as 
the authors point out in their preface to 
the book, each chapter can also be read 
as stand-alone since extensive cross- 
references to different topics help the 
reader navigate through related topics. 
Inclusion of references to more extensive 
books as also to articles on specific topics 
is very helpful. 

With a constraint on the overall volume 
of the book (presumably to keep the price 
within reasonable limits), the book 
provides, in most cases, only the basal 
information on any given topic without 
going in for a detailed exposition. This 
limits the utility of the book for students 
at different levels of studies and for those 
interested in certain topics in more detail. 
Nevertheless, the book can be used by 


most students and teachers either as a 
primer for details in other more extensive 
treatises available or as a summary after 
having read a given topic in more detail 
elsewhere. In either case, the book will 
be useful for the student community. 

This book is fairly strong in the 
biochemical aspects of molecular biology, 
as may be expected. However, factual 
and/or conceptual errors exist in the book, 
particularly in topics that relate to 
genetics, cell biology and developmental 
genetics, etc. (these are the ones that I 
read more carefully due to my own bias). 
Rather than making an exhaustive listing 
of these, a few examples may be noted. 
The 2N of Drosophila melqnogaster is 
given as 4 instead of 8 (p. 90). The 
chapter on genome organization includes 
a brief discussion on X-inactivation in 
mammals (p. Ill); unfortunately, how¬ 
ever, this discussion does not make it 
clear that X-inactivation occurs only in 
somatic cells of female mammals (also 
the term ‘lyonization’ is after ‘Mary Lyon’ 
rather than ‘Mary Lyons’). 

While discussing recombination during 
meiosis, the authors have also considered 
sister chromatid exchanges and imply that 
sister chromatid exchanges are central to 
recombination (p. 353, last para); the 
description gives an impression as if sister 
chromatid exchanges and chiasma points 
in meiosis are similar. While sister 
chromatid exchanges in mitosis and the 
homologous recombination during meiosis 
(which correlates with the cytologically 
visible chiasma, different from sister 
chromatid exchange) may share some of 
the enzymatic pathways, the two are dis¬ 
tinctly separate phenomena with very dif¬ 
ferent genetic consequences. In the 
absence of a more detailed discussion, 
the reader would remain misinformed on 
these issues. 

Consideration of the genetic control of 
development in Drosophila on pp. 420- 
424 is rather incomplete and confusing. 
The classification of segmentation genes 
into three categories (the gap, pair rule 
and segment polarity genes) was proposed 
by Nusslein-Volhard and Wieschaus in 
1980 rather than by Gehring, as the book 
seems to suggest (p. 421). The fushi- 
tarazu gene is not a part of the Ant-C 
complex: although it is physically in¬ 
cluded in the Ant-C complex DNA region, 
it acts independently as a pair rule gene 
rather than as a member of the Ant-C 
homeotic gene complex. Another common 
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misconception, that seems to have affected 
the description in this book as well, is 
about the term homeotic genes and 
homeo-box: all genes that carry the 
homeo-box sequence are not homeotic 
genes. I think the elucidation of specific 
details of the cascade of gene activity 
(beginning with the maternally acting 
genes and followed by the gap, pair rule, 
segment polarity and homeotic genes in 
that order) that defines the embryonic 
segmentation and fate determination in 
Drosophila and other higher animals has 
been one of the exciting hallmark achieve¬ 
ments of the combined use of molecular 
biology, genetics and developmental biol¬ 
ogy. This chapter does not convey the 


specific information now available on this 
cascade of embryonic gene activity. The 
presentation in the book gives impression 
of a disjointed piecemeal information on 
certain genes and thus fails to carry the 
excitement to readers. 

The chapter on genetic engineering is 
essentially confined to some of the basic 
recombinant DNA techniques (random- 
primed labelling deserved a place here). 
To justify the topic fully, it could have 
included examples where genetic engi¬ 
neering techniques have actually been 
employed as also the potential uses and 
hazards of these technologies. 

While the book is generally well illus¬ 
trated, the figures could be more attractive 


and self-sufficient: this would allow a 
better comprehension to the reader. This 
text book has made a good beginning. 
It is to be expected that its subsequent 
editions will take care of the shortcomings 
of the type noted above so that it evolves 
into a popular and authoritative textbook 
that is badly needed by our student com¬ 
munity. 

S. C. Lakhotta 


Cytogenetics Laboratory, 
Department of Zoology, 
Banaras Hindu University, 
Varanasi 221 005, India. 


Corrections 

Bose-Einstein condensation in a 
dilute atomic vapour 

N. Kumar 

[Curr, ScL, 1995, 69, 492-493] 

Read . the condensate size is “greater” than .. 
instead of . “less” than ...’ in column 2, line 2 from 
the bottom of the article. 


Evaluation of efficacy of bricks as 
geochemical monitor of atmospheric 
heavy metal pollution 

Rohit Shrivastav, Saiyay Kumar Mathur, Shobhit 
Shrivastav, M. M. Shrivastav, Sahab Das and Satya 
Prakash 

[Curr. ScL, 1995, 69, 272^275] 

The mean concentration of metals in Table 2 and 
Table 3 should read mg per 100 g instead of mgkg“'. 
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In this issue 


Opioid peptides: Two decades 
on 

Two decades have passed since 
Hughes, Kosterlitz and their 
colleagues reported the discovery 
of the enkephalins from porcine 
brain {Nature, 1975, 258, 577). 
These pentapeptides were the 
first endogeneous opioids to be 
discovered providing a new class 
of ligands to explore the physi¬ 
ology and pharmacology of an 
ever-increasing number of opiate 
receptors in the brain. Classi¬ 
cally, morphine - an opium alka¬ 
loid, was the best known of the 
opiate receptor ligands. In the 
early years of opioid peptide re¬ 
search, much attention was fo¬ 
cused on the possibility of de¬ 
veloping non-addictive analge¬ 
sics, a goal which proved un¬ 
reachable despite enormous sci¬ 
entific effort. The discovery of 
endogeneous opioids, however, 
proved to be extraordinarily in¬ 
fluential in directing attention 
towards neuropeptides, their role 
in pain perception and modula¬ 
tion of behaviour. Close connec¬ 
tions were established between 
the brain and the gut, a fact that 
is not generally appreciated. 
While initial discoveries were 
made in a variety of vertebrates, 
very soon opioid peptides were 
found to be widely distributed 
among invertebrates, providing 
comparative endocrinologists 
with a fertile area of research. In a 
comprehensive review (page 659), 
Nagabhushanam et al. survey the 
occurrence and biological role of 
peptide opioids in invertebrates. A 
vast body of literature implicates 
these molecules in a diverse range 
of biological phenomena, ranging 


from behaviour modulation and 
thermoregulation to reproduction. 
This spectacular range of mole¬ 
cules and functions could hardly 
have been anticipated when the 
first reports on enkephalins ap¬ 
peared twenty years ago. 

P. Balaram 

Of remote sensing, GIS, and 
the mountain goat 

Wildlife biology has been one 
of those subjects where even 
the simplest questions are mad¬ 
deningly difficult to answer (e.g. 
how many tigers are there in 
Nagarhole?), and the considered 
opinion of an expert practitioner 
is much more valuable than 
the results obtained from the 
most sophisticated mathematical 
models. Recent years, however, 
have seen a welcome trend of a 
close co-operation between the 
two; the availability of satellite 
imagery at increasingly finer 
scale and of powerful GIS 
(Geographical Information Sys¬ 
tem) hardware/software has im¬ 
proved the situation even more. 
The article on page 685 of this 
issue illustrates a particularly 
attractive contribution - of esti¬ 
mating the proportion of the area 
of the Rajaji National Park, 
where a population of Ne- 
morhaedus goral, an endangered 
species of the mountain goat, can 
thrive. 

Situated in the Dhaulkhand 
range in the Shivalik mountains 
of Uttar Pradesh, the Rajaji Na¬ 
tional Park covers an area of 
about 150 square kilometers. 
Contrary to the imagined picture 
of vast stretches of thick forest, 


the park is a rich and complex 
mosaic of dry deciduous forest 
patches, roads, human habitation, 
plantations, water bodies and the 
like. Not all of these are equally 
conducive for maintaining the 
population of mountain goats, 
however — they prefer areas with 
steep, grassy slopes and near 
water bodies, and tend to avoid 
locations close to human habita¬ 
tion, and those with thick shrubs. 

Starting with satellite imagery 
down to the resolution of 
36 m X 36 m, the authors were 
able to prepare detailed maps 
(2 cm = 1 km) describing the dif¬ 
ferent vegetation types in the 
national park. To this was added 
the information on the location 
of habitations, slopes, waterbod¬ 
ies, etc. GIS software was then 
used to assign a numerical value 
(of index of suitability to gorals, 
based on what the gorals like and 
dislike) to each point in the map. 
Further analysis then showed 
about 35% area to be highly suit¬ 
able to gorals, and 20% unsuit¬ 
able to them. Clearly, such 
quantitative estimates would be 
very valuable to foresters and 
administrators of national parks 
for efficient management of 
wildlife. 

A particularly heartening as¬ 
pect of this article is the close 
collaboration of the different 
institutions — Remote Sensing 
Institute, the Forest Department 
and WWF - and one can now 
look forward to more of such 
interdisciplinary contributions 
based on the study of various 
national parks and other endan¬ 
gered species. 

N. V. Joshi 
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Indo-I§rag;l Joint 
Programme of Cooperation 

Department of Science & Technology (DST) invites applications 
from Indian scientists for consideration for the exchange visits to 
Israel in the following categories: 

(a) Senior Scientists 

(b) Short-term exchange 


(c) Post-doctorate 


Air fare to the visiting Indian scientists will be provided by the 
Indian side and their local hospitality will be provided by the host 
country. 

The priority areas presently identified for the exchange visit are 
Advanced materials. Microelectronics, Biotechnology, Information 
technology and Electro-optics. Excellet applicants in other areas of 
material sciences and engineering will also be considered. 

The scientists interested in exchange programme may send their 
application duly forwarded by their institution along with a two- 
page pre-proposal (brief justification, specific area and duration) 
and a brief write up on the infrastructure available at the Institution 
of the application. 

The application may be submitted to the following address: 

Indo-Israel Joint Programme of Co-operation 

International Division 

Department of Science & Technology 

Technology Bhavan 

New Mehrauli Road 

New Delhi 110 016 

Last date for receipt of the application for the year 1995-96 is 30th 
November 1995. 


For a period of two weeks. 

For scholars with a Ph D degree 
on an invitation from Israeli 
scientists, for a period of 3-4 
months up to the age of 
40 years. 

For one academic year (10 
months) for scholars with a Ph D 
degree awarded not more than 
two years prior to the application. 
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Ph D students, research supervisors and university research: 
Some observations 


V. Sitaramam in his opinion ‘Dynamics of 
the psychology of Ph D students and the 
question of what to do with them’ {Curr. 
ScL, 1995, 68, 779-783) has considered 
only a part of the university research sce¬ 
nario. It is essential to look at the system 
as a whole. The foregoing account is based 
more on observations than useful statistics 
(which anyway is difficult to come by). 

It is true that most of the research in 
the country (good, bad and not so beauti¬ 
ful) is carried out by research students. 
But they do it under the ‘guidance’ of 
their guides (research supervisors). Hence 
it is necessary to have a look at both 
these groups, PhD students and the re¬ 
search supervisors, and the role their 
interaction plays in university research. 

Students opting for Ph D can be 
grouped into two broad categories: (i) 
Those who have passed the UGC/UGC- 
CSIR NET (with a minimum assured 
standard) and (ii) Those who have not 
passed the same (nothing can be said 
about this category which may even 
consist of some persons having no aca¬ 
demic merit, whatsoever). 

The first category consists of two 
types of students: (i) those opting for 
Ph D because of their interest in the 
subject and interest in research, and (ii) 
those opting for a Ph D because of un¬ 
employment. The latter group is inter¬ 
ested only in the money (the stipend), 
and considers Ph D programmes as em¬ 
ployment. Students belonging to all 
categories get accepted for Ph D in our 
universities. This is because there are 
more unwritten laws belonging to the 
same categoiy as Parkinson’s fifth (?) 
law, which govern our university system. 


One of these laws states '‘Students 
opting for Ph D programmes can be 
graded on a scale of 0-10 on the basis of 
their intelligence/ignorance and compe¬ 
tence/incompetence, and for every stu¬ 
dent there is a guide of the required level 
of competence/incompetence This great 
miracle is possible because of another 
law which states 'When the authorities 
are interested, there is no dearth of sub¬ 
ject experts of required degree of com¬ 
pliance who are ready to doctor the pre¬ 
mature birth of anyone as a university 
teacher' (a modified version of this is 
applicable in promotions). The Parkinson’s 
fifth (?) law quoted by Sitaramam obvi¬ 
ously is an extension of these two laws. 

The trend of those scoring very high 
marks in 10th and 12th level opting for 
professional courses has been 'in' for a 
long time. Hence the present generation 
of university teachers (research supervi¬ 
sors) is also drawn from the layers lying 
below the 'top-most' layer. 

The research supervisors (especially 
in the university set-up) can be grouped 
into three categories on the basis of 
their selection. 

1. Selection (purely) on the basis of 
merit. This group consists of the best 
students returning from universities 
abroad, national institutions, from IITs, 
from the same university or other Indian 
universities. They have excellent aca¬ 
demic records and have worked on good 
topics, with good guides, in good insti¬ 
tutions. They have a good exposure, and 
have a deep interest in research (in 
specific areas). They co-operate well 
with the students, work hard, and pub¬ 
lish frequently in good journals. 


2. Selection due to inbreeding. In 
case of this group there is some com¬ 
promise on the quality. They are better 
students from the same university, 
mostly students of those in authority. 
They also have a reasonably good expo¬ 
sure, are in general interested in re¬ 
search and helpful to the students. 

3. Selection due to favouritism. In case 
of this group there is a heavy compromise 
on the quality. They have average or below 
average academic records. Mostly close 
relatives of those in authority, politicians 
or their friends, they have somehow man¬ 
aged a Ph D, have little exposure, are not 
much interested in research but do research 
because of compulsion (others are doing it, 
some research is necessary to justify the 
presence in the university environment and 
for promotions). 

The fate of the Ph D student depends 
much on the guide he/she selects. 

Fresh M Scs have enthusiasm. They 
want to do research but most of them do 
not know what exactly to do. They are 
in a state of infatuation with science. It 
is up to the guide to transform this in¬ 
fatuation into a true love for science 
and his/her initial interaction with sci¬ 
ence as a meaningful and long-lasting 
love affair. In other words, to under¬ 
stand that Ph D is a training programme 
and to guide and mould the student into 
a first rate researcher. Most of the re¬ 
search topics are suggested/selected by 
research guides. Fresh M Scs cannot be 
expected to come up with a suitable Ph D 
problem. No research is an end in itself. 
Most of them raise as many questions (if 
not more!) than they answer. Because of 
this, a guide having deep interest and 
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working constantly in any field will have 
enough problems for fresh students. 

Now the question arises: ‘What can 
be done to improve the situation?’ 
Three things can be done: 

1. The selection of the university 
teachers can be made more rigorous, if 
possible at the national level, than rely¬ 
ing on local selection committees. 

2. The UGC/UGC-CSIR NET can be 
modified with more emphasis on re¬ 
search aptitude, and 

3. Universities can introduce entrance 
test for those who have not passed 
UGC/UGC-CSIR NET/GRE/GATE etc. 
for registering for a Ph D. 

About the dynamics of the psychology 
of research students, I am aware of one. 
All students start their Ph D programme 
with an intention (hope!) of completing it 
in 3-4 years. Some of them who have 


teamed up with not too enterprising guides 
take very long (7-8 years). It takes 2-3 
years for the student to realize that the 
guide is not very helpful. The student con¬ 
tinues because he/she feels that in another 
1-2 years the work can be completed. And 
it is better to spend a little more time than 
losing the efforts already put in for 2-3 
years. After another year if the situation 
still remains the same, the student contin¬ 
ues. As time passes, the time required to 
complete Ph D becomes increasingly a 
lower fraction of the time already spent. 
There are societal compulsions also (of 
relatives and fnends scorning ‘he/she is 
not intelligent enough to get a Ph D’). The 
end of this prolonged (perennial) suffering 
is when both the student and the guide get 
totally fed-up, and the guide decides to 
resort to the Parkinson’s fifth (?) law. This 
leaves an incompetent guide with one 


more feather in his/her cap (of having pro¬ 
duced one more Ph D) and a student who 
has lost all interest in research (possibly 
some interest in life also), overaged with a 
PhD degree which at present does not 
have a ready market. 

Finally, I would like to disagree with 
Sitaramam in his suggestion that we 
should plan our programmes on the 
basis of the average performers. In my 
opinion we must strive for excellence 
and excellence alone. Planning on the 
basis of average performer results in 
compromise. Compromises make more 
compromises necessary. And all these 
compromises spoil the system. 

S. John 

Shibu Nivas, Sagar Park, 

S. No. 46/9, Nagar Road, 

Pune 411 014, India 
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Recent finds of ancient gold mining sites in south 
Uttar Pradesh 


A prominent ancient gold mining site 
was recently discovered by the authors^ 
in the Precambrian Shield region of 
Uttar Pradesh. It is located about 2.5 km 
west of Gurmura village in Sonbhadra 
district (Figure 1). The clusters of old 
workings are spread over an area about 
one km in strike length and over 600 m 
wide. It can be divided into northern, 
central and southern parts. The northern 
part shows seven elliptical to rectangu¬ 
lar trenches measuring up to 
30mxl0mxl0m in size with an 
incline aimed to exploit easterly plung¬ 
ing ore body. The main hillock, locally 
referred to as Sona Pahari, forms the 
central part of the area of old workings. 
It has large trenches, the largest being 
about 60 mx lOmx 10m located on 
top of the Sona Pahari. The southern 
part extends over a length of about 
500 m. This has two main trenches. The 
larger measures about 30 m x 5 m in 
plan. Both the trenches have inclines. 
Mishra^ had speculated about the pos¬ 
sibility of gold mining at Sona Pahari 
(golden hillock) on phonetic connota¬ 


tion and also on the basis of its location 
in the provenance of Ashokan rock 
edicts, which are strikingly common in 
gold-bearing regions of India. 

Regionally, the early to middle Pro¬ 
terozoic rocks of southern UP, corre¬ 
lated with the Bijawar^ Group, rest over 
a granitic basement, viz. the Dudhi 
Granitoid exposed to the south, and are 
overlain by late Proterozoic Vindhyan 
sediments exposed to the north (Figure 
1). The area exposes a dominantly ar- 
gillitic sequence with minor graywacke- 
arenite intercalations referred to as the 
Parsoi Formation"* of Bijawar Group. 
The argillites show E-W to ENE- 
WSW-trending foliation with high dips 
generally towards south. The succession 
of metamorphosed chemogenic sedi¬ 
ments comprises banded hematite 
quartzite/jasper, banded magnetite 
quartzite; argillite sequence consisting 
of phyllite-graywacke-arenite units and 
the associated volcanics consisting of a 
suite of basic to ultra-basic phases, ag¬ 
glomerates and tuffs. The Group com¬ 
pares well with the Precambrian Green¬ 


stone Belts^. The argillite sequence is 
intruded by a number of quartz veins 
with sympathetic trend emplaced 
probably synchronous to the emplace¬ 
ment of a granitic pulse, viz. the Jhir- 
gadandi granite, in the adjacent area. 
The mineralized quartz veins are oxi¬ 
dized on the surface and exhibit pyrite, 
arsenopyrite and galena. Narrow zones 
of wall rock alteration, indicating car- 
bonatization and kaolinization, signify 
hydrothermal action. The mineralization 
appears to be controlled by E-W to 
ENE-WSW-trending folds and the an¬ 
cient miners seem to have excavated the 
richest portion of ore emplaced along 
the axial-plane shears of the doubly 
plunging folds with plunge around 35°. 

The analytical results for the major 
trace elemental contents of 50 surface 
grab samples collected from the area 
indicate the presence of gold and silver 
along with other associated metallic 
elements. Forty-three per cent of sam¬ 
ples analysed by Atomic Absorption 
unit at chemical laboratories, Geological 
Survey of India at Lucknow, Hyderabad 
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Table 1. 



Anomaly 

Au range 

As range 

Arithmatic mean for Au 

Lithology 

(%) 

(in ppm) 

(in ppm) 

(in ppm) 

Quartz vein 

95 

0.10-2.80 

200-3000 

0.83 

Phyllite 

5 

0.16 

n.d. 

0.16 



Figure 1. Geological map and location of 
ancient mining sites around Gurmura, 
Sonbhadra District, UP. Index: 3 - Vindhyan 
Super Group; 2b - Agori Formation; 2a - 
Parsoi Formation; 1 - Dudhi Granitoid; 0 - 
Location of old workings. 


and Calcutta, indicated anomalous gold 
analysing from 0.10-2.80 ppm Au with 


5-55 ppm Ag, 35-535 ppb Hg, up to 
0.34% Cu and 0.12% Zn, 200- 
3000 ppm As, average 1.9% Pb and up 
to 20 ppm Cd (analysed in one sample). 
About 95% of anomalous values are 
from quartz vein samples and 5% are 
from argillite lithology. The anomaly 
distribution is shown in Table 1. 

Preliminary limited analytical data 
indicate the j^resence of Au, Ag, Cd, Pb, 
Cu and Zn. The favourable geological 
set-up for mineralization and the associ¬ 
ated extensive old workings make it a new 
prospect. Detailed geochemical sampling, 
presently in progress, is likely to reveal the 
exact nature of mineralization. 

A noteworthy find includes the presence 
of a large number of crude stone crushers 
and mortars scattered throughout the area. 
The storie mortars have elliptical depres¬ 
sions' measuring 20 cm x 15 cm in plan 
and are mainly of hard arenitic or doleritic 
rocks. The find suggests that grinding was 
an important stage in winning or concen¬ 
trating the ore. The gold was extracted in a 
phased manner. Evidences of ancient gold 
mining and extraction in similar manner 
along with similar stone crushers and 
mortars have also been recorded from the 
contiguous western area around Sudda^, 
Sonkorwa, Matehni and Gurhar Pahar^, 
etc., situated in the Sonbhadra District, 
UP, and Sidhi district, MP. The absence of 
slag material, retorts, etc., associated with 
smelting of base metals, indicates that the 
base metals have not been extracted and all 
the mining activity was for gold only. 


As regards the age of the ancient mining 
activity, the preponderance of stone crush¬ 
ers and mortars with occasional finds 
of iron chieselSi etc., point to ancient 
historical period. The age of gold mining is 
pre-Mauryan and might be pre 2400 BC. 
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Parasitism of muscardine fungi on Meloidogyne incognita eggs 


Root-knot nematode, Meloidogyne in¬ 
cognita (Kofoid and White) Chitwood, 
is a serious pest in vegetable and pulse 
crops in India\ Several biocontrol 
agents have been reported on root-knot 
nematodes the world over. Some of the 
bioagents are found very useful in man¬ 
aging the nematode problem in agricul¬ 
tural crops^. Hence, in this context, two 
important entomopathogenic muscar¬ 


dine fungi, Metarhizium anisopliae 
(Metch.) Sorokin and Beauveria 
brongniartii (Sacc.) Petch, commonly 
used for the management of root grubs, 
cutworms and termites, were tested for 
their pathogenicity against eggs of M. 
incognita in the laboratory. 

The fungi were tested against fresh 
eggs obtained^ from egg masses col-, 
lected from infested roots of tomato 


following petri dish bioassay tech¬ 
nique"^. Spores of respective fungi were 
sprayed on 2% water agar plates at the 
rate of 10^ conidia/plate; each plate was 
previously charged with 25 eggs of the 
nematodes. In control plates, only ster¬ 
ile distilled water was sprayed. Treat¬ 
ments were replicated four times using 
completely randomized design. Plates 
were incubated at 27 ± 1°C and fungal 
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Figure 1 a~c. Parasitism of M incognita eggs by entomopathogenic muscardine fungi 
(bar = 25 p.m). a. Healthy egg of M. incognita, b. Egg parasitized by Beauveria brongniartiv, 
c. Egg parasitized by Metarhizium anisopliae. 


proliferation and colonization of nema¬ 
todes eggs were recorded at 48 h inter¬ 
vals for two weeks. Hatching of larvae 
from eggs was also recorded from 
treated as well as control plates. Fun¬ 
gus-induced mortality in the eggs was 
confirmed under research microscope. 


Results of plate assay clearly showed 
that both muscardine fungi have parasi¬ 
tized M. incognita eggs (Figure 1). M 
anisopliae caused mortality in eggs 
ranging from 28.0 to 32.0%, with an 
average of 29.3 ± 2.3%, while B. 
brongniartii caused 28.0 to 48.0% 


mortality in eggs, with an average of 
38.7 ±2.0%. The average egg hatching 
in M anisopliae and B. brongniartii 
treated sets was 56.0 ± 4.0 and 
42.6 ± 4.6%, respectively. A negative 
impact on egg hatching was observed 
due to fungus parasitism in treated sets 
compared to untreated control sets, 
where average 88.0 ± 4.0% normal 
hatching was recorded. This is the first 
report of M. anisopliae and B. brong¬ 
niartii pathogenicity against root-knot 
nematode eggs in India. However, very 
recently, the pathogenicity of Beauveria 
bassiana has been reported against M. 
incognita from India^. 

Therefore, this study indicates that 
muscardine fungi, which are beneficial 
for management of soil insect pests, can 
also simultaneously be used for man¬ 
agement of root-knot nematodes attack¬ 
ing agricultural crops. A complex of 
pest attack is very common in sandy 
loam type of soils, e.g. attack of white 
grub and M javanica on groundnut and 
cutworms and Meloidogyne spp. on 
potato and tobacco in Gujarat. Further 
studies with these fungi on complex of 
nematode and insect under field condi¬ 
tions are warranted. 
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Intellectual property rights and biological resources: Specifying 
geographical origins and prior knowledge of uses 

Madhav Gadgil and Preston Devasia 


Intellectual property rights 

Humans put to use a tremendously wide 
variety of other living organisms. Given 
the modem understanding and capabilities 
of manipulation of genetic material, this 
range now potentially encompasses all of 
living organisms. This has prompted an 
interest in claiming intellectual property 
rights (IPRs) over knowledge pertaining 
to uses of living organisms—not only 
novel organisms created through genetic 
manipulation, but even those merely iso¬ 
lated from nature. IPRs are also claimed 
over a variety of products of living or¬ 
ganisms modified through human agency 
to varying degrees \ 

Living organisms have of course been 
genetically modified for millennia by 
farmers selecting seeds. A variety of 
biological products have also been used 
in applications ranging over cosmetics 
and pesticides to drugs. While such usage 
and knowledge may have been kept 
limited amongst certain clans or com¬ 
munities in the past, formal claims of 
IPRs are a recent development. In 1873 
Louis Pasteur was awarded a patent on 
a yeast culture. Subsequently, many 
patents have been awarded on ‘non- 
naturally occurring compositions of 
matter’ based on living organisms 
designed for a variety of uses such as 
drugs and pesticides. Seeds began to 
receive patent-like protection in 1930s in 
the US and a genetically modified or¬ 
ganism, a synthetic, plasmid injected 
Pseudomonas capable of degrading crude 
oil was awarded a US patent in 1980. 
In agreeing to the award of this patent, 
the US Supreme Court remarked that the 
US congress intended the statutory subject 
matter of the Patent Act to ‘include any¬ 
thing under the sun that is made by man’. 
By now IPRs in the US extend to plas¬ 
mids, vectors, cell lines, microorganisms 
isolated from nature, strains of cultivated 
plants and man-made animal forms such 
as polyploid oysters and transgenic mice^. 
Other countries are beginning to follow 
suit, and a greater and greater range of 
materials derived from living organisms, 


processes involving living organisms as 
well as self-reproducing living entities 
are now subject to IPRs. 

The General Agreement on Trade and 
Tariff (GATT) aiming to reduce distor¬ 
tions and impediments to international 
trade includes an agreement on Trade- 
Related aspects of Intellectual Property 
Rights (TRIPS). TRIPS addresses itself 
to the issue of IPRs over living organisms 
and products and processes derived from 
them. It stipulates that members must 
accept patenting of microorganisms and 
microbiological processes, as well as 
protection of plant varieties either by 
patents or by an effective sui generis 
system or by any combination thereof. 
TRIPS presently permits members to ex¬ 
clude from protection plants (other than 
plant varieties) and animals and essentially 
biological processes for the production 
of plants and animals^. It is however 
likely that protection would be extended 
to these areas as well when GATT next 
comes up for review in 1999. 

Convention on biological 
diversity 

Concern for access. to living resources, 
and their conservation has grown hand 
in hand with the rapidly expanding scope 
for use of living organisms towards human 
ends. These concerns led to the Conven¬ 
tion on Biological Diversity (CBD) that 
came into force in December 1993, and 
has a current membership exceeding 125 
countries. CBD aims to promote conser¬ 
vation of biological diversity, sustainable 
use of its components ^and equitable shar¬ 
ing of the resultant benefits. Till CBD 
living organisms were considered a com¬ 
mon heritage of the humankind, this con¬ 
vention accepts them as a sovereign 
property of the nation states'^. But living 
organisms are widely distributed over the 
world especially so since 1500 AD with 
rapid development of transoceanic 
transport. CBD therefore specifically 
recognizes ‘countries of origin’ of living 
resources and agrees to certain special 


treatment to such countries of origin, in 
particular those that belong to the 
categories of developing countries and 
small island states. All member countries 
of CBD agree to facilitate access to 
biological resources of which they are 
sovereign owners. In return the Conven¬ 
tion promises developing countries of 
origin of such resources preference in 
location of research and development 
activities, favourable terms for transfer of 
technology and assistance towards 
development of technological capabilities. 
It promises such treatment not only on 
behalf of national governments, but 
private enterprises as well. It of course 
stipulates that this shall be on mutually 
agreed terms and in consonance with the 
IPR agreements (Articles 16 and 18, Con¬ 
vention on Biological Diversity"^). 

CBD not only recognizes special claims 
of developing countries of origin of living 
resources, but recognizes the role of indi¬ 
genous communities also, in particular 
their womenfolk in conservation and sus¬ 
tainable utilization. It calls for a recog¬ 
nition of their conservation practices and 
their knowledge of manifold uses of living 
resources and stresses the need for equi¬ 
table sharing of benefits of utilization of 
these resources with the indigenous com- 
rfiunities (Article 8j., Convention on 
Biological Diversity"^). 


Two approaches 

GATT (including TRIPS) and CBD thus 
represent two significant and separate 
approaches to the utilization of living 
resources of the earth to human ends. 
GATT aims to promote global economic 
growth by removing impediments to inter¬ 
national trade. TRIPS aims to promote 
such economic growth through fostering 
technological innovation by guaranteeing 
on a uniform, international basis some 
degree of exclusivity to inventors on their 
inventions in order to be assured of a 
reasonable profit and to justify risks, of 
development. CBD would also contribute 
to such global economic growth by 
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facilitating access to living resources. But 
CBD equally focuses on conservation and 
sustainable use, coupled to equitable shar¬ 
ing of benefits of such use. In its attempts 
to promote conservation, Article 22 of 
CBD stipulates that the obligations of the 
contracting parties under the convention 
are to take precedence over their obliga¬ 
tions arising from other international 
agreements where the latter obligations 
would cause serious damage or a threat 
to biological diversity. In its attempts to 
create a stake for developing countries 
in conservation of biodiversity CBD stres¬ 
ses the need to share with them benefits 
of use of living resources, including the 
need to share development of and transfer 
of technology. These provisions have been 
criticized, in particular by US repre¬ 
sentatives as a serious interference with 
the intellectual property principles em¬ 
bodied in TRIPS and GATT. It was 
primarily on these grounds that' the US 
has remained outside CBD, although 
almost all other major industrial and 
developing countries have joined it^. 

Development and conservation 

In the emerging world order it is now 
necessary to flesh out the provisions of 
CBD to clarify their relationship with 
IPR-related regulations and to promote 
CBD’s vital objective of long term con¬ 
servation of biological diversity. The CBD 
provisions in this context attempt to create 
a stake in conservation of biodiversity 
for biodiversity-rich developing countries 
and indigenous communities of such 
countries living close to the natural world. , 
CBD acknowledges that development to 
alleviate poverty is necessarily a high 
priority for these countries and com¬ 
munities. Biodiversity conservation would 
therefore involve serious opportunity costs 
for them, for which they must be com¬ 
pensated in order to motivate them to 
participate in conservation efforts. The 
precise mechanisms to achieve this must , 
now be worked out. 

Need for recognition 

Such an effort would require as a first 
step appropriate recognition of countries 
of origin of specific elements of biodiver¬ 
sity, and of pertinent knowledge and con¬ 
servation efforts of indigenous commu¬ 
nities. While the details of transfer of 


financial resources and technology that 
such an effort would entail are likely to 
be controversial, the desirability of 
according due recognition to the countries 
of origin and indigenous communities 
should be a universally acceptable 
proposition. 

As of today, there are no formal 
mechanisms to accord such recognition 
to countries of origin of genetic resources, 
or to the indigenous communities for their 
knowledge and practices of sustainable 
use. CBD visualizes all member countries 
organizing an effort at inventorying and 
monitoring biodiversity and developing 
appropriate information systems. This is 
however a massive undertaking and would 
take considerable time, more so because 
many diversity-rich developing countries 
have inadequate scientific and technical 
capabilities to undertake such an exercise. 
Such an exercise may also leave out of 
its ambit documentation of knowledge 
and practices of sustainable use of various 
elements of biodiversity by indigenous 
communities. It is therefore necessary to 
work out additional mechanisms of award¬ 
ing such recognition to countries of origin 
and to indigenous communities. 

Patent specifications 

We suggest that appropriate augmentation 
of the requirements for the specification 
accompanying applications for patents and 
other IPR protection would be one such 
very useful mechanism. The four univer¬ 
sally accepted requirements for the paten¬ 
tability of any invention include: novelty, 
nonobviousness, usefulness and adequate 
specification. Every patent application 
must disclose details of the invention 
with the help of a patent specification 
that describes an invention in sufficient 
detail to: (a) allow the patent office, and 
other interested parties to assess its claims 
of novelty, nonobviousness and useful¬ 
ness; and (b) allow a person skilled in 
the art to reproduce it. Such a specification 
or disclosure statement has to accompany, 
or shortly follow a patent application^’^. 
Patent legislation has historically 
developed in relation to mechanical and 
chemical innovations. The specification 
requirements for innovations involving the 
use of biological materials are therefore 
only now beginning to evolve, primarily 
through judicial interpretations. Such in¬ 
terpretations have resulted in the require¬ 
ment of deposition of the appropriate 


living material in an internationally recog¬ 
nized repository such as the Fermentation 
Research Institute of Japan or the 
European Collection of Animal Cell Cul¬ 
tures in the United Kingdom^. But there 
is no clearcut understanding today that 
the specification must include fuller 
details regarding the biological material 
such as the country of origin. Nor is 
there so far any formal acknowledgement 
of the need to accord recognition to 
community-based knowledge. However, 
many patent specifications do voluntarily 
provide such information. Thus European 
Patent 0010061 A1 800416 concerning 
novel pharmaceutical preparations con¬ 
taining an extract of the mollusc Penia 
canaliculus states it to be found on the 
shores of New Zealand^. In the case of 
American Patent 05298251 (1992) regard¬ 
ing fungicides derived from neem oil 
there is a mention of prior knowledge of 
communities regarding its uses^ 
Evidently, a further, quite marginal in¬ 
crease in the formal requirements of the 
specification would admirably serve the 
purpose of according recognition to the 
countries of origin and indigenous com¬ 
munities involved in sustainable use of 
the concerned biological resources. The 
proposed requirement should not only 
cover inventions which result in living 
material, such as a microorganism isolated 
in a culture, seed of a variety of cultivated 
plant, or a transgenic animal. It should 
also cover other products dependent on 
biological sources, such as alkaloids 
derived from plants and used as 
therapeutic agents or pesticides. Further¬ 
more, the requirement should also extend 
to products that are essentially derived 
from biological sources, for instance, a 
synthetic molecule that differs a little 
from but has the same aroma as sandal 
(Santalum album) and was inspired by 
it. In all these cases, the specification 
should include a clear mention of the 
biological source material, the known 
country or countries of origin of that 
material, and all known information per¬ 
taining to knowledge and practices of 
sustainable use of that biological source 
material by indigenous communities in 
the country or countries of origin. In this 
context, it is essential to clarify the mean¬ 
ing of the term country or countries of 
origin. We suggest that the country/ 
countries of origin be defined as those 
countries in which the biological material 
is known to have occurred as components 


638 


CURRENT SCIENCE, VOL. 69, NO. 8, 25 OCTOBER 1995 


COMMENTARY 


of natural biological communities, or 
under cultivation/domestication prior to 
the modem age of global transport begin¬ 
ning 1500 AD. 

Geographical distribution 

Ascription of a country or countries of 
origin to any genetic resource is evidently 
related to the patterns of geographical 
distribution of living organisms. Certain 
groups of organisms are apparently ubiq¬ 
uitous in their distribution. This is likely 
to be the case with spore-forming microor¬ 
ganisms. Thus most species of the slime 
mould genus Dictyostelium range over all 
continents and from tropics to arctics^. 
However, such wide ranging species are 
likely to harbour considerable intraspecific 
genetic variation within their populations. 
It is therefore possible that specific genetic 
variants may be confined to one or few 
countries of origin. Other microorganisms 
commensalic with higher plants or animals 
may have more restricted distributions. 
Thus the ectomycorrhiza Tricholoma mar- 
sutaki is known only from the host Pinus 
densiflora in certain specific habitats in 
JapanA few higher organisms are 
ubiquitous, but most have distributions 
limited to one or few countries or had 
such distributions prior to the suggested 
cut off date of 1500 AD. Many species 
of even highly mobile organisms like 
birds are endemic to just one country. 
Thus of 969 species of Indian birds, 69 
are endemic, while of a total of 1519 
species of Indonesian birds as many as 
258 occur in no other country. Levels of 
endemism are higher in other, less mobile 
groups of organisms. Thus of 206 Indian 
species of amphibians as many as 110 
are endemic, and of 270 Indonesian 
species, fully 100 are endemic^^ 

Multiple lineages 

The question of country of origin would 
also be complicated in case of organisms 
produced through human intervention 
from multiple lineages. Thus the high- 
yielding rice variety IR 64 produced at 
the International Rice Research Institute 
in Philippines is based on genes from 20 
landraces coming from eight different 
countries namely China, India, Indonesia, 
Korea, Philippines, Thailand, USA and 
Vietnam^^. The situation is apt to become 
even more complex in days to come. 


Already there exist transgenic organisms 
like Nicotiana tahacum with an endo¬ 
toxin-producing gene from Bacillus 
thuringiensis^^. N. tabacum may be 
assigned to several tropical American 
countries as countries of origin, but B. 
thuringiensis has a worldwide distribution. 
How to deal with issues of geographical 
origin of such transgenics clearly calls 
for further thinking. 

Public scrutiny 

Specifications accompanying patent or 
other IPR applications are open to public 
to varying degrees and after varying inter¬ 
vals following the filing of an application. 
It is suggested that this part of the 
specification relating to the biological 
source, country/countries of origin and 
knowledge and practices of sustainable 
use by indigenous communities be open 
to full pubic scrutiny immediately after 
the filing of the IPR application. This 
would permit countries with possible 
claims as countries of origin, and as 
repositories of public knowledge and prac¬ 
tices of sustainable use to examine the 
patent applications and make any sub¬ 
missions that they may wish to make. It 
would also permit other parties, such as 
NGOs interested in furthering the interests 
of indigenous communities to make such 
submissions. 

Inclusion in CBD and TRIPS 

Inclusion of such specification in the 
patent application of course does not com¬ 
mit the inventor or others working the 
innovation to share the benefits arising 
therefrom in any way. That would 
obviously remain a matter of further 
negotiation. However, the specification 
would immediately help motivate poten¬ 
tial country/countries of origin to docu¬ 
ment their own biological resources and 
to participate in in situ conservation 
efforts. It would also promote efforts to 
document and help perpetrate knowledge 
and practices of sustainable use by indi¬ 
genous communities. Both these are 
important objectives of the CBD, with 
very broad-based acceptance at the inter¬ 
national level. We therefore suggest that 
such specification should be accepted not 
only as an elaboration of CBD by all 
countries party to it, but also be made 
a part of the TRIPS under the GATT. 
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Developments and trends in inductively coupled 
plasma mass spectrometry and its influence on the 
recent advances in trace element analysis 


K Balaram 


A brief introduction to the various instrumental methods such as atomic absorption spectrometry, 
X-ray fluorescence spectrometry, neutron activation analysis, inductively coupled plasma atomic 
emission spectrometry, thermal ionization mass spectrometry, etc, are presented highlighting 
their relative merits and demerits. The history and developments of inductively coupled plasma 
mass spectrometry (ICP-MS) and its advantages and limitations over other multi-element instru¬ 
mental techniques are reviewed. Extended capabilities by hyphenating ICP-MS to various other 
well-known sample introduction techniques such as flow-injection, electrothermal vapourization, 
chromatographic methods and laser ablation are discussed in brief The recent development of 
high resolution multi-collector double-focusing magnetic mass spectrometer with inductively 
coupled plasma at atmospheric pressure as source is also discussed. Some of the areas where 
more developments can be expected in future are suggested. 


Recent developments in basic material research, envi¬ 
ronmental studies, quality control protocols in most in¬ 
dustries, etc., have placed new demands on the field of 
metal analysis. Detection and accurate estimation of 
almost all the elements in the periodic table at ng/ml or 

|ig/ml range has become an important requirement in the 
fields of both basic and applied research^"^. For exam¬ 
ple, in the environmental analysis field, the number of 
regulated elements is becoming more and more and the 
required levels are moving down to lower levels. Regu¬ 
lations that are being established by many countries for 
the inorganic contaminants in water and food-related ma¬ 
terials, the increased awareness of the importance of trace 
elements in foods and the element speciation have created 
demands mainly for increased sample throughput and for 
lower levels of detection. Earth scientists working on geo¬ 
chemical problems need to determine relative and abso¬ 
lute abundance of the elements present even at trace and 
ultra-trace levels in a variety of rocks and minerals, with 
the object of discovering principles governing their distri¬ 
bution and migration^. Precise estimation of isotope ratios 
of certain elements such as Sm, Nd, Pb, U, etc., at very 
low concentrations is important for applications such as 
radiogenic dating of rocks, ore deposits and in very accu¬ 
rate estimation of certain elements by isotope dilution 
method. There is also a need to characterize a variety of 
materials for trace metal impurities in several industries. 
The semiconductor* industry, for example, requires de¬ 
termination of several trace elements in pure materials. 


V. Balaram is in the National Geophysical Research Institute, 
Hyderabad 500 007, India. 


As the density of the circuitry increases and the geometry 
shrinks, the need for pure and purer materials increases. 
The R&D laboratories at the chip manufacturers are 
working on the needs of one or two generations into the 
future because the pace of development accelerates so 
fast. Most of the other industries need their finished prod¬ 
ucts to be analysed for the presence of trace metal impu¬ 
rities. For example, analysis of trace elements in copper is 
of great significance in electronic industry, where proper¬ 
ties of copper may be severely affected by the metal con¬ 
taminants at levels even below part per million concen¬ 
trations (pg/g). The need for purer and purer reagents for 
the R&D laboratories, very often requires checking of the 
.common mineral acids and other laboratory reagents for 
the contamination by certain elements at ultra-trace lev¬ 
els (for example, Rb, Sr, Sm, Nd, Pb, U, etc., for geo- 
chronological studies). Finally, the role of trace elements 
in human health and disease^ is an area of immense inter¬ 
est for it is known that over a quarter of elements in the 
periodic table are essential to life. Thus, highly precise 
and accurate estimation of several elements at very low 
concentrations is required in a variety of fields such as 
geological, industrial, nuclear, environmental and biomedi¬ 
cal. Most often, the sample volumes are relatively small and 
analytical requirements relatively high requiring very highly 
sensitive instrumental techniques for their analysis. 

Methods for the analysis of elements 

From the turn of this century there has been an analyti¬ 
cal revolution with succession of a series of analytical 
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instruments with multielement capabilities. The domi¬ 
nant instrumental analytical techniques available cur¬ 
rently for qualitative identification and quantitative es¬ 
timation of most elements in the periodic table include 
atomic absorption spectrometry (both flame and graphic 
furnace AAS), X-ray fluorescence spectrometry (XRF), 
neutron activation analysis (both instrumental and ra- 
dioanalytical NAA), thermal ionization mass spectrome¬ 
try (TIMS), spark source mass spectrometry (SSMS) 
and inductively coupled plasma atomic emission spec¬ 
trometry (ICP-AES). Most of these are capable of carry¬ 
ing out rapid multielement analysis at pg/ml levels, ex¬ 
cept for AAS which can detect and determine one ele¬ 
ment at a time. Other disadvantages of AAS (both flame 
and flameless) include the limited concentration range 
(requiring multiple dilutions to get a signal of appropri¬ 
ate intensity on scale) and the sequential nature of most 
systems. The fact that only one or two elements can be 
determined at a time is the major reason which caused 
its decline in favour of ICP-AES, which was made 
available in the mid-1970s. Though ICP-AES provides 
multielement detection for most elements at sub pg/ml 
level, there are numerous limitations resulting from 
complex spectra and matrix interferences. XRF which 
started in the mid-1950s is a popular analytical tech¬ 
nique in both research and industry for the estimation of 
major and minor elements in several matrices such as 
rocks, alloys, etc. This technique suffers from draw¬ 
backs such as, interferences, very high detection limits 
for several trace elements in the above matrices, and 
also this technique cannot handle solutions. One of the 
main strands of analytical advancement was the devel¬ 
opment of neutron activation analysis (NAA). Although 
the principles of NAA had been understood since the 
publication of Hevesy and Levi’s^ work in 1936, the full 
potential of the technique was realized only during the 
1960s after the development of high resolution gamma- 
ray detectors*. It is a nondestructive technique and of¬ 
fers multielement capability, together with relatively 
good levels of sensitivity (pg/ml levels). The need for a 
nearby reactor often precludes the consideration of 
NAA. If such a facility exists, the technique can be 
valuable. However, a greater disadvantage of NAA is 
the production of radioactive waste apart from having 
matrix interference effects. However, the radiochemical 
separation (RNAA) overcomes many matrix interference 
problems and offers low detection limits (sub ng/ml 
levels). But it involves many long drawn separation pro¬ 
cedures which may carry the potential of delivering a 
•high dose of radiation to the analyst. Thermal ionization 
mass spectrometry (TIMS) is a well-established method 
for measuring both radiogenic and nonradiogenic iso¬ 
tope ratios. Isotope ratio measurement of elements such 
as neodymium and strontium is routinely accomplished 
to high levels of precision and accuracy. But certain 
elements cannot be analysed by this technique as the 
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efficiency of thermal ionization decreases with increase 
in their ionization potentials. Further disadvantages of 
thermal ionization include, the extensive sample prepa¬ 
ration and prolonged analysis times. TIMS is also appli¬ 
cable to elemental analysis. Very high precisions are 
attainable using the isotope dilution method, though this 
is limited to elements with more than one naturally oc¬ 
curring isotope. Though in recent years multicollector 
systems for parallel collection of several isotopes have 
been perfected, and offer enhanced efficiency and drift 
compensation, TIMS is not suited to the routine analysis 
of samples in large numbers. 

During the last 15 years, considerable attention has 
been paid to the development of yet another and more 
powerful analytical tool called inductively coupled 
plasma mass spectrometry (ICP-MS) by the combina¬ 
tion of plasma ion source with mass spectrometry tech¬ 
niques, which has revolutionized elemental analysis and 
has become widely accepted as a powerful tool for trace 
and ultratrace elemental and isotopic analysis. Thus, 
evolution of instrumentation continues with the latest 
method being ICP-MS. 

History and development of ICP-MS 

Gray^ was the first to demonstrate the potential of the 
plasma source mass spectrometry in 1975. He used a 
direct coupled plasma (DGP) and showed that strong 
signals could be obtained with low-background levels, 
so that detection of elements in pg/ml region was pos¬ 
sible in aqueous solutions. Although these results were 
encouraging initially, they also revealed the limitations 
of the DC plasma used. The gas temperature of about 
3500 K was too low to provide adequate sample vola¬ 
tilization, dissociation and ionization of the elements, 
especially those with ionization energies above 8 eV. 
Microwave-induced plasma (MIP) was also rejected oh 
the basis of its low-gas temperature and ICP was con¬ 
sidered the most suitable. These historic observations by 
Gray followed by the pioneering work^^*"^ by him at the 
University of Surrey along with Alan Date, at British 
Geological Survey, UK; R. S. Houk, from Iowa State 
University at Ames, USA and Don Douglas, at Sciex, 
Canada in the subsequent years have brought about the 
development of this powerful analytical instrument. The 
major innovation in the design of ICP-MS is the inter¬ 
face between the ICP and the quadrupole mass spec¬ 
trometer. Here, ions produced in the plasma at atmos¬ 
pheric pressure are transported into the quadrupole mass 
analyser held under ultra-high vacuum through a differ¬ 
entially pumped vacuum system which is not technically 
simple. The first commercial instruments were intro¬ 
duced in 1983 by two firms, namely V.G. Isotopes (now 
FI Elemental Analysis, UK) and Sciex Inc. (now Sciex- 
Perkin Elmer, USA). Perhaps a reflection of the success 
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Figure 1. A schematic of plasmaquad system. 


is that more than ten firms are manufacturing and mar¬ 
keting this particular instrument world-wide today. Ef¬ 
forts are also on at BARC^^, Bombay in India to produce 
this instrument indigenously. Though there are several 
hundreds of instruments installed in chemical laborato¬ 
ries all over the world, there are only two ICP-MS in¬ 
struments in India at present. One instrument (Elan 250, 
Sciex, Canada) is at the Indira Gandhi Centre for 
Atomic Research, Kalpakkam and the other (VG Plas¬ 
maquad, FI Elemental, UK) at the National Geophysical 
Research Institute, Hyderabad. Though these two in¬ 
struments were procured mainly for the analysis of nu¬ 
clear and geological samples respectively, they have 
also been continuously utilized by several other groups 
in the couqtry working on a range of disciplines such as 
geochemical, environmental, water, biological and 
metallurgical fields since the last eight years. 

Over the last decade, ICP-^MS has been well established 
as a powerful tool for simultaneous multielement analysis. 
The low detection limits, high sample throughput, small 
sample quantities required for analysis, element versatility 
(major, minor, trace and ultra-trace) and isotopic capabili¬ 
ties are some of the important features which have made 
ICP-MS an excellent spectroscopic technique for the 
analysis of a variety of materials. 

System outline and the principle 

Configuration^^ of the instrument consists of three basic 
units: i) a conventional argon ICP operating at tempera¬ 
tures of 6000-9000 K with a nebulizer, spray-chamber, 
work coil and associated power supplies, ii) a conven¬ 
tional quadrupole mass spectrometer and associated data 
collection electronics, which permit rapid scanning of the 
selected mass range between 0 and 300 amu (atomic mass 
units), and iii) an interface unit consisting of two water- 
cooled nickel cones, each containing a small orifice at the 
centre, which allow sampling of the plasma gases and 
transfer of the ion-beam into the mass spectrometer. 

The principle of ICP-MS can be understood with ref¬ 
erence to the schematic diagram given in Figure 1. 
Samples in the form of solution are introduced through 


the peristaltic pump at a rate of about 1 ml/min into the 
central region of the plasma at atmospheric pressure 
with the help of a nebulizer and a water-cooled spray- 
chamber system. The sample is heated to a temperature 
of approximately 9000 K in the plasma, resulting in a 
series of processes involving desolvation, vaporization, 
dissociation, atomization and ionization(Figure 2) in 
the ‘analytical zone’ of the ICP. At this temperature, 
chemical interference effects are insignificant, and es¬ 
sentially all atoms are ionized to a very large extent 
(majority of the elements in the periodic table are ex¬ 
pected to ionize to the extent of about 90% in ICP). The 
efficiency of ionization in the argon plasma as calcu¬ 
lated by the Saha equation^^ shows that the formation of 
singly charged ions is very efficient in argon plasma and 
over 54 elements are expected to be ionized with an 



Figure 2. The chain of events leading from sample to the formation of 
ions. 
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efficiency of 90% or more^^. A fraction of the positively 
charged ions produced in the plasma is transported 
through a narrow aperture of the sampler cone Here 
the plasma beam expands at supersonic speeds because 
of vacuum conditions (1 mbar) and is sampled by the 
skimmer cone. The ions and the plasma gas pass into a 
further high vacuum region (lx 10“^mbar) and pass 
through a system of electrostatic lenses which extract 
the positively charged ions and focus them in a form 
suitable for transmission through the quadrupole mass 
spectrometer which is kept in a very high vacuum region 
(2 X 10"^ mbar). The mass spectrometer transmits only 
ions of a particular mass to charge ratio, any neutral 
species accompanying the plasma gases would be taken 
away from the system by the vacuum pumps. This 
minimizes the ion-molecular collisions in the system. 
After mass isolation, the filtered ions pass into the de¬ 
tector system. An ion-detector system consisting of a 
channel electron multiplier is used in pulse-counting 
mode, to register the transmitted ions and generate a 
signal for every ion impinging upon its surface which 
will be amplified further. Since the number of registered 
ions from a given isotope, of course depends directly on 
the concentration of the relevant isotope (element) in the 
sample, quantification is straightforward. Design of the 
ion-optics makes the sampled ions to take a curved tra¬ 
jectory around a central photon stop eventually to be 
counted by an off-axis detector. This arrangement su- 
presses photon noise as the detector is also sensitive to 
photon radiation from ICP^^ and produces a low back¬ 
ground signal of only around 25 counts per second as 
against a count rate of about 1 lakh for a 50 ng/ml solu¬ 
tion of a monoisotopic element like rhodium. Detection 
limits, mainly influenced by the relative abundance of 
the isotope selected for analysis for most elements are 
currently iri the range 0.01 to 0.1 ng/ml (for example, 
the detection limits of rare earth elements in Table 4). 
These detection limits are obtainable under multiele¬ 
ment operating conditions. For many elements, even 
better detection limits can be obtained if operating 
conditions for the plasma, ion optics and mass analyser 
are optimized exclusively for one element or a few ele¬ 
ments of similar mass. 

Performance characteristics and applications 

The instruments constructed to date employ quardrupole 
mass analysers which yield essentially better than unit 
mass resolution over a mass range up to 300 amu. The 
analyser can scan very rapidly the entire useful mass 
range (0-240 amu) or a selected mass window of inter¬ 
est. A mass spectrum is normally obtained by many such 
repeat scans (say 100) which may take around 60 sec. 
This process of mass scanning is very rapid, and the 
instrument can obtain a spectrum for the entire mass 
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Figure 3. Mass spectrum of 50 ppb (ng/ml) multielement mixture. 

range of \i to in about 1 min. One such spectrum 
is shown in Figure 3 for a 50 ng/ml multielement solution, 
the position of the peak in the spectrum reveals the nature 
of the element (isotope) in the sample and the height of the 
peak its concentration. By comparing the mass peaks with 
those observed for a standard solution run under identical 
conditions, exact concentrations of different elements in 
any sample can be precisely calculated after making proper 
blank and interference corrections by an on-line computer. 
In place of mass scanning, peak jumping can also be used 
for data acquisition. Despite early claims that ICP-MS was 
relatively free from interferences^^, many workers no¬ 
ticed several kinds of interferences such as matrix ef¬ 
fects either exclusively or in conjunction with a particular 
application^^^’Evans and Giglio^ have presented a com¬ 
prehensive review of interferences in ICP-MS. Recently, 
Burton and Horlick^ developed a graphically oriented data 
base of spectral interferences in ICP-MS, such as isobarics, 
oxides, doubly charged species, background- and matrix- 
dependent species, etc. This program is called ‘MS Inter¬ 
view’ which runs on a Macintosh Computer and helps the 
user to broadly assess the interference problems in ICP- 
MS. The most important limitation of this technique is 
ndntolerance to high total dissolved solids in the sample 
solution. More than 0.4% of total dissolved solids cause 
clogging of the sampler and skimmer cones. For all practi¬ 
cal purposes running of 0.1% solutions is recommended for 
obtaining reasonable long-term stability^"^. Others include 
the potential interferences from the background and sample 
matrix, periodic drift in the signal, space-charge and mass 
discrimination effects, etc. A few of these problems are 
minimized by the use of internal standardization^, matrix¬ 
matching standards^^, addition of chemical modifier^^, iso¬ 
tope dilution^, etc. during analysis. 

The advantages of ICP-MS include: (i) very low de¬ 
tection limits which are considerably better than XRF 
and ICP-AES^^, (ii) much wider elemental coverage than 
by AAS or INAA, (iii) capability of doing multielement 
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Table 1. 

Trace element data on hornblende mineral reference sample, JH-1 (Geological Survey of Japan) obtained by ICP-MS (at NGRI) in 
comparison with the values obtained by other popular analytical techniques together with certified values 

Element 

Values 

(ng/g) 

Technique 

Certified 

values* Element 

Values 

(ng/g) 

Technique 

Certified 

values* Element 

Values 

(fig/g) 

Technique 

Certified 

values* 

Sc 

82 

XRF 

Y 

12 

ICP-AES 

_ Tb 

0.52 

INAA 



73 

ICP-AES 


13 

FE 


0.46 

ICP-MS 



74 

FE 


14 

XRF 






81.4 

INNA 


12.22 

ICP-MS 






71.27 

ICP-MS 








V 

225 

FE 

231 Zr 

42 

FE 

_ Dy 

2.6 

GRAY 



242 

XRF 


51 

XRF 


2.89 

ICP-MS 



272 

ICP-AES 


86 

ICP-AES 






229.93 

ICP-MS 


51 

ICP-MS 





Cr 

617 

ICP-AES 

630 Nb 

3.6 

FE 

Er 

1.2 

GRAY 



625 

GRAY 


4.6 

XRF 


1.2 

ICP-MS 



630 

INAA 


24 

ICP-AES 






669 

XRF 


3.36 

ICP-MS 






623.71 

ICP-MS 








Co 

51 

GRAY 

53 Cs 

1.14 

INAA 

0.5 Yb 

1.15 

FE 

‘ — 


51.6 

INAA 


0.82 

ICP-MS 


1.23 

INAA 



55 

XRF 





1.40 

ICP-MS 



52.11 

ICP-MS 








Ni 

55 

FE 

56 Ba 

106 

GRAY 

Lu 

0.20 

INAA 

— 


56 

XRF 


109 

XRF 


0.13 

ICP-MS 



93 

ICP-AES 


169 

ICP-AES 






56.91 

ICP-MS 


112.37 

ICP-MS 





Cu 

9 

GRAY 

9 La 

7.5 

ISE 

Hf 

1.46 

INAA 

— 


11 

XRF 


7.6 

INAA 


1.16 

ICP-MS 



18 

ICP-AES 


8.18 

ICP-MS 






9.66 

ICP-MS 








Zn 

67 

XRF 

62 . Ce 

17 

GRAY 

Ta 

0.24 

INAA 

— 


92 

INAA 


17.20 

INAA 

— 

0.22 

ICP-MS 



130 

ICP-AES 


19.23 

ICP-MS 






64.26 

ICP-MS 








Ga 

9 

XRF 

_ Nd 

11.4 

INAA 

Pb 

3 

XRF 

_ 


7.36 

ICP-MS 


12 

FE 

— 

2.56 

ICP-MS 






11.27 

ICP-MS 





Rb 

12 

ICP-AES 

12 Sm 

3 

INAA 

Th 

1.54 

INAA 



14 

FE 


3.42 

ICP-MS 


1.57 

ICP-MS 



15.4 

XRF 




— 





14.09 

ICP-MS 







— 

Sr 

152 

FE 

155 Eu 

0.85 

GRAY 

U 

0.6 

INAA 



154 

XRF 


0.90 

INAA 


0.46 

ICP-MS 



306 

ICP-AES 


0.94 

ICP-MS 

— 





156.05 

ICP-MS 









GRAY - Gravimetry; XRF = X-ray fluorescence spectrometry; ICP-AES = inductively coupled plasma atomic emission spectrometry; ICP- 
MS - Inductively coupled plasma mass spectrometry; FE= Flame emission spectrometry; INAA = Instrumental neutron activation analysis. 
*The values obtained by ICP-MS (at NGRI) are average of six values. Analytical data on ICP-AES, XRF, FE, INAA and GRAY are by N. 
Imai, Geological Survey of Japan (personal communication, 1994). 


analysis, unlike AAS with which we can estimate only 
one element at a time^^, (iv) considerably faster sample 
throughput at a rate of one sample in 3 min for the 
analysis of over 30 elements^® and (v) the unique capa¬ 
bility of providing a very rapid semiquantitative survey 
analysis for over 70 elements in an unknown sample^^ 
Fulford and Quan^^have studied the basic characteristics 
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of negative ions such as F , C~', Br~, F and S“ in ICP- 
MS in the negative ion mode and revealed that they do 
not originate directly from the plasma but rather from 
electron capture or reaction downstream of the free jet 
expansion. They also indicated the possibility of sensi¬ 
tive detection of halogens, especially fluoride, which makes 
this mode particularly attractive where halogens are of 
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Table 2. Concentrations of various trace elements 
(ng/ml) in NIST 1643c, a water reference sam¬ 
ple, obtained by ICP-MS (at NGRI) in comparison 
with certified values 


Element 

ICP-MS 

value*(ng/ml) 

Certified value^ 
(ng/ml) 

Be 

22.91 

23.2 

B 

118.75 

119.00 

V 

32.07 

31.4 

Cr 

20.29 

19.00 

Mn 

35.79 

35.1 

Fe 

105.34 

106.9 

Co 

23.98 

23.50 

Ni 

61.01 

60.60 

Cu 

22.00 

22.30 

Zn 

75.11 

73.90 

As 

81.48 

82.10 

Se 

12.49 

12.70 

Rb 

11.30 

11.40 

Sr 

266.26 

263.60 

Mo 

102.54 

104.30 

Ag 

2.13 

2.21 

Cd 

12.18 

12.2 

Ba 

50.02 

49.60 

T1 

8.02 

7.90 

Pb 

34.70 

35.30 

Bi 

12.40 

12.00 


♦Average of three estimations. 

^National Institute of Standard and Technology 
Certificate, Standard Reference Material 1643c, 
Trace Elements in Water, 1991. 

Table 3. Concentrations of gold and some platinum 
group elements determined by ICP-MS (at NGRI) in a 
platinum ore reference sample, SARM-7 (Council 
for Mineral Technology, South Africa) in comparison 
with certified values 


Element 

Value obtained by 
ICP-MS (Itg/g)* 

Certified values^ 
(|tg/g) 

Ru 

0.41 

0.43 

Pd 

1.55 

1.53 

Ir 

0.06 

0.074 

Pt 

3.67 

3.74 

Au 

0.32 

0.31 


♦Average of three determinations 

^Govindaraju, K., Geostand. Newslett., 1994, 18, 1- 

158. 


specific interest. Other advantages include isotopic analysis 
capability, relatively few interference effects, linear dy¬ 
namic range for about 5—6 orders of magnitude, etc. 

ICP—MS technique has been applied virtually to all types 
of samples, including geologicaP’^^ marine^, biological^^, 
nuclear^, freshwater^^, sea water^^, metallurgical , envi- 
ronmental^^ petroleum products'^, etc. There also have 
been a few instances of measuring trace elements by ICP- 
MS at pg/g levels in ultra-pure acids'^^ Although some 
samples like water could be aspirated directly, pretreatment 
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is required in most cases. The trace element data obtained 
at our laboratory (Tables 1-3) on the hornblende mineral, 
water and precious-metal ore reference samples by ICP-MS 
demonstrate the potentials of ICP-MS in comparison with 
other popular analytical techniques. The methods used for 
sample preparation and other details are presented else- 
where^^’^^’"^^"^^. The measurement precisions obtained on 
various trace elements are better than 5% relative standard 
deviation (RSD) with comparable accuracies. 

Extending the capabilities of ICP—MS 

ICP-MS was basically designed for multielement 
analysis of aqueous samples. In order to achieve accu¬ 
rate, reliable and sensitive results, especially when the 
concentrations of analyte elements in the original mate¬ 
rial or the prepared solution are too low to be deter¬ 
mined directly by ICP-MS, or when matrix elements 
interfere with the determination, preconcentration and 
separation techniques are needed. In recent times, ef¬ 
forts have been successfully made to extend its capa¬ 
bilities by simple hyphenations to other techniques"^"^. 
Some of them are discussed in the following: 

Flow-injection method 

Alternative sample introduction technique such as the 
flow injection analysis (FIA) when used in combination 
with ICP-MS is found to be very useful in agricultural, 
biochemical, clinical, pharmaceutical and environmental 
fields where smaller amounts of samples are available for 
analysis. This involves the injection of a discrete sample 
plug into a nonsegmented carrier stream. The sample 
moves into carrier stream from injection point to the ICP. 
A major limitation of ICP—MS is its sensitivity to the ma¬ 
trix (spectroscopic and nonspectroscopic interferences, 
clogging by solid deposition, etc.). When FIA preconcen¬ 
tration/separation techniques are employed, the anal}^es 
can be selectively separated from the bulk of the matrix 
before injecting into ICP. The advantages include high 
throughput and minimal sample consumption. An example 
of effective utilization of FIA—ICP—MS is the estimation of 
very low levels of Cr, Ni and Pt in urine samples'^. 

Electrothermal vaporization 

Another alternative is to couple an electrothermal va¬ 
porization (ETV) unit to ICP-MS. ETV can be carried 
out using a metal filament or a heated graphite tube. 
Microlitre amounts of sample are injected into the tube, 
dried and then rapidly heated to approximately 3000°C 
to vaporize the sample, which is then transported to the 
ICP by using a carrier gas-flow. Rapid quadrupole 
scanning combined with multichannel data acquisition 
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allows the resultant transient signals to be captured and 
analysed"^^. This results in decrease of interference ef¬ 
fects and improved sensitivity"^^. One interesting exam¬ 
ple of this technique is the determination of Os in geo¬ 
logical materials"^^ as it is very difficult to estimate Os in 
geological samples by solution nebulization. 

Slurry nebulization 

Although ICP-MS is designed for the analysis of solu¬ 
tions, it can be applied to solids if they are finely ground 
and suspended in water. Williams et published a 
feasibility study of analysing slurry concentrations of 
0.05 g per 100 ml of tetrasodium pyrophosphate as dis¬ 
pensing agent for finely ground (<3 pm) sample parti¬ 
cles. Slurries of up to 1% w/v can indeed be nebulized 
using a high-solids nebulizer^^ This approach is particu¬ 
larly useful for samples which are hard to dissolve^^. 

Coupling with chromatographic fechniques 

Although many of the analytical techniques available 
today, including ICP-MS, are capable of determining 
elements at very low levels, most of them yield infor¬ 
mation only of total levels. Though ICP-MS can pro¬ 
vide isotopic information, it cannot distinguish between 
different oxidation states of an element. At present there 
is an increasing demand to quantify the form or oxida¬ 
tion state of trace elements in a wide variety of samples. 
This is often termed metal speciation. Such information 
is very important to environmental scientists and toxi¬ 
cologists^. One of the most promising approaches to 
obtain trace metal speciation information is by combin¬ 
ing an appropriate chromatographic technique to ICP- 
MS. Because of chromatography’s separation power, 
coupling it to ICP-MS provides speciation capability. 
High-performance liquid chromatography (HPLC) is 
ideal as it employs solutions"^"^. In general, the mobile 
phase must be selected carefully to prevent clogging of 
the interface, extinguishing of the plasma, etc. Low lev¬ 
els (a few per cent) of organic solvents in water can 
easily be tolerated by increasing the power and water¬ 
cooling the spray chamber (to condense and drain out as 
much solvent as possible). For higher levels, addition of 
oxygen to the plasma is required to burn out the carbon. 
By interfacing liquid chromatographic system with ICP- 
MS Huang and Jiang^^ have been able to accurately de¬ 
termine mercury species (total mercury and methyl mer¬ 
cury) in Dogfish Muscle reference material. Houk et 
al. also used ion-pair reversed-phase HPLC to separate 
various cationic species of Hg and Pb in human urine, 

A variety of high-efficiency nebulizers such as Mistral 
aebulizer^^, ultrasonic nebulizer^"^, direct injection 
nebulizer^^, hydraulic nebulizer^^ and recycling nebu¬ 
lizer^^ have been successfully employed together with 
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ICP-MS to realize the full potential of the technique. 
For example, memory effects associated with conven¬ 
tional pneumatic nebulization were found to be drasti¬ 
cally reduced with direct injection nebulization^^. 

Laser ablation 

For the analysis of high-purity materials, such as high-pure 
metals, semiconductors, etc., sample treatment must be kept 
to an absolute minimum. This requirement has led to the 
development of a technique called laser ablation-ICP-MS 
(LA-ICP-MS). Gray^^ demonstrated the feasibility of laser 
ablation for solid sample introduction to ICP-MS for the 
first time in 1985. Laser ablation is an attractive alternative 
sample introduction technique to dissolution, particularly 
for handling geological materials^. A pulsed Nd: YAG laser 
is used to ablate solid samples held within an ablation cell 
The laser is focused onto the surface of the solid sample, 
and controlled laser pulses of a millisecond duration va¬ 
pourize the anal3Te material. The microparticulate cloud 
produced is carried by a stream of argon gas to the ICP 
torch and subsequently ionized within the plasma followed 
by mass spectrometric analysis. It is of particular impor¬ 
tance to the nuclear, semiconductor, mineral and ceramic 
industries where information on several trace elements at 
pg/g and ng/g levels are needed without dissolving the 
sample. This technique can also provide very rapid 
semiquantitative analysis of materials of completely un¬ 
known composition^^ LA-ICP-MS also offers the possi¬ 
bility of producing spatial information on element distribu¬ 
tion at micrometer scale in solid materials^^. This technique 
has also been applied to the characterization of spent nu¬ 
clear fuels and to study the isotopic distributions of fission 
products and actinides in fuel pellets^’^ and conductive 
(e.g. alloys powders) and nonconductive powder samples^^ 
(e.g. calcium sulphate and titanium dioxide powders for 
industrial use). 

High resolution-ICP—multiple collector mass 
spectrometry (HR-ICP-MC-MS) 

ICP-MS equipped with quadrupole mass analysers has 
been applied to the measurement of isotope ratios^^. It is 
currently not possible to achieve precisions better than 
0.1% RSD in routine analysis. This is not sufficient for 
geochronological studies and nuclear purposes. An 
unique instrument with ICP as source and incorporating 
a double focusing magnetic sector mass analyser 
equipped with multiple ion collectors has been recently 
developed^^. The isotopic components were measured 
simultaneously which allowed high precision and high 
accuracy isotope ratio analysis (better than 0.01% RSD) 
which were comparable to those exhibited by TIMS^l It 
is also demonstrated recently that by combining laser 
ablation with HR-ICP-MC—MS, the isotopic composition 
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Table 4. Detection limits (3a values) of rare earth elements obtained by ICP-MS, LA-ICP- 
MS and HR-ICP-MS in comparison with those obtained by other well-established multielement 

analytical techniques 


Element 

XRF 

(^g/g)* 

ICP-AES 

(Hg/ml)* 

INAA 

(Pg/g)* 

ICP-MS 

(ng/ml)** 

LA-ICP-MS 

(Pg/g)’ 

HR-ICP-MS 

(pg/ml)* 

La 

1.17 

0.044 

0.83 

0.010 

0.11 

0.0014 

Ce 

1.10 

0.145 

2.50 

0.015 

0.13 

0.002 

Pr 

1.03 

0.065 


0.010 

0.13 

0.001 

Nd 

0.87 

0.085 

7.70 

0.050 

0.12 

0.0058 

Sm 

0.77 

0.031 

0.17 

0.036 

0.11 

0.005 

Eu 

0.73 

0.005 

0.08 

0.017 

0.14 

0.003 

Gd 

0.67 

0.035 

6.5 

0.012 

0.12 

0.005- 

Tb 

0.67 

— 

0.15 

0.009 

’ 0.17 

0.0008 

Dy 

0.63 

0.011 

— 

0.024 

0.14 

0.002 

Ho 

0.60 

0.010 

2.83 

0.010 

0.16 

0.0005 

Er 

0.57 

■ 0.019 

— 

0.028 

0.14 

0.002 

Tm 

0.57 


0.57 

0.009 

0.17 

0.0008 

Yb 

0.57 

0.004 

0.23 

0.025 

0.18 

0.002 

Lu 

0.50 

0.004 

0.17 

0.008 

0.16 

0.0009 


*ref. 70; **ref. 24; ^ref. 77; ^ref. 74;“not available. 


of solids can be measured directly to similar superior 
levels of precision and accuracy even for those elements 
such as W, Sn, Te, Mo, etc., which are difficult to ionize 
by thermal ionization^^. High resolution ICP-MS offers 
detection limits better than 0.1 pg/ml in aqueous solu¬ 
tions for several elements. Table 4 gives the detection 
limits obtained by HR-ICP-MS for rare earth elements in 
comparison with those obtained by other multielement 
analytical techniques. We can see that the detection limits 
obtained by HR-ICP-MS are better by several orders of 
magnitude. This is a powerful analytical tool, especially 
when complex matrices like geological, ceramic, biological, 
sea water, etc. are investigated. Such matrices not only suf¬ 
fer from many spectral interferences such as isobaric over¬ 
laps, interferences from molecular ions, doubly charged 
ionic species, etc., which are well know but also from nu¬ 
merous unexpected spectral interferences which may addi¬ 
tionally arise because of the complexity of these matrices 
and confuse the spectral interpretation. High resolution 
mass spectrometers keep the analyst free from most of the 
significant problems from spectral interferences in real 
samples while simultaneously improving sensitivity^^. At 
least three firms, viz. FI Elemental Analysis, Winsford, 
UK (PlasmaTrace); Jeol Ltd, Tokyo, Japan, (JMS- 
Plamaxil); and Finnigan MAT, Bremen, Germany 
(ELEMENT) have launched high resolution instruments 
during 1993. 

Future directions 

New developments in ICP-MS instrumentation and 
applications are advancing the understanding and the 
utility of the technique. The following are some of the areas 
where striking improvements can be expected in future. 


• 70 

i) During the nebulization of the samples, experience 
has shown that approximately only one in one million ions 
sampled actually reaches the detector. This astonishing 
inefficiency of the present instruments suggests that fur¬ 
ther refinement of the design of the interface and ion- 
optics will improve the sensitivity further. Space-charge 
effects are thought to be a major cause of ion loss in ICP- 
MS. Briefly, as the beam leaves the skimmer cone it en¬ 
counters the electric field of ion lens and the electrons are 
stripped away. The current from the ions remaining in the 
beam is far too high for the lens to tolerate so that the ion 
beam explodes, resulting in loss of ions. Active research 
is going on in this direction to minimize these effects. One 
firm (Hewlett-Packard, USA) has eliminated the need for 
a photon stop by mounting the quadrupole and detector 
off axis. An omega lens is used to bend the ion beam into 
the entrance aperture of the quadrupole. By this arrange¬ 
ment it is claimed that the new design has achieved a very 
high ion transmission with minimal space-charge effects, 
resulting in very low background and high sensitivity 
compared to the conventional systems^\ 

ii) The normally operated nebulizers deliver only 
1-2% of the sample to the plasma. This fraction can be 
increased roughly by an order of magnitude by using 
ultrasonic nebulizers as they produce smaller, more uni¬ 
form droplets and is generally not prone to blockage and 
so is more efficient than pneumatic nebulizers^^. Striking 
advances have already been made in this direction and 
some more may follow in future. 

iii) Another effective way of minimizing the interfer¬ 
ence effects is to reduce the water load to the ICP by 
using the multiple desolvation^^ steps at -80°C for a 
continuous flow ultrasonic nebulizer. It has been ob¬ 
served that oxide and other polyatomic interferences 
were reduced by several orders of magnitude. 
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iv) As already discussed, one of the most effective meth¬ 
ods of overcoming spectral interferences is to use high 
resolution ICP-MS, using a double focusing mass analyser 
to enable mass measurements at very high resolution 
(50,000 approx., the resolution is typically defined as 
P = MIM4, where AM is the width of the peak at mass M at 
5% of the peak height). At present these systems are finding 
applications in precise determination of stable isotopes and 
isotope ratios in geological and environmental studies^^. 

v) One of the prominent areas of research in ICP-MS in 
recent times is the use of mixed gas plasmas^^ (addition of 
small amounts of oxygen or nitrogen or hydrogen to argon, 
or use of xenon or helium plasmas). The mixed gas plasmas 
have two major advantages in ICP-MS; reduction of 
polyatomic interferences and direct analysis of organic ma¬ 
terials^^. Use of helium as plasma gas is important because 
of its very high first ionization potential (24.5 eV) which 
exceeds that of argon (15.75 eV). Thus greater excitation 
and ionization of analyte ions is expected with the plasma. 
This is particularly important for sensitive estimations of 
elements such as halogens which are not efficiently, ionized 
in argon plasma. Hence they are determined in negative ion 
mode in conventional ICP-MS. 

Since its commercial introduction in 1983, ICP-MS 
has proved to be a versatile and powerful technique for 
handling routine analytical problems involving both 
elemental and isotopic analysis in a wide variety of ma¬ 
trices. By coupling alternative sampling techniques such 
as laser ablation, the ICP-MS technique is able to solve 
many analytical problems, not possible by other instru¬ 
mental methods. Currently ICP-MS is a subject of very 
active research in the field of inorganic analytical 
chemistry and the instrument will continue to be an impor¬ 
tant asset to any chemical laboratory. The developments 
in ICP-MS, LA-ICP-MS and HR-ICP-MC-MS are ex¬ 
pected to address both the technical and operational limi¬ 
tations of the present systems, eventually leading to more 
reliable, robust and low-cost instruments. 
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Climate change and agriculture — An Indian 
perspective 

Sulochana Gadgil 


In this paper, we examine the major predictions made so far regarding the nature of climate 
change and its impacts on our region in the light of the known errors of the set of models and the 
observations over this century. The major predictions of the climate models about the impact of 
increased concentration of greenhouse gases are at variance with the observations over the In¬ 
dian region during the last century characterized by such increases and global warming. It is im¬ 
portant to note that as far as the Indian region is concerned, the impact of year-to-year variation 
of the monsoon will continue to be dominant over longer period changes even in the presence of 
global warming. Recent studies have also brought out the uncertainties in the yields simulated by 
crop models. It is suggested that a deeper understanding of the links between climate and agricul¬ 
tural productivity is essential for generating reliable predictions of impact of climate change. 
Such an insight is also required for identifying cropping patterns and management practices 
which are tailored for sustained maximum yield in the face of the vagaries of the monsoon. 


The last decade has witnessed a rapid increase in the 
awareness of global change and triggered widespread 
apprehension amongst scientists and governments about 
the implications for their part of the globe. The major- 
facets of global change are changes in climate, the con- 
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centration of atmospheric constituents (such as CO 2 , 
CH 4 , etc.), land surface cover (e.g. desertificahion, de¬ 
forestation) and biodiversity. The changes in these fac¬ 
ets are of concern to us because of the impact on human 
beings and on resources critical to their survival. On the 
other hand, the changes in many of these facets have a 
large anthropogenic component, e.g. deforestation, loss 
in biodiversity, the increase in CO 2 due to burning of 
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Figure 1. Major taccis of global change - induced by and having an 
impact on humans. 


fossil fuels, etc. It is important to note that many of 
these changes are interlinked (Figure 1). Thus increase 
in CO 2 (which is a greenhouse gas) can lead to climate 
change. Change in land surface cover can also have a 
large impact on the climate and particularly the rainfall 
in the tropics. Changes in atmospheric constituents can 
either have a direct impact on the inhabitants of the 
earth (such as higher incidence of skin cancer due to the 
depletion of ozone caused by the chloroflurocarbons 
(CFCs)) or an indirect impact via the induced change in 
climate as expected from the increase in CO 2 . 


I focus here on climate change. Climate change on long 
timescales of thousands of years, as between ice-ages and 
interglacials, is believed to be the result of natural factors 
such as changes in parameters of the earth’s orbit around 
the sun. Anthropogenic factors are likely to have an impact 
on the timescales of about a century. Perhaps the most 
prominent facet of climate change over this centuiy is 
global warming. The mean global surface temperature ex¬ 
hibits an increase over the last decades, with particularly 
sharp increase from 1970s (Figure 2). This warming has 
occurred during a period in which the composition of the 
atmosphere has changed significantly with a marked in¬ 
crease in the concentration of several gases contributing to 
the greenhouse effect such as carbon dioxide and methane 
(Figure 3). A major intergovernmental effort^ in scientific 
assessment of climate change (IPCC) concluded that ‘we 
are certain that emissions resulting from human activities 
are substantially increasing the atmospheric concentration 
of greenhouse gases such as CO 2 , methane, CFCs, etc. 
These enhance the greenhouse effect, resulting in an addi¬ 
tional warming of the earth’s surface (on an average)."TTie 
main greenhouse gas, water vapour, will increase in re¬ 
sponse to global warming and further enhance it.’ 

Several predictions have been made about the nature 
of climate change induced by an increased concentration 
of greenhouse gases and the possible impacts on critical 
resources such as agriculture. For example, a major 
study of implications for India of climate change^ con¬ 
cludes ‘cereal production is estimated to decrease and 
the nutrition security of the population-rich but land- 
hungry region of India would be hampered, an increase 
in the local tropical cyclone activity may occur over the 
next century, posing serious problems as large areas in 
the coastal regions have a dense population.’ 

Most of the studies using, climate models to estimate 
change associated with enhancement of greenhouse 
gases suggest that the summer rainfall over South Asian 
region will Increase by 5 to 15% (ref 1). Some studies 
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Figure 2. Annual deviation of the global mean combined land-air and sea-surface temperature for the period 1861-1989. The curve shows 
the results of a smoothing filter applied to the annual values. 
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Figure 3. Variation of the concentration of some atmospheric con¬ 
stituents during the last century. 


predict an increase in the intensity of daily rainfall events. 
In the thematic review of agriculture ‘Climate Change over 
Asia’, Suppiah et al} state, ‘Studies of simulated daily 
rainfall from enhanced greenhouse experiments indicate 
that a systematic increase in the average intensity is a 
common feature. Associated with this is an increase in 
the frequency of heavy rainfall events. Indeed, there is a 
reason to be more confident that rainfall intensity will 
increase in south and southeast Asian regions under en¬ 
hanced greenhouse conditions. This pattern of change 
has serious implications for agricultural activities.’ 
Parry and Swaminathan"^ suggest that ‘the changes in 
climate could provoke serious reduction in food pro¬ 
duction potential, particularly in regions that are at pres¬ 
ent vulnerable to climate variability such as the agricul¬ 
tural zones in semi-arid and humid tropics’. 

Such predictions about the nature of climate change and 
its impacts on agriculture are widely publicized. Thus the 
headlines of an article based on a study of Rosenzweig and 
Parry^, which appeared in several newspapers across the 
country, read ‘Impact of global warming to be hardest on 
have-nots. Less food if earth warms; more hunger in de¬ 
veloping countries’. However, there is hardly any discus¬ 
sion about how reliable these predictions are. Predictions 
about the nature of climate change due to enhancing the 
concentration of greenhouse gases are generally made 
using climate models which are run for the present con¬ 
centration and enhanced concentration of these gases. 
Assessments of impacts on agriculture such as that of Ro¬ 
senzweig and Parry^ involve using outputs of such models 
in conjunction with crop models and models of world 
trade. There are systematic errors in each of these models. 
Obviously, an assessment of the reliability of such pre¬ 
dictions over the region of interest - here India, is an es¬ 
sential prerequisite to generating policy recommendations 


about possible mitigatory measures, and the strategies of 
research and development. 

In this article, the major predictions made so far regard¬ 
ing the nature of climate change and its impacts for our 
region are examined in the light of the known errors of the 
set of models and observations over this centuiy. The aim 
of this article is to identify problems which are of particular 
importance for our region and start a dialogue amongst 
concerned scientists to evolve a programme of research and 
development appropriate to the Indian situation. 

Nature of climate change - Predictions and 
observation 

Let us consider first the use of climate models for pre¬ 
diction of climate change and variability over the S. 
Asian monsoon region. It is important to note that 
simulation of the summer monsoon over this region has 
proved to be an extremely challenging problem. This is 
evident from Figure 4, in which the observed pattern of 
the mean rainfall for July is shown along with the mean 
pattern simulated by three atmospheric general circula¬ 
tion models (GCMs) for the period 1979-88 as a part of a 


a) Rainfa Ii 



Figure 4. Mean rainfall pattern for July {a) observed patterns {b), (c), 
{d) simulated by three different atmospheric GCMs. 
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Figure 5. Change in precipitation (smoothed 10-year means) due to doubling CO 2 during June-August as simulated by some models (adapted 
from IPCC). 


major Atmospheric Model Intercomparison Experiment^ 
It is important to note from Figure 4 a that while over 
the African region there is only one rainbelt around 
10°N, over the Indian longitudes there are four. The 
large-scale monsoon rainfall is associated with the rain- 
belt I which extends north westward from the Bay of 
Bengal onto the Indian subcontinent. Northward of this 
monsoon rainbelt, is the rainbelt II along the foothills of 
the Himalayas. In addition, there is the rainbelt III along 
the west coast of the Indian peninsula due to the Sahy- 
adris, and the rainbelt IV on the warm waters of the 
equatorial Indian ocean. The presence of so many fa¬ 
vourable lacations for the rainbelt makes it extremely 
difficult for models to simulate the rainfall pattern real¬ 
istically^. Generally only some of the rainbelts are 
simulated and that too not always at a realistic location. 
Thus, the CCC model simulates only the rainbelt II and 
the oceanic rainbelt IV. In the UK Meteorological Office 
(UKMO) simulation, the rainbelt over the continent is 
primarily on the peninsula, with hardly any rain over the 
monsoon zone (rainbelt I); the Himalayan belt II and oce¬ 
anic belt IV are also simulated. The most realistic simula¬ 
tion of rainbelt I in Figure 4 is by the.GFDL model. How¬ 
ever, the oceanic belt IV is totally absent in the GFDL 
simulation. The simulation of the year-to-year variation of 
the summer monsoon over the Indian region is found to be 
even more difficult than that of the average pattern. Thus 
even models which simulate the mean pattern reasonably 
well, are not able to simulate realistically the interannual 
variation between poor and good monsoons^. 

So far we have been discussing simulation by atmos¬ 
pheric GCMs for the period 1979-88 with the sea sur¬ 
face temperature specified from observations. Because 


of the large inertia, the timescales of response of the 
ocean are much longer than those of the atmosphere. 
Hence for generating predictions over timescales of a week 
or less, or for studying subseasonal variation (such as fluc¬ 
tuations of the monsoon between active and dry spells), 
atmospheric GCMs run with specified sea surface tempera¬ 
tures are useful. However, for simulating variations on long 
timescales such as the century-scale on which we expect a 
change of greenhouse gas concentration to have an impact, 
it is necessary to use climate models in which the ocean is 
also an active player. These climate models are models of 
the coupled atmosphere-ocean system, which are necessar¬ 
ily more complex than the component atmospheric or ocean 
models. Not surprisingly, the simulation of the summer 
monsoon rainfall pattern by such models is also generally 
not realistic (e.g. Lai et al}). 

Some differences in the simulated and observed pat¬ 
terns of rainfall and its variability are to be expected. As 
Gates^ one of the leaders in the field, has pointed out, 
‘The demand for climate scenarios for impact estimation 
far exceeds the supply of reliable information climate 
modelers have in their possession. Climate models cer¬ 
tainly have systematic errors, most of these errors are 
poorly understood and, in general, poorly documented’. 
We have seen that it appears particularly difficult to 
simulate the South Asian monsoon and its variability by 
atmospheric GCMs or climate models, perhaps because 
of the presence of multiples equilibria^. Such limitations 
have to be borne in mind when we consider the implica¬ 
tions of climate change derived by climate models. 

Let us consider next the predictions made for enhanced 
greenhouse gases. The most authoritative review is by the 
IPCC\ While, all models indicate that surface temperature 
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Figure 6 a. Variation of the all-India summer monsoon rainfall over the last century. Global warming of Figure 1 is also shown. 



Figure 6 b. Percentage departure from normal of all-India summer 
monsoon rainfall versus global surface temperature anamoly. ' 

will increase over the Indian region (up to 2°C during the 
summer) the response in terms of precipitation changes is 
more difficult to assess. Although most models simulate 
an enhancement of precipitation over the South Asian 
monsoon region, the change in precipitation is relatively 
small compared to the interannual variations. Also, there 
are considerable differences between models (Figure 5). 
However, all the three models shown in Figure 5 imply an 
increase over the region north of 20° N, i.e. over the mon¬ 
soon zone of Figure 4 a, over which most of the large-scale 
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monsoon rainfall is received, Lai et study of antici¬ 
pated changes in India’s climate also suggests an increase 
in rainfall over this region. 

Let us now consider how the prediction of an increase 
in the Indian monsoon rainfall in association with global 
warming compares with observations. The observed 
variation of the all-India summer monsoon rainfall over 
India over the last 100 years and the global warming 
during this period are shown in Figure 6 a. The varia¬ 
tions of all-India rainfall over this short period of about 
a century do not seem to be correlated with the observed 
global warming (Figure 6 b). We note that there is no 
clear increasing trend observed on the century scale in 
Figure 6. Rather, the most prominent variation is on the 
interannual scale (from year to year), between good and 
poor monsoons. The change on the decadal or century 
scale is in the frequency of deficit monsoons or 
droughts. Joseph^^ was the first to point out that there 
^are three distinct epochs in this series - the first up to 
about 1920, characterized by frequent droughts; the pe¬ 
riod 1930-64 by relatively less frequent droughts and 
the period 1965-87 again by frequent droughts. Thus 
what is important for the Indian region as far as change 
in climate is concerned, is the change (if any) in the fre¬ 
quency of extreme events such as droughts of floods, i.e. 
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Figure 7 a. Coherent rainfall zones after Gadgil et a/. 

changes in the important facets of climate variability. 
Although there are changes in the frequency of droughts 
on the decadal scale, these do not appear to be simply 
related to global warming^^. For example, although the 
epoch of frequent droughts till 1920 coincides with the 


relatively low global temperatures, and the warming up 
to 1945 occurred in an epoch of low frequency of 
droughts, in the warm epoch during 1965-88, a high 
frequency of droughts is observed. 

It is well known that the variations of seasonal rainfall 
over India do not occur in phase across the country. 
When some parts of India experience drought, there are 
floods in others, and so the average all-India rainfall is 
not very meaningful. Hence, we consider variations of 
rainfall over zones, which are coherent with respect to 
variations of the summer monsoon . We find that there 
is no clear trend of increasing or decreasing rainfall over 
the century scale for any of the zones although there 
does appear to be some signal on decadal scales, leading 
to a persistence of above or below average rainfall for 
several years in a row (e.g. Figure 7). Earlier studies of 
trends over subdivisions or macrozones (reviewed by 
Pant et al also found no significant trend over most 
of these regions. Rupa Kumar et analysis of rainfall 
time-series at 306 stations across India showed that very 
few stations had significant trends. 

An increase in the intensity of daily rainfall and fre¬ 
quency of heavy rainfall events has also been pre¬ 
dicted^^. The variation of the frequency of the heavy 
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Figure 8. Variation of the frequency of heavy rainfall events (> 7 cm per day) over the mo zones in Figure 7. 


rainfall (greater than 7 cm a day) for two zones of Fig¬ 
ure 7 is shown in Figure 8. Again there is no clear trend 
indicating increase of heavy rainfall events in associa¬ 
tion with global warming. In fact the frequency appears 
to decrease in the last two decades. 

Another prediction is about a possible increase in fre¬ 
quency and intensity of tropical depressions and cy¬ 
clones A detailed discussion about the nature of 
change in the depressions and cyclones over the last 100 
years appears elsewhere^^. The number of depressions 
and cyclones north of the equator in the Indian Ocean 
from Joseph’s^^ study are shown in Figure 9. During the 
period 1970-90 when global warming is most rapid, the 
frequency of these systems is in fact decreasing. The 
frequency of tropical cyclones over the N. Atlantic also 
appears to have decreased in this period while there is 
no clear trend over the Pacific^*. 

Studies of the observed changes in surface tempera¬ 
ture over the Indian region have also been reviewed by 
Pant et The all-India mean annual surface tempera¬ 
ture derived from 73 stations across India^^ shows a sig¬ 
nificant warming of 0.4°C per 100 years, which is com¬ 
parable to the global mean trend of 0.3°C per 100 years. 
This increase is primarily contributed by the post-monsoon 


and winter seasons, there being hardly any trend in the 
monsoon-season temperatures. Of the 73 stations used to 
derive the all-India average, 30 stations show a signifi¬ 
cant warming trend while 6 show a cooling trend. A 
comparison of the trends in rainfall^^ and temperature 
indicates that generally increase in rainfall is associ¬ 
ated with decrease in temperature. In the belt north of 
20°N where most models predict an increase, the eastern 
sector exhibits a decreasing trend while the western an 
increasing one, although neither is significant at a ma¬ 
jority of the stations. 

The observations about the variation of the summer 
monsoon rainfall over the Indian region over the last 
century during the period of global warming can be 
summarized as follows. The all-India summer monsoon 
rainfall does not exhibit an increasing trend; its varia¬ 
tions do not appear to be correlated with global warm¬ 
ing. No trends are apparent in the variation of the sum¬ 
mer monsoon rainfall over different coherent zones of 
Indian region. There is no evidence to suggest that an 
increase in heavy rainfall events occurs with global 
warming. The frequency of depressions and cyclones 
over the Indian seas appears to have decreased markedly 
over the period 1970-90 when global warming was most 
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Figure 9. Variation of the frequency of depressions and cyclones over the Indian seas. 


1990 


rapid. Hence the observations about the changes in rain¬ 
fall pattern over the Indian region during this century 
appear to be at variance with the predictions generated 
so far by the existing climate models. 

The all-India surface temperature does exhibit a 
warming as predicted by the models, albeit at a much 
smaller rate. However, over regions where rainfall in¬ 
crease is observed (again of very small amplitude) gen¬ 
erally the temperature decreases. So the observations 
suggest that a simultaneous increase in rainfall and tem¬ 
perature is unlikely. 
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This comparison of model predictions regarding the 
important climatic variables - temperature and rainfall 
with available observational data - suggests that until 
the performance of the models in simulation for the re¬ 
gional scale is sufficiently accurate, regional predictions 
of the impact of various factors such as enhancement of 
greenhouse gases generated on the basis of the results 
from such models have to be interpreted with caution. 
The observations may not be adequate for detecting the 
climate change signal from the natural variability. How¬ 
ever, before making decisions regarding actions for 
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mitigation, validation of the models by comparison with 
whatever observations are available for the major pre¬ 
dictions, is absolutely essential. 

Climate and agriculture 

The strong links between the vagaries of the monsoon 
and agricultural productivity are well known. This link 
is evident in the variation of the production of rice and 
of the annual production of total food grain over India, 
shown in Figure 10, along with the all-India summer 
monsoon rainfall. It is clearly seen that superposed on 
the increasing trend due to the green revolution, are dips 
in the yield, which occur in years in which the all-India 
summer monsoon rainfall is deficit (e.g. 1965, 66, 72, 
74, 79, 82). On the other hand, when the all-India rain¬ 
fall is in excess of the normal (e.g. 1964, 70, 75, 78, 
83), the yield is certainly higher. Thus the large year-to- 
year variations in monsoon rainfall are directly reflected 



Figure 10. Variation during 1960-82 of (a) rice yield over the In¬ 
dian region (after Swaminathan”), (i) total food grain production 
(after Parthsarathy et al}*.), (c) all-India rainfall. 


in substantive variations of the yield. For example, the 
difference in the total annual food grain production be¬ 
tween the poor monsoon of 1974 and the succeeding 
good monsoon of 1975 is about 20% of the yield. 

We note that in the epoch 1930-64 when the mean 
monsoon rainfall was high, the frequency of deficit years 
was low. Thus a priori, it would appear that if the mon¬ 
soon rainfall were to increase (and frequency of droughts 
to decrease) as predicted by the climate models, the pro¬ 
duction of food grains would be enhanced. What then is the 
basis of the sensational predictions about decrease in yield 
with global warming? These are generated by the use of 
crop models to assess the impact of change in climate. 

In general, the change in yield depends not only on 
the change in rainfall but also change in CO 2 concentra¬ 
tion and temperature. While the increase in rainfall and 
concentration of CO 2 generally lead to an increase in 
yield, the impact of an increase in temperature is gen¬ 
erally negative in the tropics. Thus if both rainfall and 
temperature increase, it is necessary to ascertain whether 
the impact of increased rainfall and CO 2 will overwhelm 
the impact of increased temperature and hence evapo- 
transpiration over specific regions for specific crops. 
However, as noted in the last section, it is not clear that 
over the Indian region temperature and rainfall will si¬ 
multaneously increase. 

So far we have focused on interannual variation and 
considered primarily the impact of fluctuations in the 
total seasonal rainfall, mean temperature, etc. However, 
the agricultural productivity is also a sensitive function 
of the distribution of the meteorological variables such 
as rainfall within a season^. The difference between a 
so-called good monsoon season and a deficit monsoon 
season is generally the presence of a long dry spell in 
the latter. Such dry spells induce moisture stress and 
have a major impact on the productivity when they oc¬ 
cur in critical life history stages of the crop. Similarly if 
wet spells occur and promote the spread of pests and 
diseases, significant losses are incurred unless mitiga¬ 
tory measures are adopted^^. The identification of such 
weather/climate events which have a large impact on the 
productivity of different crops is essential for making 
realistic impact assessments and choosing the appropri¬ 
ate management strategies for mitigatory measures. 

With the rich data-set available in the meteorology 
department, the probabilities of the occurrence of such 
events in different stages in crop growth can be readily 
worked out for each region. For obtaining maximum 
sustainable yield in the face of this variability, the va¬ 
rieties and cropping patterns have to be chosen so that 
the occurrence of such events in the critical life-history 
stages is minimized. Thus, understanding such links 
between climate variability and agricultural productivity 
is also a pre-requisite to tailoring cropping pat- 
tems/varieties and management practices for maximum 
sustainable yields in different agroclimatic zones. 
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LIXI-IJ North American Site 
HUBH European Site 



Figure 11. Scatter plot of simulated yield against biomass for the 
North American site and European site in the GCTE (after Ingram^^). 


A systematic analysis of the yields simulated by wheat 
models was recently conducted as a part of the IGBP 
Project on Global Change and Terrestrial Ecosystems 
(GCTE). This revealed a surprisingly large intermodel 
variation in simulated yield even when the climatic 
conditions were specified to be the same (Figure 11, 
after Ingram^^). Thus it appears that the prediction of 
impact generated by using crop models in combination 
with climate models are likely to have significant errors. 
It is necessary to understand and validate each compo- 
nent/link with available observations and special field 
trials to determine the reliability of the predictions. For 
example, it may be worthwhile to investigate whether the 
existing crop models (of the kind used in Rosenzeweig 
and Parry’s^ study) can simulate the observed variation of 
the yields over the last century when the observed varia¬ 
tion of the climatic parameters is specified. 

It is also important to note that as far as the Indian 
region is concerned, the impact of year-to-year varia¬ 
tions of the monsoon will continue to be dominant even 
in the presence of global warming. Thus neither the rain¬ 
fall nor temperature is likely to change monotonically. 
The pertinent question to ask of climate models and ob¬ 
servations is then the extent to which climate variability 
will change. In other words, on the interannual scale 
whether the frequency of extreme events such as 
droughts or floods will change and on the subseasonal 
scale whether the frequency of critical weather events 
such as dry and wet spells or hot and cold spells will 
change. 


Concluding remarks 

We have seen that predictions generated from climate 
models about the consequences of enhanced greenhouse 
gases such as increased monsoon rainfall, higher fre¬ 
quency of heavy rainfall events, etc. are at variance with 
observations over the last century characterized by 
global warming. Recent studies have also brought out 
the uncertainties in the yield simulated by crop models. 
Thus it is clear that understanding the important links 
between climate and agricultural productivity is an es¬ 
sential prerequisite to generating reliable predictions 
about impact of change in climate and variability. 

In my view, the most important problem for our re¬ 
gion is to elucidate in detail the climate component of 
agricultural productivity by systematic analysis of the 
available data on yields of different crops (at the differ¬ 
ent agricultural research stations as well as at district 
level) on the one hand and investigation and develop¬ 
ment (if necessary) of crop models with realistic sensi¬ 
tivity to climate on the other. This will pave the way for 
generating realistic impact assessments and identifying 
cropping patterns and management strategies which are 
tailored for sustained maximum yield in the face of the 
vagaries of the monsoon. 

Meanwhile, we expect the rapid improvement of cli¬ 
mate models across the globe in the last decade to be 
sustained. In the not too distant a future, these models 
should start yielding reliable results on regional scale 
for the nature of climate change in response to various 
factors such as enhanced greenhouse gases. By that time 
if the links to the productivity of the major crops are 
understood, reliable predictions of impact could be gen¬ 
erated and strategies for coping with the anticipated cli¬ 
mate change worked out. 
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Opioid peptides in invertebrates: Localization, 
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In this review the opioids that have been found in the 
invertebrates are discussed. Major emphasis is placed 
on the arthropods, molluscs and annelids. The article 
deals largely with the identification and functional 
roles of these peptides. These endogenous opioids are 
involved in a wide variety of physiological processes, 
often serving as neurotransmitter substances. Among 
the putative roles of opioids in invertebrates are me¬ 
diation of the release of neurohormones, initiation of 
proper behavioural responses, control of thermoregu¬ 
latory activities and mediation of immune responses. 
This review concludes with a section that suggests 
areas of future investigation, along with possible 
practical applications of these compounds. 


In recent years a number of vertebrate-type neuropep¬ 
tides have been discovered in the invertebrates. The dis¬ 
covery of these vertebrate-type peptides in invertebrate 
tissues has influenced research in comparative endocri¬ 
nology in a major way. A class of such neuropeptides is 
known as the opioid family, based on the fact that 
among vertebrates these peptides show a potent capacity 
to mimic some key actions of morphine\ In mammals 
the enkephalins originate from at least two precursors, 
preproenkephalins A and B. Preproenkephalin A gives 
rise to one copy of leucine enkephalin (Leu-Enk), four 
copies of methionine enkephalin (Met-Enk) (Leu-Enk 


and Met-Enk are pentapeptides) and two C-terminally 
extended enkephalins, Met-Enk-Arg^-Phe^ (met-7) and 
Met-Enk-Arg^-Gly^-Leu^ (Met-8)^. Preproenkephalin B 
contains no Met-Enk sequence but has three Leu-Enk- 
containing peptides, a/p-neoendorphin, dynorphin and 
rimorphin. The first enkephalins discovered, Met-Enk 
and Leu-Enk, were originally purified from the porcine 
brain^. There are a variety of opiate receptors (mu, 
delta, iota, kappa, epsilon) each of which appears to be 
the preferential ligand for one of the endogenous opioid 
peptides in mammals'^. Endogenous opioids have been 
detected in all vertebrate species investigated^’^. These 
substances serve widely throughout the body as neuro- 
modulatory substances. 

The search for the presence of endogenous opioids in 
invertebrates initially met with some uncertainty. Early 
reports did not support the presence in several inverte¬ 
brates of opiate-receptor-binding sites^’^. However, the 
development of appropriate techniques, especially im- 
munocytochemistry, radioimmunoassay (RIA) and high- 
performance liquid chromatography (HPLC), made it 
possible to discover opioid peptides in several inverte¬ 
brates. Among the invertebrates, studies have been un¬ 
dertaken mainly with arthropods, molluscs and annelids, 
and in this review we emphasize the studies that have 
been done on the localization, distribution and possible 
roles of the endogenous opioids in these groups. 
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Crustacea 

Localization and distribution 

The first opioid study on a crustacean was reported in 
1981 by Mancillas et al^. Through immunocytochemis- 
try they found Leu-Enk-like immunoreactivity in all the 
retinular cells of the spiny lobster Panulirus interruptus 
and the red swamp crayfish Procambarus clarkii. In 
addition, such immunoreactivity was also apparent in 
nerve fibres in chiasm 3 that run from the medulla in¬ 
terna to the medulla terminalis. Since then immunocyto- 
chemical mapping studies, which not only detect the 
presence of opioid peptides but also give their distribu¬ 
tion, have been reported in a variety of crustaceans. 
Table 1 summarizes the peptides detected so far in 
crustaceans and the techniques used to demonstrate their 
presence^"^^’^"^'^^. Marino et and Piccoli et by 
using a receptor-binding assay, reported the presence of 
opioid-like peptides in the suboesophageal ganglion and 
brain of Squilla mantis and Carcinus maenas. There are 
a few reports about the presence of enzymes that degrade 
the opioid peptides in Crustacea. Colleti-Previero et al}^ 
found three peptidases in the haemolymph of the crayfish 
Astacus fluviatilis that rapidly degrade Leu-Enk. Watabe 
et reported evidence for the presence of p-endorphin- 
degrading enzymes in the cells of the hepatopancreas of 
the crayfish Procambarus clarkii. 

Functions 

Behaviour. The first study of a possible role of an 
opioid in any crustacean was that by Maldonado and 
Miralto^^ with Squilla mantis. They found that the de¬ 
fensive response, a rapid flexure of the abdomen, which 
can be experimentally induced by electric shock, can be 
modified by morphine. This drug increases the threshold 
current required to elicit the response. The loss of sen¬ 
sitivity is dose-related. Naloxone blocks the action of 
this opioid. Naloxone is a competitive opioid antagonist, 
binding to opioid receptors. Martinez et al.^^ found that 
when the crab Gecarcinus lateralis was placed into the 
activity-monitoring chambers, the locomotor activity 
increased. FK 33 824, a stable Met-Enk analogue, mark¬ 
edly enhances this initial activity but naloxone blocks 
this excitatory action of the opioid. In studies with an¬ 
other crab, Chasmagnathus granulatus, Lozada et alP 
found that this crab assumes a defensive posture, with 
both chelae extended and the body elevated when an 
electric shock of 50 Hz, 1 s duration and at least 8 V is 
given. Morphine produces a dose-dependent reduction 
in the sensitivity of this crab to the electric shock. But 
when naloxone was coinjected with morphine, no re¬ 
duction in sensitivity occurred, which suggests that the 
morphine was acting through opioid receptors and that 


such receptors are indeed involved in this reduction of 
sensitivity to the electric shock. In other behavioural 
studies with this crab^^’^^, it was found that a danger 
stimulus in the form of a passing shadow elicits an es¬ 
cape response that habituates after repeated stimulation, 
and that this habituation appears to be mediated by en¬ 
dorphins. Support for this suggestion that habituation is 
the result of endorphin release is the observation that 
naloxone increases the responsiveness to the danger sig¬ 
nal and after a habituation session which reduces the 
response level to the danger signal there is also an anal¬ 
gesic effect on the defensive response of this crab to an 
electrical shock. Very recently, Godoy and Maldonado^*^ 
reported that the synthetic opioid analogue (D-Ala^) 
Met-enkephalin (DAME) significantly reduces the es¬ 
cape response to a danger stimulus in the crab Chas¬ 
magnathus granulatus when administered within a dose 
range of 0.01-1.0 pg/g. A 0.1 pg/g dose of naloxone has 
no effect per se on the response, but when it is adminis¬ 
tered together with DAME, it completely blocks the 
decremental effect of this drug. 

Pigmentary effectors. Crustaceans have two types of 
pigmentary effectors: (a) the chromatophores, which are 
responsible for colour changes and (b) the retinal, pig¬ 
ments, which control the amount of light impinging on 
the rhabdom. Translocation of the pigments in the chro¬ 
matophores and at least in the distal and reflecting pig¬ 
ments is clearly regulated by neurohormones. 

(a) Chromatophores. The physiology of crustacean 
chromatophores has been reviewed recently^^ In several 
species dual control of chromatophores by pigment- 
dispersing and pigment-concentrating neurohormones 
has been demonstrated. In this laboratory we have been 
particularly interested in identifying the neuroregulators 
that control the release of crustacean neurohormones. In 
the fiddler crab Uca pugilator, 5-hydroxytryptamine (5- 
HT) stimulates the release of red-pigment-dispersing 
hormone while norepinephrine (NE) stimulates the re¬ 
lease of black-pigment-dispersing hormone. Met-Enk, 
but not Leu-Enk, was found to stimulate the concentra¬ 
tion of the black and red pigments in intact Uca pugila- 
toP^. In in vitro experiments Met-Enk stimulated the 
release of black- and red-pigment-concentrating hor¬ 
mones from isolated eyestalks^^’^^. Naloxone blocked 
the action of Met-Enk in intact crabs and on isolated 
eyestalks. Met-Enk, like the classical aminergic neuro¬ 
transmitters, has no direct effect on these chromatophores, 
as evidenced by the lack of effect on the chromatophores 
in isolated legs. Presumably, therefore, 5-HT, NE and Met- 
Enk exert their effect only indirectly, by stimulating the 
release of the appropriate specific chromatophorotropic 
neurohormones. However, surprisingly, p-endorphin was 
found to produce black-pigment dispersion in both 
intact Uca pugilator and in isolated legs^^. Additional evi¬ 
dence for the involvement of enkephalinergic substances 
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Table 1. Identification and localization of opioid-like peptides in crustaceans 


Peptide 

Species 

Localization 

Techniques 

References 

Leu-Enk-like 

Cancer pagurus 

PO 

Immunocytochemistry 

15 


Carcinus maenas 

SG, LG, ME, MI, MT, PO, 
segmental nerve connections 
to the thoracic ganglia, thoracic 
ganglia 

Immunocytochemistry 

HPLC 

10, 14, 17, 18 


Gecarcinus lateralis 

Brain 

RIA, HPLC 

19 


Maja squinado 

PO 

Immunocytochemistry 

15 


Panulirus interruptus 

Retinular cells, nerve fibres in 
chiasm 3 

Immunocytochemistry 

9 


Portunus puber 

PO 

Immunocytochemistry 

15 


Procambarus clarkii 

Retinular cells, nerve fibres in 
chiasm 3 

Immunocytochemistry 

9 


Uca pugilator 

Retinular cells, LG, SG, OP, MT, 
ovary, testis 

Immunocytochemistry 

11,21 

Met-Enk-like 

Carcinus maenas 

SG, hepatopancreas thoracic 
ganglia 

HPLC, immunoflurescence, RIA, 
sequence analysis 

10,16-18 


Gecarcinus lateralis 

Eyestalk, brain 

HPLC, RIA 

19 


Uca pugilator 

Retinular cells, SG, LG, ,OP, MT, 
x-organ of MT, ovary, testis 

Immunocytochemistry 

11,21 

Met-Enk-Arg^’-Phe’ 

Carcinus maenas 

SG 

HPLC 

10 

Met-Enk-Arg-Phe- 

amide 

(YGGFMRFamide) 

Homarus americanus 

Nervous system 

Immunocytochemistry 

20 

p-endorphin-like 

Procambarus clarkii 

Hepatopancreas 

RIA, Immunocytochemistry 

22 


HrLLJ; nign-periormance iiquia cnrumaiugiapuy, ukj. laiimia .. 

lis; OP: optic peduncle; PO: pericardial organ; SG: sinus gland; RIA: radioimmunoassay. 


in crustacean colour changes was provided by Martinez 
et who found that although injection of the stable 
Met-Enk analogue FK 33 824 alone into Gecarcinus 
lateralis has no effect on the chromatophores, coinjec¬ 
tion of this analogue with eyestalk extract strongly po¬ 
tentiates the black-pigment-dispersing and red-pigment¬ 
concentrating actions of the eyestalk extract. This po¬ 
tentiation is blocked by naloxone. 

(b) Distal retinal pigment. NE produces light adapta¬ 
tion of the distal retinal pigment of Ucapugilator whereas 
dopamine (DA) induces dark adaptation ’ , presumably 
by stimulating the release of the light-adapting and dark- 
adapting neurohormones, respectively. Met-Enk, like DA, 
produces dark adaptations of this pigment, but Leu-Enk 
has no effect on this pigment^^. 

Blood glucose. The crustacean hyperglycaemic hormone 
(CHH) is found in the sinus gland. In several crusta¬ 
ceans CHH release has been found to be triggered by 5- 
HT (ref. 38). Recently, Luschen et al}’^ and Rothe et 
al. provided evidence that synthetic Leu-Enk, endoge¬ 
nous sequenced Leu-Enk isolated from thoracic ganglia 
of Carcinus maenas and purified Leu-Enk-like material 
from sinus glands of this crab, when injected into intact 
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JJca pugilator, the test organism for these bioassays, 
produce a decrease in the haemolymph glucose concen¬ 
tration. Also, in CHH bioassay done again by injecting 
into intact Uca pugilator^ it was found that eyestalks of 
Carcinus incubated in the presence of synthetic Leu-Enk 
release less than the basal level of CHH was compared 
to eyestalks incubated in saline alone. Furthermore, in¬ 
jection of naloxone into intact Uca pugilator prior to 
injection of Leu-Enk blocks the hypoglycaemic action of 
this opioid in this crab. In contrast, Leu-Enk does not 
affect the haemolymph glucose concentration in eye- 
stalkless fiddler crabs, which is consistent with the hy¬ 
pothesis that the enkephalin acts by reducing CHH 
output from the sinus glands in the eyestalks. In the 
crayfish Astacus leptodactylus, Met-Enk decreases the 
haemolymph glucose level as well as the nocturnal peak 
in the circadian rhythm of haemolymph glucose""^. Sarojini 
et al^^ provided evidence that both L-Enk and DA are 
involved in the regulation of blood glucose in the cray¬ 
fish Procambarus clarkii. In vitro, both L-Enk and DA 
reduced the rate of release of CHH from isolated eyestalk 
neuroendocrine tissue. These results suggest that both L- 
Enk and DA act to inhibit the release of CHH by affect¬ 
ing the eyestalk neuroendocrine complex and that the 
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Table 2. Identification and localization of opioid-like peptides in insects 


Peptide 

Species 

Localization 

Techniques 

References 

Leu-Enk-like 

Calliphora vomitoria 

Brain, thoracic ganglia, 
retrocerebral complex 

Immunocytochemistry 

50 


Locust a migratoria 

Brain 

RIA 

42 


Eristalls aeneus 

Brain 

Immunocytochemistry 

48 


Mandiica sexta 

Brain 

Immunocytochemistry 

49 

Met-Enk-like 

Calliphora vomitoria 

Brain, thoracic ganglia, 
retrocerebral complex 

Immunocytochemistry 

50 


Drosophila melanogaster 

Brain, ovaries, testes 

Immunocytochemistry 

47, 57 


Leucophaea maderae 

Corpora cardiaca 

Immunocytochemistry 

46 


Locusta migratoria 

Brain, corpora cardiaca, 
spermatogonia, spermatids, 
spermatocytes, ovarian follicles 

Immunocytochemistry, 

RIA 

42, 52, 54, 55 


Periplaneta americana 

Brain, nerves leading to corpora 
cardiaca and corpora allata, 
midgut endocrine cells 

Immunocytochemistry 

45, 53 


Nauphoeta cinera 

Midgut endocrine cells 

Immunocytochemistry 

54 


Sarcophage buliata 

Spermatogonia, spermatids, 
spermatocytes, ovarian follicles 

Immunocytochemistry 

55, 56 


Schistocera gregaria 

Brain, thoracic ganglia, 
subesophageal ganglia, abdominal 
ganglia 

Immunocytochemistry 

51 

Met-7 

Calliphora vomitoria 

Brain, thoracic ganglia, 
retrocerebral complex 

Immunocytochemistry 

50 ■ 

Met-8 

Calliphora vomitoria 

Brain, thoracic ganglia, 
retrocerebral complex 

Immunocytochemistry 

50 

Endorphin 

Bombyx mori 

Neurosecretory cells in the pars 
intercerebralis 

Immunocytochemistry 

59 


Calliphora vomitoria 

Neurosecretory cells in the pars 
intercerebralis 

Immunocytochemistry 

60 


Eristalis aeneus 

Neurosecretory cells in the pars 
intercerebralis 

Immunocytochemistry 

60 


Leptinotarsa 

decemlineata 

Neurosecretory cells in the pars 
intercerebralis 

Immunocytochemistry 

58 

a-Endorphin 

Bombyx 

Median cells of suboesophageal 
ganglion 

Immunocytochemistry 

61-63 


Thaumetopoea 

gityocampa 

Median cells of suboesophageal 
ganglion 

Immunocytochemistry 

61,62 

MSH 

Leucophaea maderae 

Corpora cardiaca, corpora allata 

Immunocytochemistry 

65 


Locusta migratoria 

Cell bodies and nerve fibres in 
the central nervous system 

Immunocytochemistry 

64 


Sarcophaga buliata 

Cell bodies and nerve fibres in 
the central nervous system 

Immunocytochemistry 

64 

ACTH 

Leucophaea maderae 

Corpora cardiaca, corpora allata, 
Malpighian tubules 

Immunocytochemistry, 
ACTH antiserum 

65, 66 


Locusta migratoria 

Corpora cardiaca 

Immunocytochemistry 

64 


RIA: radioimmunoassay. 
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enkephalinergic inhibitory neuron follows the dopamin¬ 
ergic inhibitory neuron in the chain of neurons which 
leads to the neuroendocrine cells that secrete CHH. 

Reproduction, The potential involvement of an en¬ 
dogenous opioid system in the regulation of ovarian de¬ 
velopment in the Uca pugilator was investigated in 
vivo^\ Injection of synthetic Met-Enk into female crabs 
slowed ovarian maturation significantly. The inhibition 
was dose-dependent. The mean ovarian index and the 
mean oocyte diameter of the crabs that received the 
opioid were significantly smaller than the corresponding 
values for the saline-injected concurrent control speci¬ 
mens. Injection of naloxone produced dose-related 
ovarian maturation'^^ 

Insecta 

Localization and distribution 

The first demonstration of the presence of an opioid in 
an invertebrate came from an RIA study with the brain 
of a locust. Locusta migrator No P-endorphin was 
found but Leu-Enk and Met-Enk were both present, with 
Met-Enk present in larger quantity than Leu-Enk. Since 
then immunocytochemical studies based on antisera 
raised against opioid peptides have been carried out in 
about 35 species of insects belonging to eight or- 
ders"^^’"^"^. Table 2 summarizes the results so far obtained 
regarding the localization and distribution - of opioid 
peptides in insects as well as the methods employed to 
detect these peptides"^^"^^. A few investigators have 
demonstrated the presence of opioid-binding sites in 
insect neural tissues. Pert and Taylor^^ showed that 
membranes prepared from heads of Drosophila melano- 
gaster bind Leu-Enk, but naloxone does not bind well to 
these membranes. D-ala-2-met-5-enkephalinamide 
(DAMA) also binds extensively to cerebral ganglion 
membrane suspensions from Leucophaea maderae . In 
the same insect, high-affmity stereospecific opioid 
binding was demonstrated in midgut preparations^^. 
Santoro et aC^ reported that tissues of Drosophila appear 
to contain kappa-like opioid receptors. These results sug¬ 
gest that insects possess both opioid substances and their 
receptors, thus revealing the existence of a complex 
opioid mechanism similar to mammals. Recently, La- 
mango and Isaac^^ characterized an endopeptidase from 
the heads of Musca domestica that can degrade a range of 
neuropeptides, including enkephalins and substance P. 

Functions 

Neuromodulation. Morphological evidence suggests 
the existence of specific enkephalinergic pathways 
within the central nervous system (CNS) of insects'^^. 


Immunoreactive nerve fibres originating in the brain 
were seen in nerves issuing from the corpora cardiaca 
(CC) and running along pathways leading to the anterior 
sympathetic nervous system and corpora allata (CA). 
These opioid peptides may be functioning as neuro¬ 
transmitter or neuromodulatory substances . In CaL 
liphora vomitoria, the heart has a direct enkephalinergic 
innervation, particularly by Met-7 immunoreactive ter¬ 
minals in the vicinity of the ostia; the enkephalin-like 
material presumably acts as a neuromodulator of the 
intrinsic heart rhythm"*^. In addition, in this insect the 
phasic secretory activity of the CA is regulated by 
enkephalin-like peptide"^^. 

Neurohormone. The presence of enkephalins in the 
neurohaemal areas of the dorsal neural sheath of the 
thoracic ganglia of Calliphora vomitoria suggests a 
hormonal role for these peptides'*^ Furthermore, a close 
association between 5-HT and a variety of peptidergic 
substances, including Leu-Enk and Met-7, was ob¬ 
served. Met-7 at a concentration of as low as 10“ “M 
displayed a powerful stimulatory influence on salivary 
gland secretion in the rat. In contrast, Leu-Enk and Met- 
Enk were completely without effect. Naloxone failed to 
inhibit this response of the rat on salivary glands to Met- 
7 . Thorpe and Duve'*^ suggested that Met-7 may act 
through kappa receptors, where naloxone has only a 
weak binding capacity. 

Behaviour. A behavioural role for an enkephalin in 
regulating locomotor activity in the cockroach Leuco¬ 
phaea maderae was demonstrated by Ford et al 
When the enkephalin analogue D-ala-2-met-5- 

enkephalinamide (DAMA) was applied topically to the 
cerebral ganglia, it resulted in a decrease in locomotor 
activity. Naloxone can block this effect as well as the 
depressant effect of morphine on locomotor activity. 
In contrast, another analogue, D-ala-2-leu-5- 

enkephalinamide (DALA) and also dynorphin increased 
the locomotor activity. This acceleratory effect can also 
be antagonized by concomitant naloxone treatment. In 
another cockroach, Periplanata americana, enhanced 
locomotor activity was induced by morphine, a mu 
opioid agonist^^. In the same species, it was shown that 
the kappa opiate agonist U-50,488H was able to stimu¬ 
late the ingestive responses of free-feeding animals. 
These results on opioid-induced behaviours indicate the 
presence of multiple opmte receptor types in insects. 

Therritoregulation. Survival of an animal is dependent 
on its ability to avoid thermal extremes. Many ec- 
totherms show at least a primitive ability to control their 
body temperature. The behavioural thermoregulatory 
responses of at least some insects are sensitive to opi¬ 
ates. Kavaliers and Hirst^"^ studied the thermal responses 
of larvae of the mealworm Tenebrio molitor. Fourth instar 
larvae were injected with morphine, Met-Enk, p-endorphin, 
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Table 3. Identification and localization of opioid-like peptides in molluscs 


Peptide 

Species 

Localization 

Techniques 

References 

Leu-Enk-like 

Aplysia californica 

Central nervous system 

Immunocytochemistry 

83 


Cepaea nemoralis 

Brain neurons, central nervous 
system 

Immunocytochemistry 
enzyme assay 

84, 89 


Lepidopleurus asellus 

Central nervous system 

Immunocytochemistry 

84 


Lymnaea magnalis 

Central nervous system 

Immunocytochemistry 

83 


Lymnaea stagnalis 

Central nervous system, 
peripheral nervous system 

Immunocytochemistry 

82, 87 


Mytilus edulis 

Pedal ganglia, cerebral ganglia 

Immunocytochemistry, HPLC, 
amino acid sequencing 

90, 91 

Met-Enk-Iike 

Achat ina fulica 

Cerebral ganglia, visceral ganglia, 
nerves and ganglion cells of 
posterior intestine, parietal ganglia 

Immunocytochemistry 

80, 81 


Acmaea testiidinalis 

Peripheral nervous system 

Immunocytochemistry 

84 


Aplysia californica 

Central nervous system 

Immunocytochemistry 

83 


Cepaea nemoralis 

Brain neurons, peripheral 
nervous system 

Immunocytochemistry 

84 


Helix aspersa 

Gonads, peripheral nervous system 

Immunocytochemistry 

84, 85 


Helix pomatia 

Central nervous system 

Immunocytochemistry 

83 


Lepidopleurus asellus 

Central nervous system 

Immunocytochemistry 

84 


Lit tor ina littorea 

Peripheral nervous system 

Immunocytochemistry 

84 


Lymnaea magnalis 

Central nervous system 

Immunocytochemistry 

83 


Lymnaea stagnalis 

Cerebral ganglia, pedal ganglia, 
central nervous system 

Immunocytochemistry, 

HPLC 

79, 87 


Mytilus edulis 

Pedal ganglia, cerebral ganglia 

Immunocytochemistry, HPLC, 
amino acid sequencing 

90, 91 


Octopus vulgaris 

Vena cava neurohaemal organ, 
neurosecretory cells of the brain 

Immunocytochemistry 

93, 94 

Met-Enk-Arg‘'-Phe^ 

Mytilus edulis 

Cerebral ganglia, pedal ganglia 

Immunocytochemistry, HPLC 

92 


Octopus vulgaris 

Vena cava neurohaemal organ, 
neurosecretory cells of the brain 

Immunocytochemistry 

94, 95 

ACTH 

Lymnaea stagnalis 

Central nervous system 

Immunocytochemistry 

87 

1-24 ACTH 

Helix aspersa 

Retina, ganglionic cells, some 
spermatogenic cells 

Immunocytochemistry 

85, 88 


Planorbis corneus 

Brain 

Immunocytochemistry 

86 

17-39 ACTH 

Helix aspersa 

Young oocytes, nerve fibres 
surrounding each gonadal acinus 
and hermaphrodite duct 

Immunocytochemistry 

85 

a-MSH 

Helix aspersa 

Retina, ganglionic cells, young oocytes 

Immunocytochemistry 

85,88 


Lymnaea stagnalis 

Central nervous system 

Immunocytochemistry 

87 


Planorbis corneus 

Brain 

Immunocytochemistry 

86 


HPLC: high-performance liquid chromatography. 


or naloxone. Their behaviour and temperature prefer¬ 
ence were recorded following their return to pretreat¬ 
ment locations in a thermal gradient with a low 
temperature of 20°C and a high temperature of 40°C. 
Prior to drug treatment, the larvae showed a preference 

664 


for a temperature of about 32°C. After injection, animals 
given morphine or Met-Enk moved towards higher tem¬ 
peratures whereas those receiving naloxone did not. 
Larvae receiving p-endorphin displayed no consistent 
changes in thermal preference. The changes in preferred 
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temperatures that took place were evident for approxi¬ 
mately 1 h, after which animals returned to the pretreat¬ 
ment preference temperature^"^. 

Immune response. Among recent developments in the 
elucidation of opioid activities in nonnervous cells and 
tissues, endogenous opioids in the immune system are 
receiving the greatest attention in insects. The endoge¬ 
nous opioids in Leucophaea maderae appear to influ¬ 
ence the autoregulatory activities of immunocompetent 
cells. These activities include the adherence and migra¬ 
tory behaviour of these cells^^. There is evidence for the 
presence in immunocytes, as well as in cell-free haemo- 
lymph, of Met-Enk, which appears to be involved in 
immunoregulatory activities, perhaps by interaction with 
a special subtype of delta receptor. Moreover, the 
naloxone has an inhibitory effect on these processes, 
which indicates that they are receptor-mediated^^. Thus, 
there appears to be a link between the neuroendocrine 
and the ‘immune’ system in insects^^. 

Mollusca 

Identification and localization 

Tremblay et seem to have been the first investiga¬ 
tors to demonstrate the action of an opiate peptide in a 
mollusc. Injection of morphine into the gastropod 
Aplysia californica decreased the available neuro- 
transmitter, acetylcholine. Erdelyi et al'^^ demonstrated 
that in the snail Helix pomatia Leu-Enk induces hyper¬ 
polarization of some neurons in the brain, and naloxone 
administration antagonizes the action of this opioid. 
These results suggest the presence of an endogenous 
opioid system in gastropod molluscs. By use of immu- 
nocytochemical techniques, a very detailed study of the 
immunoreactive material present in the central nervous 
system of the pond snail Lymnaea stagnalis has been 
performed by Schot et al.^^. However, Met-Enk-like 
material was observed only in the cerebral and pedal 
ganglia. In each cerebral ganglion a cluster of 10-15 
immunoreactive cells lies fai the mediolateral part of the 
ganglion; another cluster (6-10 cells) is just dorsal to 
the lateral lobe. In addition, two positively reacting cells 
were observed in the medioventral area. Numerous 
positive axonal terminals were seen along the entire pe¬ 
riphery of the cerebral commissure. In each pedal gan¬ 
glion a group of 31-^0 immunoreactive cells, located 
laterally, show a positive reaction for Met-Enk. A sec¬ 
ond group (8-10 cells) lies in the ventromedial area of 
the ganglion. Such immunocytochemical studies have 
been extended to other molluscs. Table 3 summarizes 
the evidence for the presence of opioids in various 
molluscs so far investigated^^"^^’^^"^^. Using HPLC, Le¬ 
ung et al^^ identified a substance in the abdominal 
ganglion of Aplysia californica that was able to displace 
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DAMA. In the nervous system of Mytilus, evidence was 
obtained for two classes of opioid-binding sites in nerv¬ 
ous tissue^^’^^. It was suggested that the two binding 
sites may be associated with presynaptic and postsynap- 
tic receptor sites for the opioids, or possibly with differ- 

^ Qg 

ent pharmacological subtypes of receptors . 

Functions 

Behaviour. In the land snail Helix pomatia morphine 
induces a state of immobilization and muscle rigidity, 
resulting in a loss of the righting reflex. These effects 
are reversible by naloxone treatment®®’^®®. This behav¬ 
ioural effect of morphine is reduced as treatments prog¬ 
ress for four days and reoccurs if a higher dose of 
morphine is given on the fifth day, thus demonstrating 
that tolerance has occurred. It was suggested that in 
these molluscan behavioural responses enkephalins can 
mediate sensory neurotransmission*®’. Electrophysi- 
ologically, opioids are known to elicit a variety of ac¬ 
tions in molluscan neurons, including both excitatory 
and inhibitory responses, some of which are naloxone- 
reversible and some that are The first report 

of the effect of an opioid in an invertebrate appears to 
be that of Stefano and Hiripi^®^, in which they describe 
an increase in the intraganglionic level of DA in re¬ 
sponse to Met-Enk and Leu-Enk in Mytilus edulis. 
Naloxone blocked the effects of Leu-Enk and Met-Enk. 
These responses displayed a time-dependent desensiti¬ 
zation to Met-Enk. With the freshwater bivalve Ano- 
donta cygnea, Stefano and Hiripi^^^ also found an 
increase in the DA level in the cerebral ganglia after 
injection of Met-Enk or morphine. Furthermore, both 
agents increased the levels of cyclic GMP and depressed 
the levels of cyclic AMP, The pharmacological effects 
on DA and the cyclic nucleotide levels are blocked by 
prior treatment of the cerebral ganglia with naloxone. 
The data suggest that the decrease in the cyclic AMP 
concentration caused by the opiates may be a result of 
inhibition of adenylate cyclase Aiello and Hager^^^ 
showed that tire ^>pli^ion ^ mbpphine to die visceral 
ganglion of Mytilus edulis is cilioexcitatory to the lateral 
cells of the gills, and this is most likely a result of de¬ 
creasing the release of DA from cilioinhibitory fibres in 
the ganglion. Acetylcholine (ACh) has been proposed as the 
excitatory neurotransmitter for stimidation of tonic contrac¬ 
tion of the anterior byssus retractor muscle of Mytilus. 
Morphine at concentrations of lO'^-lO'^ M increased mark¬ 
edly the contraction induced by ACh (ref 109). 

In the snail Helix pomatia^ a number of identified neu¬ 
rons regulate visceral functions, and they react selec¬ 
tively to Leu-Enk and morphine; some become 
depolarized whereas others are hyperpolarized^^®. These 
peptides modulate the effect of ACh and 5-HT. It is 
known that a combination of low molecular weight neu- 
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rotransmitters and peptides modulates the elementary 
form of learning in Helix, such as regulation of various 
rhythmic processes, including movements of the pneu- 
mostoma^^^ In this snail, Leu-Enk modulates the 5-HT 
effect on the habituating central neurons through a cy¬ 
clic 3^-5'-AMP system both in situ and in vitro. The 
habituating cells are connected to the regulation of vari¬ 
ous rhythmic processes, including pneumostoma 
(respiratory orifice) movements. In the pteropod mollusc 
Clione limacina, sensitivity to some tactile inputs can be 
decreased by naloxone, and it is suggested that in these 
behavioural responses enkephalins mediate sensory 
transmission 

Respiration. Moroz^^^ reported that 5-HT activates the 
respiratory rhythm in the snail Lymnaea stagnalis, v/hilQ 
enkephalin acts to limit this feedback system. In the 
marine gastropod Aplysia californica, which uses gill 
respiration, Met-Enk inhibits gill movements^^l Fur¬ 
thermore, in this species it is known that 5-HT is able to 
activate gill movementsDyakonova^^^’^^^ presented 
clear evidence for central systemic effects of Met-Enk 
and 5-HT in Helix pomatia. She showed that Met-Enk 
and 5-HT are able to induce slow oscillation of the 
membrane potential in a group of respiratory neurons. 
Synchronization of the activity between the neurons in 
the cluster appeared to be due to an increase of electri¬ 
cal coupling between the cellsThis suggested that 
Met-Enk might be involved in modulation of respiratory 
programmes, including the central respiratory generator. 
For another snail, Lymnaea stagnalis, Moroz and Win- 
low^^^ reported that Met-Enk inhibits the 5-HT-induced 
respiratory rhythm during the first few minutes after this 
opioid is administered. Later, Met-Enk (5-30 min after 
its administration) induces slow oscillation of the mem¬ 
brane potential in central neurons related to the respira¬ 
tory programme. More recently, Dyakonova et al.^^^ 
studied the effect of Met-Enk on electrical coupling 
between molluscan neurons, using isolated brains of 
Helix and Lymnaea. In the presence of both 5-HT and 
Met-Enk, nonrectifying electrical coupling is strongly 
facilitated between identified respiratory neurons in He¬ 
lix, while coupling between 5-HT-containing ciliomoto- 
neurons in Lymnaea is facilitated by Met-Enk alone. 
These data suggest that Met-Enk can modulate different 
groups of electrically coupled cells and may be involved 
in coordination of motor patterns 

Feeding. Administration of morphine resulted in sig¬ 
nificant dose-dependent increases in the ingestive re¬ 
sponses of food-deprived slugs Limax maximus, and in 
the initiation of feeding in satiated animals These 
effects could be blocked by naloxone, with naloxone by 
itself causing a significant decrease in feeding by food- 
deprived slugs. These results suggest that opioids are 
involved in the control of feeding behaviour of the 
slugs. 
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Thermoregulation. Terrestrial snails are ectotherms, 
their body temperatures being dependent on the ambient 
temperature. The terrestrial snail Cepaea nemoralis, 
when placed on a 40°C hot plate, lifts the anterior por¬ 
tion of its foot. The latency of this response is affected 
by morphine and naloxone^^V Administration of mor¬ 
phine resulted in a significant dose-dependent increase 
in the temperature selected by the snail in a thermal 
gradient. These thermoregulatory effects could be 
blocked and reversed by naloxone, with the opiate an¬ 
tagonist by itself causing a significant decrease in the 
preferred temperature After 6-10 days of daily ad¬ 
ministration of morphine, Cepaea nemoralis displayed 
tolerance; the effect of morphine decreased and the 
thermal preferences of the snails administered morphine 
became similar to those of saline-treated individuals. 
These results indicate that the opiate system plays a 
thermoregulatory role in molluscs. With the same spe¬ 
cies of snail, Kavaliers and HirsE"^ observed temperature 
responses similar to those produced by morphine when 
the snails were treated with Met-Enk or P-endorphin. 
Naloxone antagonized the effects of these peptides. Re¬ 
cently, Kavaliers and Ossenkopp^^^ reported that repeated 
naloxone treatments and exposure to weak (60 Hz) mag¬ 
netic fields brought about a hypoalgesic response to ther¬ 
mal nociceptive stimuli in Cepaea nemoralis. 

Opioids in the aging process. Age-related changes in 
the opioid system of Mytilus edulis were detected by 
Stefano^^"^. He studied the opioid binding profile in ag¬ 
ing pedal ganglia. The high-affinity binding site density 
is significantly lower in older animals than in younger 
ones, whereas the low-affinity site density remains un¬ 
changed. The estimated Met-Enk and Met-Enk-Arg^- 
Phe^ levels were significantly higher for the older ani¬ 
mals than for the younger ones. The decrease in the 
high-affinity binding site density and the corresponding 
increase in endogenous enkephalin levels suggest the 
existence of an opioid compensatory mechanism asso¬ 
ciated with the aging process^^^. 

Immune responses. Ottaviani et al.^^^ have demon¬ 
strated that in the gastropod Planorbarius corneus 
ACTH (1-24) and p-endorphin can stimulate haemocyte 
locomotion and phagocytosis under stress. 

Annelida 

Localization and distribution 

The earliest information concerning the presence of 
opioid peptides in annelids was produced by Alumets et 
aO^’^ and Remy and Dubois^^^, who studied earthworms. 
Using immunocytochemistry, Alumets et al)^^ demon¬ 
strated the presence of immunoreactive Leu-Enk-like 
material in the cerebral ganglia and cerebral connectives 
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Table 4. Identification and localization of opioid-like peptides in annelids 

Peptide 

Species 

Localization 

Techniques 

References 

Leu-Enk-iike 

Eisenia foetida 

Neurons of the brain 

Immunocytochemistry 

132 


Haemopis marmorata 

Segmental ganglia 

Immune cytochemistry 

135, 137 


Lumbricus terrestris 

Cerebral ganglia, cerebral 
connectives, suboesophageal 
ganglia, ganglia of the nerve cord, 
central nervous system, gut, seminal 
vesicle, body wall tissue, epidermis, 
nerve cord 

Immunocytochemistry, 

RIA 

127, 130, 133 


Nereis diversicolor 

Central nervous system, peripheral 
nerves, oocytes, spermatocytes 

Immunocytochemistry 

140-144 


Theromyzon tessulatum 

Central nervous system, proboscis, 
foregut 

Immunocytochemistry 

138 

Met-Enk-like 

Eisenia foetida 

Neurons of the brain 

Immunocytochemistry 

132 


Hirudo medicinalis 

Brain neurosecretory cells, fibres 
within the neuropil of the brain 

Immunocytochemistry 

136 

•- 

Lumbricus terrestris 

Central nervous system, gut, 
seminal vesicles, body wall tissue, 
epidermis, nerve cord 

Immunocytochemistry, 

RIA 

130,133 


Nereis diversicolor 

Central nervous system, peripheral 
nerves 

Immunocytochemistry 

140-142 

a-Endorphin 

Dendrohaena subrubicunda 

Suboesophageal ganglia 

Immunocytochemistry 

128 


Nereis diversicolor 

Central nervous system, peripheral 
nerves 

Immunocytochemistry 

140-142 

p-Endorphin 

Lumbricus terrestris 

Cerebral ganglia, cerebral 
connectives, suboesophageal 
ganglia, ganglia of the nerve cord 

Immunocytochemistry 

127,131 


Nereis diversicolor 

Central nervous system, peripheral 
nerves 

Immunocytochemistry 

140-142 

a-Neoendorphin 

Theromyzon tessulatum 

Central nervous system, proboscis 

Immunocytochemistry 

138 

Dynorphin 

Eisenia foetida 

Neurons of the brain 

Immunocytochemistry 

132 


Nereis diversicolor 

Central nervous system, peripheral 
nerves, oocytes, spermatocytes 

Immunocytochemistry 

140-142 


Theromyzon tessulatum 

Central nervous system, proboscis 

Immunocytochemistry 

138 

ACTH-like 

Dendrobaena 

subrubicunda 

Cerebral ganglion 

Immunocytochemistry 

129 


Lumbricus terrestris 

Epidermis, nerve cord 

Immunocytochemistry 

134 


Nereis diversicolor 

Central nervous system 

Immunocytochemistry 

144 


Theromyzon tessulatum 

Brain 

Immunocytochemistry 

139 

MSH 

Lumbricus terrestris 

Epidermis, nerve cord 

Immunocytochemistry 

134' 

a-MSH 

Theromyzon tessulatum 

Brain 

Immunocytochemistry 

139 

P-MSH 

Nereis diversicolor 

Central nervous system 

Immunocytochemistry 

144 


RIA: radioimmunoassay. 


of Lumbricus terrestris. They also observed in some, but 
not all, of the specimens immunoreactive Leu-Enk»like 
material in the suboesophageal ganglion and the ganglia 
of the nerve cord. Cells immunoreactive to P-endorphin 
have a distribution similar to those of the enkephalin, 
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but differ in number and size. X^iummary of such local¬ 
ization studies^^^"^"^"^ as well as distribution of opioid 
peptides in other annelids are presented in Table 4. 

Physiological evidence for the existence of opioid re¬ 
ceptors in the leech has been reported by Flanagan and 
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Zipser^^^. Homogenates of the nerve cord of the leech, 
Haemopis marmorata, display saturable binding of 3H- 
(D-AlaL)-Met-Enk. 

Functions 

Behaviour. Leeches respond behaviourally to externally 
applied morphine and to morphine injections. Kaiser'"^^ 
reported that morphine produces a biphasic hyperki¬ 
netic-quiescent locomotory response in free-swimming 
Hirudo medicinalis. Flanagan and Zipser^^^ found a simi¬ 
lar biphasic response in another leech, Haemopis mar- 
morata, that was injected with morphine. Control animals 
injected with saline were initially hyperactive after injec¬ 
tion, but rapidly reattached themselves to the wall of the 
holding tank and remained highly responsive to subse¬ 
quent tactile stimulation. Morphine-injected leeches were 
also initially hyperactive, but after 5-10 min they fell to 
the bottom of the tank and remained unresponsive to all 
but the most extreme tactile stimulation for a period of 4 
days. These animals fully recovered by day 5. This behav¬ 
ioural effect appears to have been due to inhibition of 
synaptic transmission by morphine, Gardner and 
Walker^"*^ reported an inhibitory effect of morphine on the 
Retzius cells of Hirudo medicinalis. Other evidence from 
Hirudo medicinalis and Haemopis marmorata suggests 
that the enkephalins are acting either as primary neuro¬ 
modulators or as sensory neurotransmitters 

Feeding. Kaloustian and Rzasa^^^ using radioimmuno¬ 
assay found the highest concentrations of Met-Enk-like, 
Leu-Enk-like and p-endorphin-like material in the re¬ 
gion of the gut which contains high digestive enzyme 
activity of Lumbricus terrestris. isolated gut treated 
with these opioids showed significant decreases in its 
contractile properties. It appears that these opioids exert 
their effects by modulating the action of DA, resulting 
thereby in an increased transit time for food in areas of 
the gut with high digestive enzyme activities, hence en¬ 
hancing the digestive process. 

Reproduction. Experiments were done with Nereis di¬ 
versicolor to determine whether dynorphin may have a 
role in the control of reproduction^'*'^. The basis for these 
experiments was the presence of this opioid in the in¬ 
fracerebral neurohemal area of the cerebral ganglia. 
Parapodia in which spermatogenesis was proceeding 
were incubated in sea water containing dynorphin. How¬ 
ever, no effect on spermatogenesis was observed. Thus, 
it seems likely that if dynorphin-like peptides have a 
role in reproduction, they do not act directly on the 
spermatocytes, in contrast to the direct action of 
'nereidiif (a brain neuropeptide that inhibits the matu¬ 
ration of spermatocytes in nereids)*'**^. Therefore, if 
these dynorphin-like peptides have any role in repro¬ 
duction, it is only to function as neurotransmitters to 
control the release of reproductive hormones. 


Other invertebrates 

Immunocytochemical evidence for the occurrence of 
opioid peptides in invertebrates other than annelids, ar¬ 
thropods and molluscs is rather scarce. Compounds 
similar to ACTH (1-39) and p-endorphin have been 
detected in the protozoan Tetrahymena pyriformis^^^. 
Roth et al.^^^ reported that opioid peptides alter the 
feeding behaviour of the amoeba, with the response be¬ 
ing blocked by naloxone. Venturini et a/. *^*’*^^ detected 
Met-Enk-like immunoreactivity in neuronal perikarya 
and in neuropil in the planarian Dugesia gonocephala. 
In this planarian naloxone induces a dose-dependent rise 
in the cAMP level while morphine decreases cAMP. 
Morphine treatment decreases the motility of this planar¬ 
ian whereas naloxone treatment induces screw-like hy¬ 
perkinesis. Treatment with dopaminergic agonists (L- 
dopa, apomorphine) induces typical screw-like hyperki¬ 
nesis, whereas after treatment with reserpine and halop- 
eridol all the planarians became motionless, a response 
similar to that after treatment with morphine. A model 
for interactions between dopaminergic and enkephalin- 
ergic neurotransmission and/or neuromodulation was pro¬ 
posed that involved inhibitory modulation of opiates on DA 
release*^^. Romero et al reported that Met-Enk decreased 
the mitotic rate of adult planarians during regeneration 
while substance P was stimulatory. Immunocytochemical 
studies showed the presence of Met-Enk within the central 
and peripheral nervous systems of this planarian. 

Piccoli et al.^^ made a study of the presence of en¬ 
dogenous Met-Enk and Leu-Enk in 11 species of marine 
organisms ranging from sponges to tunicates. Extracts 
from whole-animal tissues of the sponge Dysidea 
avaria, the cnidarians Anemonia sulcata, Pelagia nocti- 
luca, Rhyzostoma pulmo, and the tunicate Ciona intesti- 
nalis were found to contain opioid peptides. Remy and 
Brossard*^"* observed immunoreactivity to Met-Enk in 
the cephalic nervous system of two species of ne- 
merteans, Lineus viridis and Lineus ruber, but in the 
ventral ganglia, Met-Enk-like material is rather scarce. 
Colon-Urban et al.^^^ suggested that endogenous opioids 
in various bryozoans {Bugula neritina and Membra- 
nipora sp.) play a role in the organisms’ motor mecha¬ 
nism. Morphine inhibits tentacle activity, an effect which 
can be blocked by prior or concomitant naloxone applica¬ 
tion. Engbretson and Chamberlain*^^ reported positive 
immunoreactivity to Leu-Enk in fibres of the optic me¬ 
dulla of the horseshoe crab Limulus polyphemus. 

Conclusions 

Although the study of endogenous opioid peptides in 
invertebrates is still at an early stage, the data presented 
in this review support the view that such molecules are 
present throughout the invertebrate phyla and have a 


668 


CURRENT SCIENCE, VOL. 69, NO. 8, 25 OCTOBER 1995 


REVIEW ARTICLES 


long evolutionary history. The application of immunocy- 
tochemical techniques has greatly influenced opioid re¬ 
search in invertebrates. Despite an impressive amount of 
research in invertebrates, for many of the species stud¬ 
ied the functional significance of these opioid peptides 
and the mechanisms underlying their action remain elu¬ 
sive. The biochemical, physiological and pharmacologi¬ 
cal characterization of opioid peptides needs a careful 
study in order to strengthen our knowledge about their 
actual role in the physiology of invertebrates. Another 
important area that merits much attention is the identifi¬ 
cation and purification of the receptors for opioid pep¬ 
tides in invertebrates. Elucidation of the molecular 
structures of the opioid receptors will open new avenues 
for the evaluation of the molecular aspects of opioid 
receptor function. 

A challenging phenomenon of current opioid research 
in higher animals, including mammals, is the colocali¬ 
zation of opioid peptides with nonopioids and classical 
neurotransmitters in the same nerve terminal. The rap¬ 
idly increasing data on this issue show a bewildering 
complexity, which is presently difficult to understand in 
the mammalian nervous system. Simple models using 
invertebrates may be more suitable to unravel the nature 
of the putative interactions between opioid peptides and 
classical neurotransmitters. Finally, invertebrate opioid 
research may have practical applications to help control 
harmful organisms, such as insect pests and barnacles. 
Knowledge of the neurochemistry of the opioids in the 
invertebrates could lead to the discovery of novel ways 
to inhibit reproduction and growth of these organisms. If 
opioid peptides are important regulatory agents in me¬ 
tabolism, then it might be possible to devise methods of 
breaking particular links in the synthesis of these com¬ 
pounds, and research directed along these lines could 
provide us with much-needed compounds for the control 
of invertebrate pests. 
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The understanding of biogeochemical cycling of carbon 
dioxide and nitrous oxide in the oceans is essential for 
predicting the fate of anthropogenically emitted compo¬ 
nents. The North Indian Ocean, with its diverse re¬ 
gimes, provides us with a natural laboratory that can 
unravel the mechanisms controlling these gases with 
implications for the global aquatic bodies. In this review 
we discuss the anthropogenically impinged global budg¬ 
ets for these gases, summarize our results, largely col¬ 
lected under the Global Change Programme from the 
North Indian Ocean and evaluate the contributions 
from this region to the global sea-to-air fluxes. 


Over the geological times the earth system has been at its 
steady course towards attaining a steady state with respect 
to quantities and fluxes of materials in and among various 
reservoirs (i.e. land, ocean and atmosphere). Man’s efforts 
for the betterment of his living standards have led to an 
unprecedented interference in the natural processes of this 
system in recent times. The localized pollution on land or 
in water bodies affects the biogeochemical processes 
largely locally, whereas the pollutants released to the at¬ 
mosphere would be of global significance. 

The rising levels of gases such as carbon dioxide 
(CO 2 ), nitrous oxide (N 2 O), methane (CH4) and freons 
(chlorofluorocarbons) in the atmosphere have been rec¬ 
ognized not only to change the natural balances of car¬ 
bon and nitrogen but also affect climate and human 
health^ The accumulation of these gases in the atmos¬ 
phere enhances the greenhouse effect by absorbing the 
infrared radiation and leads to stratospheric ozone de¬ 
pletion. Nitrous oxide is 200 times more effective as a 
greenhouse gas, on per mole basis, compared to CO 2 , 
but, due to a much lower concentration, it accounts for 
only about 5% of the total warming effect^. Under the 
International Geosphere-Biosphere Programme (IGBP) 
‘A study of global change’, a lot of studies are being 
carried out globally on biogeochemical processes in¬ 
volving the greenhouse gases. We provide here a syn¬ 
thesis of the available data on CO 2 and N 2 O cycling in 
the North Indian Ocean, largely generated as a result of 
our participation in the IGBP, in the context of global 
biogeochemical cycles. 


Global balance of impinged CO2 and N2O 

The atmospheric CO 2 and N 2 O concentrations are in¬ 
creasing at annual rates^ of 0.5% and 0.2%, respectively. 
The major anthropogenic activities contributing to the 
observed increases are fossil fuel combustion, use of 
fertilizers and deforestation. Of the total CO 2 released 
(7.3 X 10^ Mt C yr"^), 3.4 x 10^ Mt C yr~’ is accumulat¬ 
ing in the atmosphere whereas 2 x 10^ Mt C yr“^ is be¬ 
ing removed by the oceans^ (Figure 1 a). However, there 
is considerable controversy regarding the amount asso¬ 
ciated with deforestation (1.9 x 10^ Mt C yr"^), which at 
present is attributed to an unknown sink or unaccounted 
recycled carbon accumulation in soils^. The increase in 
carbon fixation on land, due to the use of nitrogen fertil¬ 
izers, has not so far been included in the carbon budget. 
It may account for the missing carbon^ to some extent. 
For instance, the agricultural nitrogen fixation in 1974 is 
estimated"* to be about 39MtNyr"*; this accounts for 
0.65 X 10^ Mt C yr“*, with a C:N ratio of 19:1 for terres¬ 
trial plant material. Thus, this increased carbon fixation 
could roughly account for at least 34% of the presently 
missing carbon. 

The land-to-air fluxes of N 2 O (Figure 1 b) are essen¬ 
tially closer to the lower ranges given by Yoshinari^ 
(cultivated soils, fertilized soils, unfertilized soils, 
tropical forests and temperate forests account for 2.0, 
3.0, 4.5, 5.8 and 3.0 MtN yr“\ respectively), to which 
the flux (0.03 Mt N yr"^) from watershed regions^ was 
added in this attempt. The fossil fuel combustion and 


CARBON DIOXIDE NITROUS OXIDE 



Figure 1. Global budgets for: a, anthropogenic component (only) of 
CO 2 ; and b, human-influenced total N 2 O. CO 2 figures are in Gt C yr"' 
(10‘^ g C yr‘‘) and those of N 2 O are in Mt N yr“‘(10‘^ g N yr'*). 
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biomass burning contribute^ 0.5 and 0.3MtNyr“\ re¬ 
spectively, wherein nylon production results in an emission^ 
of 0.42 Mt N yr"^ We evaluated the fluxes from coastal 
wetlands and marshes to be 0.1 MtN yr“^ based on the 
data of de Angelis and Gordon^, The upwelling zones 
gives a flux^^ of l.OMtNyr”^ while, the open ocean 
gives at least 3.0 Mt N yr~\ which is closer to that given 
by Yoshinari^, though the values in the literature vary 
over a wide range (1-44.5 MtN yr“^). The only known 
sink for N 2 O is its photolytic decomposition in the 
stratosphere (Figure I b). After accounting for its strato¬ 
spheric loss and atmospheric accumulation, we find that 
about 9.7MtNyr“^ is not balanced (Figure 1 b). This 
reveals that either the fluxes, especially from land, are 
overestimated or there could be an unknown sink, as in 
the case of carbon, but which is unlikely. 


The unique North Indian Ocean 

The presence of the Asian landmass, which bounds the 
Indian Ocean at relatively low latitudes, makes the 
North Indian Ocean geographically distinct. The Indian 
peninsula bifurcates the North Indian Ocean into two 
hydrographically and climatologically different water 
bodies - the Arabian Sea and the Bay of Bengal. The 
Arabia Sea occupies an area of 6.225 x 10^ km^ while 
the Bay of Bengal covers 4.087 x 10^ km^ excluding the 
Laccadive and Andaman seas. Seven major rivers flow 
into the Bay of Bengal (Brahmaputra, Ganges, Irrawady, 
Godavari, Mahanadi, Krishna and Kaveri) whereas three 
pour into the Arabian Sea (Indus, Narmada and Tapti). 
These rivers carry 1625 x 10^ and 301 x lO^m^yr ' of 
fresh water and 1387 x 10^ and 195 x 10^ tons yr ^ of 
suspended solids, respectively, into the Bay of Bengal 
and the Arabian Sea^^ In addition to the smaller run-off, 
excess evaporation in the Arabian Sea leads to a nega¬ 
tive water balance^^. 

The North Indian Ocean is among the more productive 
parts of the oceans with a surface production (upper 1 m 
layer) amounting to 112MtCyr”^ (ref. 13). The pro¬ 
ductivity is particularly high in the Gulf of Oman and 
off the coasts of Arabia, Somalia and Southwest India in 
the Arabian Sea and off the Southeast Indian Coast, 
Visakhapatnam, Sri Lanka and Burmese coasts in the 
Bay of Bengal. An anomalous feature of the oceanogra¬ 
phy of the Indian Ocean is that the zones of intense up- 
welling occur not along the eastern boundary, as hap¬ 
pens in the Pacific and the Atlantic Oceans, but in the 
northwestern parts off the Somali and the Arabia coasts. 
Consequently, the column productivity in the Arabian 
Sea is much higher compared to that in the Bay of Ben¬ 
gal. The high productivity causes intense oxygen de¬ 
mand in the subsurface layers. Due to this, the water 
column in the Arabian Sea experiences severe oxygen 
depletion, resulting in the onset of reducing conditions, 


thus making the North Indian Ocean one of the most 
important denitrification sitesin the world. 


Carbon dioxide in the North Indian Ocean 

A higher rate of biological production in the Arabian 
Sea compared to that in the Bay of Bengal coupled with 
the different hydrographies of the two regions causes 
vast differences in the biogeochemical cycling in subsur¬ 
face waters. Although the entire North Indian Ocean 
experiences a severe oxygen depletion at mid-depths, 
the oxygen minimum layer is not only much more 
thicker in the Arabian Sea but is also far more intense. 
Consequently, while the Arabian Sea experiences deni¬ 
trification within a large volume of intermediate waters, 
the Bay of Bengal is not an active water column denitri¬ 
fication site^^. Denitrification is the most intense in the 
northeastern and central parts of the Arabian Sea. An 
intermediate particle maximum (as inferred from the 
vertical profiles of the beam attenuation coefficient, 


Beam Attenuation (m'h ETS (neq/l/h) 



Figure 2. Profiles of beam attenuation coefficient (BAC), nitrite 
(NO2), particulate protein (PP) and electron transport system (ETS) 
activities at a station in the central Arabian Sea. 



Figure 3. Relation between dissolved organic carbon (DOC) and 
nitrate deficit in the Arabian Sea. 
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BAG) has been found’’ to be associated with denitrifi¬ 
cation in the Arabian sea; particulate protein (PP) and 
activity of the respiratory electron transport system 
(ETS) also showed maxima (Figure 2; data collected 
during February 1992 on FORV Sagar Sampada Cruise 
98) within the denitrifying layer. The raining particulate 
organic carbon from the overlying waters seems to be 
insufficient to support the measured metabolic rates, 
thus underscoring the role of organic carbon supplied 
through lateral processes in fuelling subsurface respira¬ 
tion within the oligotrophic central regions of the Ara¬ 
bian Sea”. This view is augmented by the observed nega¬ 
tive relation'^” between DOC and inorganic nitrate deficits 
(Figure 3). The DOC levels are lower in the north than in 
southern Arabian Sea probably owing to the faster utili¬ 
zation and turnover of this form of carbon. Consequently, 
the total carbon dioxide (TCO 2 ) is also found to be in- 
versely related to the DOC in the Arabian Sea . 

In the subsurface layers the TCO 2 is higher in the 
North than in the South Arabian Sea because of the in¬ 
creased respiration rates in the northern region and also 
due to the aging of waters as they move northward. In 
the Bay of Bengal, on the other hand, there occur negli¬ 
gible north-south gradients in TCO 2 and O 2 , presumably 
due to a much lower rate of organic decomposition 
within the water column from a combination of lower 
biological productivity and rapid settlement of organic 
matter through the water column, consequent to its in¬ 
corporation into rapidly sinking terrigenous material. 
The increase in TCO 2 with depth is due to the decom¬ 
position of organic and inorganic materials. Surpris¬ 
ingly, in spite of the differences in productivity between 
the Arabian Sea and the Bay of Bengal and the rapid 
settlement of organic matter in the latter region, the 
levels of TCO 2 are almost the same (Figure 4 a^b). 
Sinking fluxes of organic matter ranged between 2.04 
and 3.59 g C m~^ yr'^ in the Bay of BengaP\ while they 
varied from 1.53 to 1.80gCm~^yr^ in the Arabian 
Sea^“. These differences, due to organic matter decom¬ 
position, could be balanced by increased contribution of 
skeletal dissolution to TCO 2 in the Bay of Bengal deep 
waters. Approximately 40-50% of the TCO 2 difference 
(at depths >1 km) between latitudes 10° and ~20°N in 
the Arabian Sea is accounted for by skeletal dissolution, 
but this mechanism is responsible for -85% of TCO 2 
increase between latitudes 11° and 18°N in the Bay of 
BengaP^. The prevailing reducing conditions lower the 
pH levels in the Arabian Sea as compared to those in the 
Bay of Bengal. As a result, the intermediate waters in 
the former region are more corrosive to skeletal car¬ 
bonate materials than those in the latter^^. Interestingly, 
skeletal dissolution is relatively morp in the north and 
eastern parts than in the south and western regions of the 
Arabian Sea^"^. 

The pH within the oxygen minimum zone is generally 
lower than in other layers and hence the carbonate 
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Figure 4. Distribution of total CO 2 (|iM) in: a, Arabian Sea; b. Bay 
of Bengal. 


equilibrium tends to shift relatively more towards the 
formation of carbonic acid. This increases the partial 
pressure of CO 2 (PCO 2 ) in this zone, although the TCO 2 
concentrations are higher in the deep and bottom waters 
than in the oxygen-minimum zones (Figure 5 a,b). As 
the pH is considerably lower in the Arabian Sea than in 
the Bay of Bengal, the computed PCO 2 , based on pH 
and TCO 2 , is relatively higher in the former region^^. A 
maximum PCO 2 of nOO p-atm occurs in the oxygen- 
minimum zone of the central Arabian Sea while it is 
1100 patm in the central Bay of Bengal. The PCO 2 is 
higher by about 100 patm at any depth in the Arabian 
Sea than in the Bay of Bengal. 
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Figure 5. Distribution of pC02 (jiatm) in: a. The Arabian Sea; 
Bay of Bengal. 

Nitrous oxide in the North Indian Ocean 
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Figure 6. Nitrous oxide (nM) distribution in: a. The Arabian Sea; b. 
Bay of Bengal. 


Vertical profiles of N 2 O generally exhibit maxima 
within the oxygen-minimum zones. The most significant 
point revealed by Figure 6 (data from ref. 25) is the oc¬ 
currence of double maxima in N 2 O with a minimum in 
the intensely reducing intermediate waters of the north¬ 
eastern Arabian Sea^^’^^. Outside the denitrification 
zone, N 2 O exhibits a single peak coinciding with the 
oxygen minimum^^’^^. Consumption of N 2 O within the 
strongly reducing zones appears to produce the mini¬ 
mum in N 2 O within the denitrifying zone of the north¬ 
eastern Arabian Sea, while the maxima in N 2 O occur at 


the boundaries of this zone, particularly at the lower 
boundary with concentrations as high as 80 nM (Figure 
6 a). The N 2 O concentrations increase in the northward 
direction (Figure 6 b) in the Bay of Bengal, with a 
maximum of 80 nM (occurring to the west of the tran¬ 
sect shown in the figure). Maximum in the north corre¬ 
sponds to oxygen minimum. Although very low levels of 
oxygen are observed in subsurface layers of the north¬ 
ernmost Bay of Bengal, the absence of a secondary ni¬ 
trite shows that denitrification may not occur within the 
water column in this region. The occurrence of strong 
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sources and sinks of N 2 O in close proximity to each 
other is expected to lead to a very rapid turnover of N 2 O 
in this region, which may have important implications 
for the residence time and isotopic composition of oce¬ 
anic N 2 O. The relations between apparent N 2 O produc¬ 
tion and the apparent oxygen utilization are positively 
linear in different depth ranges in the Arabian Sea and 
the Bay of BengaF. The slopes estimated for the Ara¬ 
bian Sea are higher than those for the other oceanic re¬ 
gions implying that the rate of N 2 O production in this 
region is much higher^^ Based on the horizontal gradi¬ 
ents and that expected from oxygen utilized, significant 
quantities of N 2 O are expected to be consumed within 
the sediments^^’^^. 

The enhanced production of N 2 O in the subsurface layers 
leads to large vertical gradients within the upper thermo- 
cline and the consequent large fluxes into the surface layers 
through eddy diffusion. The Arabian Sea surface waters are 
relatively more supersaturated (average of 186%; refs 25, 

26) as compared to those in the Bay of Bengal (125%, re . 

27) . This higher saturation is related to higher vertical dif¬ 
fusion coefficients in the Arabian Sea (0.55 cm s ; ref 25) 
than in the Bay of Bengal (0.16 cm^ s ; ref 27), in the 
thermocline region. The suppressed vertical mixing in the 
Bay of Bengal is caused by strong thermohaline stratifica¬ 
tion caused by river run-off. 


Sea-to-air fluxes in the North Indian Ocean 

The differences between the concentrations observed at 
sea surface and those expected from the solubility calcu¬ 
lations, based on the abundance of these gases in the 
atmosphere, determine the magnitude and direction of 
gas fluxes between the atmosphere and the sea. The 
abundance of N 2 O and pC 02 in surface layers will be 
governed by the gradients in these properties below the 
surface mixed layer and the rate of vertical mixing. The 
levels of PCO 2 (Figure 5) and N 2 O (Figure 6) are higher 
within the oxygen-minimum zones in the North Indian 
Ocean sustaining large upward fluxes of these .gases 
across die theramdine. 

The fraction of CO 2 in air, in equilibrium with surface 
waters, over the Arabian Sea is calculated to be >0.6, 
which increases northward^'^. This also indicates that the 
Arabian Sea acts as a source of CO 2 to the at^spherS, 
in accordance with the earlier predictions . The 
higher pC 02 gradient between the deep and surface lay¬ 
ers in the Arabian Sea than that in the Bay of Bengal 
(Figure 5) results in higher average exchange rates in 
the former region (2.0 mmol m ^ d ) than in the latter 
(0.17 mmol m’^d"'); here an atmospheric CO 2 of 
350 iiatm was used. Within the Arabian Sea the fluxes 
are higher in the north than in the south. The overall 
atmospheric fluxes of CO 2 are much larger from the 
Arabian Sea (55 Mt C yr"') compared to those from the 


Bay of Bengal (3 Mt C yr”'). This difference arises from a 
combination of lower pC 02 gradient, lesser vertical diffu¬ 
sion coefficients and smaller area of the Bay of Bengal. 

A high degree of supersaturation of N 2 O in the surface 
waters of the North Indian Ocean results in significant 
evasion of this gas to the atmosphere. As in the case of 
CO 2 , the N 2 O in surface layers is also controlled by up¬ 
ward diffusion from the subsurface layers. The average 
emission rates for this gas are 4.46 itmol m"^ d"' in the 
Arabian Sea and 0.65 |J.mol m'^ d ' in the Bay of Ben¬ 
gal. These rates amount to N 2 O fluxes of 0.28 and 
0.03 Mt N yr“' from the Arabian Sea and the Bay of 
Bengal, respectively^^’^’. Hence, relatively large 
amounts of these greenhouse gases are emitted from the 
former region than from the latter. 

Budgets for CO2 and N2O in the North Indian 
Ocean 

In order to understand the biogeochemical cycling of an 
element it is essential to quantify its fluxes between 
various major reservoirs as well as between various 
compartments within a reservoir. The situation in the 




Figure 7. Budgets for; a, carbon; b, nitrogen (including N 2 O) in the 
Arabian Sea. 
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Indian Ocean is complicated by the presence of marginal 
water bodies that continuously exchange water and sol¬ 
utes with the Arabian Sea and with river run-off that 
brings in enormous amounts of inorganic and organic 
substances into the Bay of Bengal. Recently, attempts 
have been made to quantify the fluxes between various 
reservoirs in the Arabian Sea^^’^\ Figure 7 depicts the 
estimated net carbon and nitrogen fluxes into and out of 
the Arabian Sea. The flow of carbon into the Arabian 
Sea from the rivers is the only estimated external input 
(using an annual discharge rate of 238 km^ and an aver¬ 
age HCO3 concentration^^ of 12mgCr^), which is 
close to that (2.3 Mt C yr”’) evaluated earlier^^. The un¬ 
knowns are its influx from the atmosphere, inflow from 
the south of equator and upward diffusion of regener¬ 
ated CO 2 from the sediments. The biologically fixed 
carbon transported to subsurface Arabian Sea layers, 
through sinking of particulate organic material, is esti- 
mated^^’^^ to be about 47.6 Mt C yr~^ The estimated 
fluxes (Figure 7) reveal that the Arabian Sea serves as a 
source of CO 2 to the atmosphere and the surrounding 
bodies, the Persian Gulf and the Red Sea. Carbon is also 
supplied to the underlying sediments and to some extent 
to the South Indian Ocean. These estimates indicate that 
the Arabian Sea is constrained by a CO 2 deficit of 
~88 Mt C yr~\ In order to maintain the CO 2 in the Ara¬ 
bian Sea at steady state, this amount must be supplied 
from the south, through the inflowing bottom water, and 
from the atmosphere. 

As our state of understanding of the processes regulat¬ 
ing N 2 O in the Arabian Sea is still rudimentary, it is dif¬ 
ficult to work out the budget for this gas. Figure 7 shows 
the net fluxes of N 2 O together with those of nitro- 

25 30 31 33 ” 

gen ’ ’ ’ . In contrast to their negative contribution to 
CO 2 , the Persian Gulf and the Red Sea act as net sources 
of nitrogen to the Arabian Sea. The losses of nitrous 
oxide from the Arabian Sea amount to 2.5MtNyr"^ 
Hence, the Arabian Sea should produce an equal amount 
annually. 

The estimated carbon fluxes into the confluence zones 
of the rivers Ganges and Brahmaputra are 14.6 Mt C yr”^ 
and 17.1MtCyr“\ respectively^"^. The carbon input 
through dissolved and particulate organic forms from 
the Ganges amounts^'*’^" to 1.5-2.0 Mt C yr”^ The Bay 
of Bengal serves as a mild source of atmospheric N 2 O 
and CO 2 during the southwest premonsoon^^’“^ but as a 
sink for CO 2 during the northeast monsoon^^. 

Contribution of the North Indian Ocean to 
global air-sea fluxes 

The contribution of the North Indian Ocean to the global 
sea-to-air flux^ of CO 2 of 90 Gt C yr“^ appears to be 
small (0.06 Gt C yr“^). However, it amounts to about 5% 
of the efflux from global equatorial oceans. On the con¬ 


trary, the N 2 O emission from this region is globally sig¬ 
nificant as it is about 8% of the estimated atmospheric 
input from the oceans. However, the region under study 
is significantly influenced by the highly variable mon- 
soonal winds and intermittent cyclones. The transfer 
velocities of gases across the air-sea interface increases 
with increase in wind velocity. These transfer velocities 
have been computed to be enhanced seven times during 
the monsoon season compared to those during the non¬ 
monsoon seasons^^. However, all the estimates made so 
far, including those for global fluxes, are derived from 
observations made during the calm seasons and do not 
consider the stability of sea surface as well as contribu¬ 
tions from bubbles, and, hence, should be considered as 
underestimates. Further, the Arabian Sea experiences 
strong upwelling seasonally associated with the mon¬ 
soons. Hence, the dynamics of these gases need to be 
studied in detail in order to make more accurate esti¬ 
mates of sea-to-air fluxes from this most dynamic region 
of the world oceans. 
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We present here a novel opto-electronic technique to 
directly measure the internal wave oscillations, created 
by systematically disturbing a density stratified water 
column with a rotating propeller in a laboratory wave 
tank. The technique, based on the principle of laser 
beam deflection (LED), apart from being noninvasive 
and highly sensitive, does not have the customary con¬ 
straints on the sampling frequency and the duration of 
data sampling, as is the case with conventional experi¬ 
mental procedures. The noninvasive nature of this 
technique has good potential in future studies of diffu¬ 
sion and mixing processes in different disciplines. 

INTERNAL waves in the ocean are ubiquitous, being as¬ 
sociated with wind and air pressure fluctuations, 
changes in ocean floor topography, wakes of moving 
bodies and instabilities in the water body. Studies on 
internal waves enable a better understanding of the vari¬ 
ous mixing processes in the ocean, which result in the 
redistribution of momentum, temperature (heat) and sa¬ 
linity, responsible for climatic changes and, nutrients 
responsible for biological productivity. The oceanic internal 


waves occupy a vast continuum of spatial and temporal 
scales'. Available data on oceanic motions suggest horizon¬ 
tal scales ranging from a few tens of meters to a few kilo¬ 
meters and temporal scales ranging from the inertial period 
C (order of magnitude in days), to the Brunt Vaisala pe¬ 
riod V' (order of magnitude in minutes). 


Internal wave measurements 

To the best of our knowledge, only indirect eulerian 
field of internal waves were measured by monitoring a 
closely related physical parameter like temperature or 
current velocity. Lagrangian field measurements of in¬ 
ternal waves involve neutrally buoyant floats that are 
tracked, or sensor arrays towed horizontally through 
water. The literature^"^ points out the limitations of the 
indirect eulerian measurements, whereas the established 
Lagrangian techniques are constrained by the uncertain¬ 
ties in understanding the underlying physics . 

The electrical conductivity of salt water in the ocean 
was earlier considered to provide a convenient way of 
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measuring density in a stratified fluid. In this technique, 
the total impedance between a relatively large fixed 
electrode and a much smaller, movable platinum elec¬ 
trode is measured in an A.C. bridge network. However, 
two difficulties are encountered in practice. First, the 
probe impedance tends to drift with time. Second, time 
response of the probe is limited, roughly by the time 
required to convect material across the probe volume^. 

Remote sensing of oceanic internal waves from air¬ 
borne synthetic aperture radar (SAR) imagery, a state- 
of-art measurement technique, involves intricate cali¬ 
brations and signature extraction techniques. As the 
patterns on SAR imagery caused by mesoscale oceanic 
features are only a surface manifestation of subsurface 
physical processes, it is imperative to develop a robust 
theoretical model which links the subsurface processes 
to SAR-observed surface patterns. Both the manner in 
which SAR data' are calibrated and the techniques used 
to extract the signatures associated with the surface 
patterns of interest can significantly influence the 
magnitude and structure of the SAR signature^. 

Laboratory investigations of internal waves primarily 
utilize noninvasfve flow visualization techniques, as in situ 
monitoring of the complex internal wave dynamics is diffi¬ 
cult^. Though flow visualization techniques give a compre¬ 
hensive picture of the processes involved, they are primarily 
qualitative in nature. Flow visualization techniques are 
broadly subdivided into those that make use of light scat¬ 
tered by tiny particles in the fluid and those that make use 
of variations in the refractive index. Among the former, 
laser Doppler anemometry is now a standard means of ob¬ 
taining fluid velocities. The fluid velocity can be measured 
with a high degree of accuracy as a function of time but 
only at a single point in the fluid at any given time'®. Al¬ 
though, recent studies have shown that the instantaneous 
velocity field over a complete plane of interest in the fluid 
is now possible with speckle photography, the potential 
applications to fluid mechanics have not yet been fully ex¬ 
plored. 

Of the methods making use of refractive index varia¬ 
tions, the laser beam deflection (LBD) or the mirage 
effect has been increasingly used in recent years for 
various applications"’*^, in which, the optical probe 
beam deflection due to an artificially generated refrac¬ 
tive index gradient (RIG) is generally monitored. 

Novel opto-electronic technique to monitor in¬ 
ternal 'waves 

Internal waves in a stratified fluid involve changes of re¬ 
fractive index across the field to be investigated, which may 
be visualized or photographed using optical methods that 
depend on the effects of the refractive index changes on the 
transmission of light. Several techniques are available of 
which the Schlieren techniques have been extensively used. 
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The main use of Schlieren and direct shadow methods is to 
show the position and shapes of regions of density changes, 
such as those occurring in high speed flows, mixing prob¬ 
lems and problems of free and forced convection. 

Concept 

In this section we present a novel optical technique, based 
on the principle of LBD, to directly quantify internal waves 
in the laboratoiy, generated by the rotating propeller of a 
self-propelled body submerged in a stratified water column. 

In an inhomogeneous medium as in the presence of 
internal waves in a stratified water column, a laser beam 
gets deflected because of the naturally occurring, time- 
varying changes in the density of the medium (and there¬ 
fore, the RIG) at a particular location. For laser beams 
with a gaussian intensity profile, the output voltage 
change monitored by a small area photo detector system 
is closely related to the changes in beam deflection’^. 
Using this principle we were able to directly monitor 
internal waves generated by the rotating propeller of a 
stationary body placed inside a 6 mm thick perspex tank 
(1.8 m X 0.3 m X 0.5 m) containing an exponentially 
stratified salt water column. 

The technique depends on the deflection of a ray of light 
from its undisturbed path when it passes through a medium 
in which there is a component of the gradient of the refrac¬ 
tive index normal to the ray. The deflection of light ray is a 
measure of the first derivative of density with respect to the 
distance, i.e. the density gradient and therefore, it can be 
shown that the curvature of the ray is proportional to the 
refractive index gradient normal to the ray. If the Y axis is 
taken in the direction of the undisturbed ray, the curvatures 
in the XY and ZY planes respectively are given by 

d^x _ 1 dp 
dy^ p dx 

( 1 ) 

d^z I dp 
dy^ p dz 

If the total angular deflections in the XY and ZY planes 
are denoted by and ej respectively, then 



If the optical disturbance is in the working section of the 
wave tank, the ray of light will be deflected on leaving 
the tank so that 

/i sin e' = p^ sin e, (3) 
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Figure 1. Schematic diagram of the experimental set-up to monitor internal waves in a stratified fluid employing the laser beam deflection 


technique. 

where fu, is the refractive index of the air surrounding 
the tank, and n is the refractive index in the working 
section. Thus, the final angular deflection e measured 
beyond the tank is given by 


of 0.84 mm) was used as the probe. The deflections of the 
probe beam caused by the induced RIG in the medium 
were detected by a position sensitive detector (PSD). The 
polished tip of a multimode optical fibre (80/120 pm) 
served as the sensor head of the PSD. The other end of the 




/in J 


1 f(9p 


(lo^dz 


where the integrals are taken over the width of the 
working section. In the case of two-dimensional flow in 
a wave tank of width L these expressions simply become 


optical fibre was coupled to an avalanche photodiode 
(APD, Thorn EMI make), which was incorporated into an 
appropriate detector circuit of very low noise level. The 
output voltage from the APD circuit is piped into a per¬ 
sonal computer using a high speed analogue to digital 
conversion data acquisition card. The resolution of the 
analogue to digital voltage conversion was 0.G024414 V. 
As the probe beam is continuous, the sampling frequency 
and duration of the data sample can be chosen without any 


L da 

£x =- 

tio ax 

( 5 ) 

L dji 
Ho dz’ 

the deflections being in the direction of the RIG, i.e. 
towards the region of higher density. 

The noninvasive nature of this technique has potential 
application in the study of diffusion and mixing proc¬ 
esses in different disciplines, especially biofluid me¬ 
chanics. The technique can be adapted for oceano¬ 
graphic field applications. 


constraints. The experimental set-up is shown in Figure 1. 

Prior to each experiment, a mechanical chopper 
placed between the laser source and the tank was used to 
maximize the output signal by properly aligning the 
probe beam and the PSD. During the actual experiments, 
however, the chopper was removed. Initially, experi¬ 
ments were carried out to ascertain that temporally and 
spatially varying beam deflections occur only due to 
changes in the RIG of the medium in the wave tank, but 
not due to the RIG at the air-perspex-water interfaces. 
Hence, the time-varying beam deflections or changes in 
the output voltages can be attributed to the internal wave 
(density) fluctuations, generated by the propeller motions 
of the stationary body Inside the stratified water column. 

Calibrations. Utilizing known density samples in the 


Laboratory studies 

Experimental set-up. An intensity stabilized 5 mw, He- 
Ne continuous-wave laser beam (half power beam width 


perspex tank, the output voltages of the laser beam 
propagating through the samples were monitored. An 
output voltage of 3.62 V was observed for a sample 
density of 1.0043 g/cc and an output voltage of 1.08 V 
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Density (g/cc) Brunt-Vaisala Freq. (Hz) 


Figure 2. Initial output voltage distribution (a), calibrated density stratification (d), and the associated Brunt-Vaisala frequency [N(z)] profile 
(c), in the laboratory tank before the start of the experiment, where N^(z) = g/po{3p/8z}. 

was observed for a sample density of 1.0231 g/cc. Ini- rolled up from one end of the tank ensuring minimal 
tially, a step-distribution was obtained by sequentially disturbance. Molecular diffusion was allowed to take 

introducing the bottom layer (1.0231 g/cc), the middle place for about a day, which resulted in the exponential 

layer (1.0113 g/cc) and the top layer (1.0043 g/cc) into distribution. 

the tank. Before introducing the middle and top layers, a The output voltages of the laser beam propagating at 

wax paper was stretched on top of the water in the tank different levels of the tank, in the vertical direction were 

and the next layer added, after which the wax paper was monitored. Figure 2 a shows the vertical profile of output 
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voltages approximately a day after introducing the three 
layers in the tank. The exponential distribution is an 
artifact of the molecular diffusion. The calibration con¬ 
stants were obtained after solving the simultaneous 
(straight line) equations relating density and voltage. 
The gain and offset calibration constants were found to 
be 0.00188 and 1.0231 respectively. Figures Ibmdlc 
show the corresponding density and Brunt-Vaisala dis¬ 
tributions in the tank. The output voltage from the APD 
circuitry which is piped into the PC as digital data is 
finally calibrated aS density fluctuations. 

Experiments. At the start of each experimental run the 
propeller was switched on. The sampling frequency was 
chosen as 100 Hz. In order to avoid reflections from the 
end walls of the tank, the duration of sampling for each 
run was limited to 2 min, the monitored travel times of 
hydrodynamical signatures from source to the end wall 
being greater than 2 min. Four major experiments cover- 
ing 80 data runs in total were conducted with the laser 
source-detector system and the stationary body with its 
rotating propeller placed at different positions, for the 
same stratification. Detailed studies on different aspects 
of internal wave dynamics and mixing are being re¬ 
ported elsewhere. In this article, however, we present 
data from one of the typical experiments. During this 
experiment, time series observations of density fluctua¬ 
tions were monitored at 24 different locations along the 
wall of the tank forming a vertical array of time series ob¬ 
servations as shown in Figure 3. In this article, however, 
data from the first vertical array of observations are only 
being reported. For all the observations, the position of the 
stationary body with its rotating propeller was fixed and 
only the position of the laser source-detector system was 
varied. Before each observational run, the propeller was 
switched on and after each observational run of 2 min dura¬ 
tion, the propeller was switched off, allowing the water to 
settle down to its equilibrium position. As the forcing im¬ 
parted to the water inside the tank was not strong (just suf¬ 
ficient to create internal wave fluctuations only) it is as¬ 
sumed that the mixing created by propulsion of the stafion- 
aiy body does not alter the characteristics of the stratified 
water column in the tank in a significant manner. The wake 
generated by a submerged body moving through a density- 
stratified medium is a turbulent region of mixed fluid of 
homogeneous density. The observations of earlier research¬ 
ers that due to the stabilizing effect of the stratification, 
turbulence near the wake boundary is rapidly damped and 
does not cause appreciable mixing of the fluid with its sur¬ 
roundings, give ample support to our assumption. There¬ 
fore, as the mixed fluid seeks to return to its equivalent 
density level, the region collapses vertically and internal 
waves are consequently generated. At each location, the 
mean density value obtained during calibration experiment 
was deducted from the time series observations at that lo¬ 
cation to ensure that the observations reflect the actual 
density fluctuations caused by internal wave dynamics. 
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Figure 3. Experimental configuration. The crosses denote the exact 
locations where measurements were made. The ^-direction is de¬ 
noted by 1, 2, 3 and 4. The Z-direction is denoted by A, B, C, D, E 
and F. The propeller (origin) was lying 0.5 cm to the left of G. 

Conventional Schiieren techniques - 
Limitations 

Our technique is similar in principle to the Schiieren 
system''’-'^ However, the primary difference is that a 
conventional Schiieren system enables only qualitative 
flow visualization based on frame-to-frame observa¬ 
tions, whereas our technique provides quantitative point- 
probe diagnostics continuously. 

Conventional Schiieren techniques tend to become in¬ 
effective in monitoring smaller density changes of a 
medium. Indeed, when the density changes are very low 
(as in our study), conventional Schiieren methods can no 
longer be used as there is a progressive loss of contrast 
in the records that cannot be overcome by any normal 
modification to the apparatus or in the photographic 
processing. 

In addition to limitations to the dimensions of mirrors 
and lenses used in conventional Schiieren techniques, 
the effects of diffraction may result in a change of illu¬ 
mination on the viewing screen, which differs apprecia¬ 
bly in both extent and magnitude from that expected on 
the basis of geometrical optics. These effects may con¬ 
siderably affect the accuracy of the Schiieren technique 
when used to quantify density variations. 

Even when high-speed cine cameras are used to quantify 
complicated dynamical processes (like internal waves in 
stratified fluid), the picture sharpness is usually less satis¬ 
factory in a direction along the film than across it . 

Toepler-Schlieren photography can only offer the 
phase configurations, but our technique can determine 
the amplitude and phase of the signature using standard 
signal processing techniques. Moreover, the fact that 
none of the limitations associated with conventional 
Schiieren techniques arise when internal waves are 
monitored using the present method justifies that the 
technique reported here is more effective and sensitive. 

Results and discussion 

Typical time series plots of the density fluctuations, i.e. 
the raw data, along with a plot depicting the noise in 
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Figure 4. Time series of the observed density fluctuations caused by 
the turbulent wake and internal waves at different vertical locations 
A, B, C, D. Data run E depicts the ambient noise level at the location 
of A when the propeller was inoperative. Inset is a schematic dia¬ 
gram showing locations of runs A, B, C, D and the body S. 
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Figure 5. Time series of the low passed density fluctuations at dif¬ 
ferent vertical locations. The data are the same as those shown in 
Figure 4. 



Figure 6. Spectral densities of the low passed density fluctuations 
recorded at different vertical locations A, B, C, D. The units on Y- 
axis are [(g/cc)VHz]. Frequency resolution is 0.0244 Hz. Degrees of 
freedom = 10. 

measurements (i.e. when the signatures were observed 
while the water in the tank was undisturbed, the propel¬ 
ler being stationary) are shown in Figure 4. Two inferences 
become evident from Figure 4. One, the amplitudes of 


Table 1. Wavenumber (values in rad/cm) 


Horizontal distance (cm) 


10-30 

30-50 

50-70 

10-30 

30-50 

50-70 


Frequency = 0.0244 Hz 

Frequency = 0.1465 Hz 

F 

-0.030 

0.147 

-0.138 

0.102 

0.143 

-0.044 

E 

-0.206 

0.199 

-0.232 

0.211 

-0.256 

0.142 

D 

0.208 

0.031 

-0.267 

0.239 

-0.022 

-0.095 

C 

-0.212 

0.007 

0.030 

0.110 

-0.098 

0.109 

B 

-0.049 

0.069 

-0.018 

0.008 

-0.470 

-0.045 

A 

-0.259 

0.190 

0.074 

0.158 

-0.071 

0.067 


The origin of the horizontal distances is the source of forcing. 

A - F denote vertical locations separated by 2.5 cm. 

the fluctuations are small, indicating the minimal forcing 
applied on the propeller of the stationary body to avoid 
reflections and significant mixing; and two, the technique 
is very sensitive having minimal noise as can be seen in 
the uppermost plot of Figure 4. The maximum Brunt- 
Vaisala frequency for our stratification was of the order of 
0.2 Hz as reported earlier. Hence, the raw time series data 
were low passed using a Chebyshev filter with a cut-off 
frequency at 0.2 Hz to remove extraneous signatures, pre¬ 
sumably associated with nonlinearities and turbulence, 
from analysis of internal wave dynamics. However, it may 
be noted that the detector does not yield any output corre¬ 
sponding to that part of the turbulence which does not 
induce any change in RIG in the medium. Figure 5 shows 
some typical time series plots of the low passed density 
fluctuations considered in the present study. Spectral 
density plots of the low passed raw data are shown in Fig¬ 
ure 6. Spectral computations were performed using a 
Hanning window with 50% overlap. The spectral esti¬ 
mates have approximately 10 degrees of freedom with a 
frequency resolution of 0.0244 Hz. The spectral observa¬ 
tions have been resolved into eight frequency bands. Sig¬ 
nificant spectral energy levels at different frequency 
bands can be observed in Figure 6. 

Tables 1 and 2 show the scalar wavenumbers, corre¬ 
sponding to two frequencies in the internal wave band, 
computed as kx — A^x^d^x, and kx = A(f>JAz, vvhere is 
the horizontal wavenumber in the A-direction and is 
the vertical wavenumber in the Z-direction and A(l>x, A(l), 
are the autospectral phase differences in the respective X 
and Z directions. Although kx and k^ computations do not 
correspond to the same location, they do suggest that 
those in the A-direction are of an order of magnitude less 
than those in the Z-direction. This is consistent with the 
laboratory set up of a vertically stratified water column in 
the wave tank, which inhibits propagation in the vertical. 
As a result, the spatially inhomogeneous turbulence un¬ 
dergoes a transition to two-dimensional motion under the 
action of stratification, and there would be a propensity 
for a stronger horizontal propagation, as suggested by the 
recent stratified shear flow experiments*^’’*. 

However, the basic observations which suggest that 
turbulence dominates in the near field of the source and 


CURRENT SCIENCE, VOL. 69, NO. 8, 25 OCTOBER 1995 


683 





RESEARCH ARTICLES 


Table 2. Wavenumber fc (values in rad/cm) 


Horizontal distance (cm) 


10 

30 

50 

70 

10 

30 

50 

70 



Frequency = 

0.0244 Hz 



Frequency = 

0.1465 Hz 


E-F 

2.001 

0.107 

0.517 

-0.231 

0.379 

1.255 

-1.937 

-0.446 

D-E 

-1.785 

1.531 

0.187 

-0.094 

-0.624 

-0.401 

1.473 

-0.427 

C-D 

1.606 

-1.757 

-1.944 

0.427 

1.292 

0.259 

-0.345 

1.288 

B-C 

A-B 

-0.004 

1.303 

1.795 

1.412 

-0.273 

-1.091 

-0.685 

-1.917 

0.221 

-1.463 

-0.490 

0.251 

-0.941 

0.266 

0.073 

0.968 


The origin of the horizontal distances is the source of forcing. 
A-F denote vertical locations separated by 2.5 cm. 


internal waves generated by the collapse of the turbulent 
wake dominate in the far field (see the raw time series 
plots in Figure 4 and low passed plots in Figure 5) are 
consistent with earlier studies*®’^®. Close to the centre of 
the disturbance, internal waves generated due to the 
displacement effects of the propeller propagate in a nar¬ 
row region along the axis of the generating source . 
This feature is reflected in the time series plots of run D. 

The spectral observations in Figure 6 show that near 
the source (runs A & B), turbulence manifests (broad 
band spectra) and along the axis of the source (run D), 
internal wave signatures manifest as higher energy in the 
lower frequencies of the spectra, rapidly decaying to¬ 
wards higher frequencies. The spectral peaks associated 
with different frequencies at different locations are in¬ 
dicative of the multiple interactions between various 
components creating nonlinear energy transfers^^^. 

Conclusions 

A novel optoelectronic technique to directly monitor 
internal waves in the laboratory was demonstrated. The 
technique is highly sensitive and is free from the con¬ 
ventional experimental constraints. It can be easily 
adapted for use in field experiments. 
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Habitat suitability analysis of Nemorhaedus goral - 
A remote sensing and geographic information 
system approach 
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With the decreasing size of habitat and increasing 
fragmentation, it has become essential to develop 
species-specific habitat suitability maps. Such an ap¬ 
proach for endangered species is a priority task for 
India’s conservation programme. The mountain goat 
(goral) is an endangered species. The viable popula¬ 
tion of goral (Nemorhaedus goral) on Siwalik moun¬ 
tain is now confined to only Rajaji National Park, 
Uttar Pradesh. The goral habitat is restricted to 
specific land attributes, viz. landcover, slope, water 
availability and human habitation. Human settle¬ 
ments, biotic pressure (grazing and lopping) and ero- 
sional subsidence on hills have threatened goral habi¬ 
tat. The study is an attempt to model habitat suitabil¬ 
ity using spatial landscape patterns (interspersion and 
juxtaposition) and specific habitat requirements 
(restrictive factors). The approach has been tested in 
the part of Rajaji National Park for goral. 


Habitat is a place occupied by a specific population 
within a community of populations^ Habitat selection is 
an important part of an organism’s life history pattems. 
The worldwide destruction of the natural environment is 
reducing the number of species and the amount of ge¬ 
netic variation within individual species. Major threats 
to biodiversity include habitat alterations, overharvest¬ 
ing, pollution, climate change, introduced species and 
human population increase. Of these, habitat alterations 
due to overuse, deforestation and consequent habitat 
loss, fragmentation and degradation are the primary 
factors^. There is a need to identify priority areas for 
conserving wildlife habitat. India’s conservation effort 
is evolved around the UNESCO protected area concept 
by creating biosphere reserves, national parks, and 
sanctuaries. About 3.4% of India’s geographical area is 
under protection for ‘‘in situ^ biodiversity conservation. 
The approach takes into account endangered species and 
habitats. However, with mounting pressure on the pro¬ 
tected areas and species, the approach is under review. 


It is now considered imperative to analyse baseline data 
on the physical set-up, vegetation and socioeconomic 
environment to ensure the effectiveness of the conser¬ 
vation effort. 

Unfortunately, the study area (Rajaji National Park, 
Uttar Pradesh, India) has suffered from habitat loss, near 
fragmentation and degradation. The area around Rajaji 
National Park has had a twofold increase in human 
population from 1951. The increase in the human popu¬ 
lation has accentuated the biotic pressure on the forest^. 

The most characteristic Himalayan mammal of this 
park is the goral, a mountain goat. Johnsingh^ has 
described the animal and its habitat requirements. The 
goral (Nemorhaedus goral) is a stocky goat antelope, 
65-70 cm at the shoulder and 25-30 kg in weight. Both 
sexes have horns and a conspicuous white throat patch. 

Goral habitat 

Three species of goral inhabit the Himalaya, northeast 
part of India, Burma, China and Thailand"^. The Himala¬ 
yan goral (Nemorhaedus goral) is found from 200 msl 
in the Siwalik Hills to 4000 msl in the main Himalayan 
range^. The Siwalik forest landscapes of the Himalayas 
are exposed to various degradational processes due to 
their fragile geomorphology and heavy human depend¬ 
ency. Rajaji National Park is an attempt to protect the 
representative biogeographic unit (Gangetic plain). 
Goral habitat has been extensively studied and it is es¬ 
tablished that goral has a very specific habitat require- 
ment^’^^^. The habitat size has been shrinking due to 
fast degradation caused by the lopping of trees, grazing 
and cutting of grass, and erosional subsidence of slopes. 
This has threatened the survival of goral. 

The habitat parameters required for goral were sum¬ 
marized based on the field observations and literature: 

- Goral is not seen near human habitation. 
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- Goral is a grazer. It selects vegetation with good grass 
cover. 

- It avoids lesser slope angle categories and prefers areas 


with higher slope. 

- Escape terrain is either a cliff, steep slope or 
‘na/a/j’/gully followed by broken/rocky terrain. But cliffs 
are one of the most important escape terrains; forest cover 
seems to be the next highly used escape routes . 

- Goral avoids areas with extensive shrub cover. This 
was related to forage availability as well as its anti- 
predatory strategy. 

In spite of the species being endangered, no attempts 
have so far been made to analyse spatial habitat suit¬ 
ability and the available habitat size. 

Habitat evaluation approach 

The colonization pattern of the animals is related to the 
following parameters: cover, physical set-up and land 
use. The habitat suitability analysis based on these pa¬ 
rameters is considered essential to protect the species. 
Since long time, ground methods hav® been used to 
evaluate the habitat using habitat suitability index based 
on ground observations"’*^. However, these methods do 
not provide any spatial information. Aerospace remote 
sensing has been used effectively to characterize the 
habitat*^”*^. Subsequent attempts have also been made in 
India to evaluate wildlife habitats and related parameters 
using remote sensing data*^**. These studies, however 
are subjective and do not take into account spatial pat¬ 
terns and diversity of landscape. Researchers have used 
Geographic Information System (GIS) to han^e multi¬ 
layered data and analyse spatial patterns statistically . 
The model can be driven for different combinations of 
the controlling factors identified from a GIS database to 
predict suitability^**. 

This study presents an approach to identify goral 
(Nemorhaedus goral) habitat based on analysis of spa¬ 
tial patterns of landscape. A remote-sensing-derived 
vegetation map, water sources, human settlement, road 
infrastructure and digital terrain model are the basic 
inputs for the study. The habitat suitability has been de¬ 
rived based on spatial patterns of landscape and the 
specific habitat requirements of goral. 


Study area 

The study area is located in Dhaulkhand range of the 
Rajaji National Park (77°55'35”E to 78°4'42"E longi¬ 
tude and 29°59'45''N to 30°8'48''N latitude) covering 
an area of 149.6 km^ (Figure 1). The topography of the 
area varies with altitude, ranging from 320 m above msl 
in submontane area to above 800 m in the Siwalik ranges. 
The climate is subtropical. Rainy season commences from 



Figure 1. Location map of the study area. 


late June and continues up to the middle of September 
with the heaviest rainfall recorded in August (range 
1200-1500 mm). The average annual rainfall is about 
1270 mm. The temperature varies from 13.1°C (in Janu¬ 
ary) to 38.9°C (in June). The vegetation mainly belongs 
to the northern tropical dry deciduous forest and sub¬ 
tropical forest". Among fauna, herbivorous game ani¬ 
mals of the deer family, cheetal {Axis axis), hog deer 
{Axis pornicus) are common. Large mammals like ele¬ 
phants are abundant. 

Materials and methods 

Input data 

Indian Remote Sensing Satellite-IB Linear Imaging Self 
Scanning Sensors (IRS-IB LISS II) (with ground reso¬ 
lution of 36.25 m) false colour composite (FCC) of 
bands 4, 3 and 2 have been used to prepare the vegeta¬ 
tion map on a 1:50,000 scale. The vegetation types and 
associated land use details interpreted are sal {Shorea 
robusta) (S), sal mix (SM), miscellaneous (M), miscel¬ 
laneous with grass (MG), chir {Pinus roxburghii) (C), 
chir with grass (CG), scrub (Sc), riverine (r), plantation 
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Figure 2. Forest type map of Dhaulkhand Forest Range, Rajaji National Park, UP. 


Table 1. Locations where gorals were sighted either feeding/resting 




Habitat parameters 


Location 

Slope (degrees) 

Forest type ^ 

Water 

Habitation 

Dhaulkhand ridge near 
Sayyawala point 

35-60 

Misc. with grass, Misc. 

Within 1 km 

Nil 

Dhaulkhand ridge about 
200 m NW from point 1 

35-60 

Misc. with grass, Misc. 

Within 1 km. 

Nil 

Ridge between Gularia 
and Tangsot towards 
Tangsot 

>70 

Misc. with grass 

Within 100 m 

Nil 

Gulari ridge 

>60 

Misc. 

Within 100 m 

Nil 

Ridge between Gulari and 
Tangsot point towards 
Dhaulkhand road 

>50 

Misc. with grass 

Within 100 m 

Nil 


(Pt), agriculture (Ag), drainage and water bodies (Figure 
2). The terrain features like contours and roads were ob¬ 
tained from Survery of India toposheets. The known 
habitat parameters for goral (from field and literature) 
were used along with the spatial information in GIS. 

GJS approach 

PAMAP GIS configured on PC-based platform has been 
used in the present study. The maps showing vegeta- 
tion/land use, contours, water and human habitation 
were digitized. The contours were interpolated to calcu¬ 
late digital terrain model (DTM) and the slope map was 
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derived. Finally, the spatial information along with re¬ 
strictive factors (Table 1) were modelled using overlay 
and neighbourhood techniques. The study approach is 
presented in Figure 3. 

Results 

Spatial pattern analysis 

The vegetation landscape is analysed to determine 
habitat interspersion and juxtaposition. The intersper- 
sion (Is) is a measure of the spatial intermixing of habi- 
tats/land use and is calculated in a nonspecies-specific 
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DIGITAL TERRAIN 


FOREST TYPE MAP 

MODEL 


SCALE 1:50,000 


SPATIAL 


DATA 


BASE 


GRID 

OVERLAY 


PREFERRED SLOPE 


INTERSPERSION 


JUXTAPOSITION 


DISTURBANCE • - 

HABITAT 

1 " ■ 

RESTRICTIVE 

FACTORS : ^ 

PARAMETERS 

1 

FACTORS 

■ ROADS : 

(FIELD DATA) 


■WATER 

■ VILLAGES : 



■SLOPE 


RDF = IF Rfs>30° AND Dfh>200m THEN 
(RFs + DFh +RFw +Dfr)/4 
HQ = (0.2 * Is/8) +.(0.8 * Jx/12) + (0.2 * RDF) 

Where, RDF is composite map created 
based on restrictive and disturbance 
factor like, slope, villages, water and 
road network. HQ is Habitat Quality; 

Is is interspersion; Jx is juxtaposition. 


HABITAT 
SUITABILITY MAP 


Figure 3. Approach for habitat suitability analysis. 
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manner^^'^^. The juxtaposition (Jx) is a measure of the 
proximity of habitat types and relative importance of 
adjacencyThus, Jx is a measure species-specific to 
goral. This was accomplished by defining a grid which was 
placed on a forest type map. Based on the field observation 
on the habitat size, grids of 20 s x 20 s were used for the 
present study. Grid sizes can be changed as per the required 
level of details. Gridwise interspersion and juxtaposition 
were calculated using a software developed in database 
management system (dBase III+) interfaced with PAMAP 
GIS. The weightage factors were assigned to different edges 
based on the order of preference by goral. 

Measure of interspersion 

A window of size 3^3 grids panned over vegetation map 
and an interspersion value was assigned to the central grid 
to prepare the interspersion map. Interspersion of central 
cells is calculated as the number of surrounding grid cells 
that differ from the central cell. The interspersion of a given 
window is 6. The maximum limit of interspersion is 8. 

MG MG M 

S MG M 

S Sc S 

Measure of juxtaposition 

The juxtaposition of the central grid cell is calculated by 
comparing the class of the central cell with an adjacent cell 
as per the weighted preference of the species on use of the 
habitat. The length of the edge (diagonal or horizon¬ 
tal/vertical) is also provided as a weightage. The habitat 
preference and weightage criteria are given as follows. 

Goral habitat preference of vegetation cover in de¬ 
scending order is: 

Miscellaneous forest with grasses on slopes (MG) — Chir- 
Pine with grasses on slopes (CG) - Miscellaneous (M) - 
Chir-Pine (C) - Miscellaneous sal (MS) - Sal miscellane¬ 
ous (SM) - Scrub (Sc) - Blanks (B) - Riverine (R) - Sal 
(S) - Plantation (Pt) - Agriculture (Ag). The weightages 
assigned to different edges are given in Table 2. Calculation 


Table 2. Weightage assigned to different edges of vegetation types 


Vegetation type factor 

Association 

Weightage 

Miscellaneous forest with 
grasses on slopes 

Any cover 

0.9 

Chir-pine with grasses on 
slopes 

Any cover 

0.9 

Miscellaneous forest 

Chir-pine with 
grasses, miscellane¬ 
ous, scrub and blanks 

0.9 

Miscellaneous forest 

Any other cover 

0.6 

Miscellaneous sal 

Any cover 

0.6 

All other combinations 


0.2 


Table 3. Measure of juxtaposition 


Edge 

combination 

Weightage factor 
(specific to goral) 

Quantity 

Juxtaposition 

(Jx) 

M/Sc 

0.6 

3 

1.8 

MG/Sc 

0.9 

3 

2.7 

C/Sc 

0.2 

2 

0.4 

R/Sc 

0.2 

1 

0-2 

Sc/Pt 

0.2 

2 

0.4 

Sc/Ag 

0.2 

1 

0.2 


Note; Diagonal count as 1, while vertical or horizontal count as 2. 


of juxtaposition for the central grid of the given window 
is given in Table 3 and is equal to 5.7. • 

M M MG 
S Sc C 
Ag Pt R 

The juxtaposition in the study area ranges from 2.4 to 
10.8. The maximum limit of juxtaposition is 12. 

Restrictive {RF) and disturbance {DF) factors 

The factors that are essential for wildlife species are 
called restrictive factors. The presence of this factor is 
indicated by value one and has no impact on habitat suit¬ 
ability index; otherwise the factor is zero and, consequently, 
habitat suitability index becomes zero. Intermediate values 
can also be assigned based on field conditions and habitat 
requirements of wildlife. Based on habitat use by goral, 
four restrictive factors were determined. 

Water availability (^RFw). The availability of water 
within 1 km is the most important requirement of goral 
habitat. This was accomplished by generating the map 
showing a distance buffer around water sources and as¬ 
signing ratings (0 to 1) based on the proximity. 

Slope (RFs). Ratings (0 to 1) were given for slope 
classes. The rating values are 0, 0.8 and 1 for slope 
classes <30°, 30°“50° and >50°/cliffs, respectively. 

Remoteness from human habitation (DFh), The hu¬ 
man habitation is considered a disturbance factor. The 
presence of villages may alter the suitability of the grid. 
This was accomplished by generating the map showing a 
distance buffer around village locations and assigning 
ratings (0 to 1) based on proximity. ^ 

Remoteness from roads (DFr). The roads, although do 
not have significant impact on habitat, are considered a 
potential habitat disturbance factor. This was also ac¬ 
complished by generating the map showing a distance 
buffer around roads and assigning ratings (0 to 1) based 
on proximity. 

The cost surface developed using these four factors is 
called restrictive and disturbance factor map (RDF). 
This map was generated using the logic given below: 
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GREAT RDF IF RFs >30° and IF DFh > 200 m THEN 
(RFs + DFh + RFw + DFr)/4 

Figure 4 displays the quality of habitat based on slope 
and proximity to water, road and human habitation. This 
map was used along with interspersion and juxtaposition 
maps to determine the final habitat suitability map. 

Habitat suitability index 


The habitat suitability is a function of interspersion, 
juxtaposition and restrictive factors. It is determined 



Figure 4. Cost surface created using restrictive and disturbance factors. 



Figure 5. Habitat suitability map for goral in Dhaulkhand range, Rajaji 
National Park, UP. 


based on different weightages assigned to each parame¬ 
ter. The equation used for calculating the habitat suit¬ 
ability index is given below. 

habitat index = (0.2*Is/8) + (0.6*Jx/12) + (0.2*RDF). 

Thus, each cell was assigned a habitat suitability in¬ 
dex ranging from 0 to 1. Histogram equalization was 
followed to cluster showing different habitat quality 
zones, viz. highly suitable, moderately suitable, less 
suitable and not suitable (Figure 5). 

Model comparison with field data 

The suitable locations for goral noted down during the 
field work were superimposed on the habitat suitability 
map. Out of 10 locations, 5 are in most suitable areas, 3 
in moderately suitable areas, 2 in less suitable areas and 
none in unsuitable areas. 

The area under each category in percentage is as follows: 

Habitat quality Percentage area 

Most suitable 35.22 

Moderately suitable 15.15 

Low suitable 29.47 

Not suitable 20.16. 

Discussion 

With decreasing habitat and increasing fragmentation, it 
has become essential to develop species-specific habitat 
suitability maps. Such an approach for endangered species 
is a priority task for India’s conservation programme. The 
mountain goat is an endangered species. The viable 
population of goral on Siwalik mountain is now confined 
only to Rajaji National Park. In the recent years, increas¬ 
ing human impact within the national park has threatened 
the very existence of goral in Siwalik. The present study 
is an attempt to develop an approach for habitat suitability 
mapping using spatial landscape patterns and specific 
habitat requirements. The model uses goral habitat pa¬ 
rameters reported by Green* and Johnsingh^. 

The habitat studies indicate that homogene¬ 
ity/heterogeneity of landscape, vegetation types, their 
association and edges characteristics are important pa¬ 
rameters. Abundance of these species may be considered 
a consequence of edges where types of food and cover 
come together. The edge effect may be defined as the 
tendency for an increase in variety and density of an 
organism at a community junction. The present study 
tries to model it through measurement of interspersion 
and juxtaposition. The weightages of these two are 
based on species habitat preference. The conceptual 
framework on the use of these parameters has been dis¬ 
cussed by Mead et alf^ and Lyon^^. Since the animal is 
shy to human presence, human habitation and road 
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proximity are also used in the model as parameters. The 
topographical habitat features and the availability of 
water have also been used as restrictive factors in the 
present model. The present study attempts to implement 
habitat suitability approach for the mountain goat. 

Conclusion 

India has large biodiversity. However, recent population 
growth trends have put tremendous pressure on the habitats. 
The situation calls for urgent need to develop comprehen¬ 
sive database of the protected areas, which are temples of in 
situ conservational efforts. It is necessary to evaluate the 
available habitat size, quality and socioeconomic con¬ 
straints. The present approach can provide information 
about the suitability of endangered species having very 
specific habitat requirements. There is need to implement 
such an approach for the species which are dwindling and 
becoming endangered due to shrinking habitat size. 
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Carbon and oxygen isotopic records 
of planktonic and benthic foraminif- 
era from a new deep-sea core of the 
northeast Indian Ocean 
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Stable carbon and oxygen isotopic records of the 
planktonic foraminifera (Globigerinoides ruber), cov¬ 
ering the past -100,000 years, have been obtained 
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from a new deep-sea core of the Bay of Bengal. High 
glacial-to-interglacial 6**0 amplitude (2.0%o) in the 
surface waters of this region provide evidence for the 
increased salinity (by ~2%o) in the glacial surface wa¬ 
ters of this region’’. In contrast, the surface water 
5 ’^Ctic did not change significantly during the gla- 
cial-to-interglacial transition. 

Examination of the isotopic record of benthic 
foraminifera (Cibicidoides and Uvigerina) shows higher 
(1.7%o) glacial-to-interglacial 8**0 amplitude. This is 
attributed to the decrease in deep-water temperature 
arising from changes in source characteristics during 
the LGM. The glacial-to-interglacial shift in 5 “Ctic 
(~ 0.3%o) in the deep Bay of Bengal is close to the global 
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change, in conflict with the previous reports 
that suggested marked enrichment of nutrients in 
deep waters of the northeast Indian Ocean. 

Stable carbon and oxygen isotopic analyses in the 
planktonic and benthic foraminifera from the deep sea 
cores of the northern Indian Ocean have shown signifi¬ 
cant changes in the chemical characteristics of the sur¬ 
face and deep-water masses since the last glacial maxi¬ 
mum (LGM)^~^. Previously published oxygen isotopic 
records of the planktonic foraminifera from the North¬ 
east Indian Ocean (NEIO) are suggestive of much higher 
salinity as compared to today in the glacial surface wa¬ 
ters of this region due to a reduction in riverine input*’^. 
A large influx of pollen from the Irano-Turanian Steppe 
and high percentage of quartz observed in the glacial 
sections of sediment cores also support prevalence of 
high aridity in the region and a weakening of the south¬ 
west monsoon during the last glaciation^’^. 

Heavy precipitation during the southwest monsoon 
over the Indian subcontinent is collected by the major 
rivers (Ganges, Brahmaputra, Salween and Irrawady) 
which drain into the northeast Indian Ocean. As a result, 
a strong north-south salinity gradient forms in the Bay 
of Bengal, which is reflected in the distribution 
pattern of the Holocene planktonic‘foraminifera^ The 
deep Bay of Bengal is filled with water originating in 
the circumpolar region and transported northward by the 
two western boundary currentsThe water found at the 
site of the core SK-72 (water depth 3246 m) has an im¬ 
portant component from the relatively warm North At¬ 
lantic Deep Water (NADW). 

The hydrographic structure of the deep and interme¬ 
diate water in the northern Indian Ocean experienced 
considerable changes during the last glacial maximum^’^. 
The and ratios in shells of benthic fo¬ 

raminifera showed that, during the last glaciation, water 
column in the northern Indian Ocean was highly strati¬ 
fied, with a well-marked boundary between the interme¬ 
diate- and deep-water masses^, in contrast to the present 
conditions, when the gradient is very small (0.1%o)^\ 
To explain this glacial stratification, a mechanism involv¬ 
ing the transfer of nutrients from the intermediate to deep 
waters was suggestedBut more recent data from in¬ 
termediate-depth cores of the NEIO showed that the gla¬ 
cial gradient was not as high as reported earlier^’^. 
The temperature of glacial intermediate- and deep-water 
masses in NEIO was also lower by at least 1-1.5°C com¬ 
pared to the present bottom water of this region^’^’^"^’ 

The distribution of carbonates in deep-sea sediments 
is controlled by the depth of the lysocline, where the 
rate of calcite dissolution increases sharply and by the 
carbonate compensation depth (CCD), below which 
calcium carbonate does not occur. The biological pro¬ 
ductivity, water depth, chemistry and dilution by non¬ 
carbonate components are the main factors influencing 



carbonate content of the sedimentsIn addition, the 
deep-water circulation pattern also plays an important 
role in determining carbonate distribution^^’^^. As a re¬ 
sult of these changes, the depth of the lysocline varies 
considerably, both locally as well as globally. 

The box core SK-72 was retrieved from the Bay of 
Bengal (10°43'N and 90°27'E) during February/March 
1992 at a water depth of 3246 m (Figure 1). The core 
was subsampled for this study at 10-20 cm intervals 
except within the Holocene section, where samples were 
taken at 5 m intervals. The sediment samples were 
soaked in distilled water overnight and subsequently 
washed through a 150 pim sieve and dried at 60°C. 
About 15-20 foraminiferal tests in the size range of 
250-315 pm were then picked under a microscope for 
isotopic measurements. 

The separated specimens were ultrasonically cleaned 
to remove adhering particles and roasted under vacuum 
at 400°C for 1 h. The CO 2 was extracted by the reaction 
of foraminiferal calcite with 100% phosphoric acid at 
50®C on an on-line system and the isotopic ratios were 
measured using a VG Micromass 903 mass spectrome¬ 
ter. The precision based on the replicate measurements 
of the internal laboratory standard MMB for both carbon 
and oxygen was better than ±0.1 %o. The results are ex¬ 
pressed relative to PDB standard (Table 1). Cibicidoides 
oxygen isotopic values were converted into Uvigerina 
scale by adding 0.64%o (ref. 17), while carbon isotopes 


692 


CURRENT SCIENCE, VOL. 69, NO. 8, 25 OCTOBER 1995 




RESEARCH COMMUNICATIONS 


Table 1. Carbon and oxygen isotopic composition of planktonic (G. ruber) and benthic {Cibicidoides and Uvigerina spp.) foraminifera 
for core SK-72. Isotopic values are given in per mil against PDB standard 

Depth (cm) 

Spp. 

5"C 


Depth (cm) 

Spp. 

5'^C 

s'^o 

0 

Ruber 

0.79 

-2.52 

0 

Cibicidoides 

0.36 

2.67 

5 

Ruber 

0.87 

-2.53 

5 

Cibicidoides 

- 

2.42 

20 

Ruber 

1.21 

-2.23 

10 

Cibicidoides 

0.29 

2.41 

60 

Ruber 

0.97 

-0.63 

20 

Cibicidoides 

0.48 

3.11 

80 

Ruber 

1.15 

-0.37 

30 

Cibicidoides 

0.12 

3.58 

120 

Ruber 

1.14 

-0.91 

35 

Cibicidoides 

0.16 

3.68 

140 

Ruber 

1.34 

-0.62 

80 

Uvigerina 

-0.69 

5.03 

160 

Ruber 

1.21 

-0.67 

100 

Uvigerina 

-0.80 

5.04 

180 

Ruber 

1.03 

-0.96 





200 

Ruber 

1.29 

-l.ll 





220 

Ruber 

1.13 

-1.11 





240 

Ruber 

1.81 

-0.78 





260 

Ruber 

1.13 

-0.63 





280 

Ruber 

1.08 

-1.03 





300 

Ruber 

1.23 

- 





320 

Ruber 

1.26 

-0.92 





340 

Ruber 

1.48 

-1.31 





360 

Ruber 

1.42 

-1.08 





380 

Ruber 

1.22 

-1.55 





400 

Ruber 

1.15 

-1.39 






Table 2. Age against depth data for core SK-72. 
Ages are estimated from the time scale derived for 
the normalized SPECMAP curve by Imbrie et a//’ 


Event 

Sub-bottom depth (m) 

Age 10^ yr 

1.1 

0.2 

6 

2.0 

0.4 

12 

2.2 

0.8 

18 

3.1 

1.2 

24 

3.3 

2.0 

5,3 

4.0 

2.39 

59 

4.2 

3.0 

65 

5.1 

3.4 

80 

5.2 

3.6 

87 

5.3 

3.8 ■ 

94 


of Uvigerina were brought to the Cibicidoides scale by 
adding 0.83%o (ref. 18). Carbonate contents were de¬ 
termined by weight loss after leaching the samples with 
dilute (50%) hydrochloric acid. The reproducibility of 
the carbonate abundance estimate is better than ±2% 
based on six replicate measurements. 

Age assignments and correlation of cores are based on 
the planktonic oxygen isotopic stratigraphy by using 
graphic correlation of the SPECMAP 5^*0 record (Table 
2)^^. The average sedimentation rate in SK-72 is about 
4.1 cm/ka. The planktonic record of SK-72 correlates 
well with another core (MD 77-169) of the northeast 
Indian Ocean^. 

The results of the oxygen isotopic analyses of the sur¬ 
face-dwelling planktonic foraminifera Globigerinoides 
ruber in SK-72 are plotted against time in Figure 2. The 
observed glacial-to-interglacial 5^*0 amplitude exceeds 
the ice volume effect of ~1.2%o (ref. 20) by 0.8%o. This 
could arise from either a cooling of surface waters by 
about 3°C (ref. 21) or from an increase in salinity by 
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-2%o (ref. 22), or from a combination of both the fac¬ 
tors. However, earlier studies have shown that the gla¬ 
cial surface temperature in the Bay of Bengal did not 
differ by more than 1°C from the present SST^’^^. There¬ 
fore, the glacial enrichment in could be attributed 
mainly to the increased salinity. Comparison of the 
records between SK-72 and the Andaman Sea core 
MD77-169 indicates generally lower in the Anda¬ 
man Sea, because core MD77-169 comes from a region 
which is greatly influenced by runoff from the rivers 
Irrawady and Salween. 

The LGM to core top change in for the benthic 
foraminifera (--1.7%o; Figure 3) is also considerably 
higher than the ice volume effect^^. Since there is no 
evidence for any local deep water formation in NEIO 
during the last glaciation, the higher glacial-Holocene 
shift in benthic in this region should be due to a 
decrease in deep-water temperature as a result of the 
changes in source watersIt is quite likely that the 
glacial deep water in the Bay of Bengal had a greater 
contribution from the Antarctic Bottom Water (AABW) 
at the expense of warmer NADW as production of the 
latter was greatly reduced during the glacial times. The 
additional enrichment (--0.5%o) in SK-72 implies a 
cooling by about 2'^C; this is somewhat higher than the 
previous estimate (l.S'^C)^. However, it must be noted 
that these computations assume no local salinity change 
in excess of that included in the global ice volume ef¬ 
fect. If there was a local increase in salinity as well 
(which is likely given the dramatic increase in surface 
salinity during the LGM and the consequent downward 
diffusion of salt through the water column), the magni¬ 
tude of cooling would be smaller. 

The present geographic distribution of in the 
deep sea is related to the oxygen and nutrient contents 
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Figure 2. Carbon and oxygen isotupch in planktonic foraminifera 
(Globigerinoides ruber) and CaCOs percent in the cores SK-72 and 
MD 77-169 plotted against age. 


and circulation pattern of the water masses^ ^ However, 
during the last glaciation the deep-water circulation 
probably experienced considerable changes because of 
the decreased predilection of Carbon iso¬ 

topic data on benthic foraminifera belonging to the gen¬ 
era Cibicidoides and Uvigehna have shown that during 
the LGM deep-ocean was lower by 0.32~0.46%o 
compared to the late Holocene"^’^^. In SK-72 the maxi¬ 
mum difference (0.45%o) was observed between 20 
and 100 cm levels. However, the mean glacial- 
interglacial shift is only ~0.3%o (Figure 3), which is 
very close to the global deep-water shift. Recent 
studies from the intermediate-depth water cores from the 
North Indian Ocean have clearly demonstrated that the 
glacial mid-depth water masses in NEIO are also simi¬ 
larly depleted in by 0.3-0.4%o, compared to the 
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Figure 3. Stable isotopic record of the benthic foraminiferal genus 
Cibicidoides and Uvigerina. Oxygen isotopes of Cibicidoides cor¬ 
rected by adding 0.64%o and carbon isotopes of Uvigerina coriected 
by adding 0.83%o. 

Holocene^’^. Hence, the gradient between the inter¬ 
mediate and deep waters was very similar to that observed 
today. It can, therefore, be concluded that the glacial 
NEIO did not experiente a dramatic change in the vertical 
chemical structure (acute oxygen depletion and nutrient 
enrichment in the deep waters) as reported previously^ 
The carbonate content of SK-72 varies from ~8% to 
-40% by weight (Figure 2). The carbonate content is 
high (39.4%) in the top portion of the core (0-5 cm), 
decreases rapidly to 8.5% at 100-105 cm and remains 
low down to 200 cm depth. Thereafter, the variation was 
relatively small. High carbonate contents correspond to 
interglacials (oxygen isotope stages 1 and 5), whereas 
low values are seen during the glacial stages 2 and 4. 
The carbonate content during isotopic stage 3 is also 
low. This CaCOs abundance pattern is consistent with 
the carbonate data of other cores in the North Indian 
Ocean^^’^^. The low CaCOs abundance during the glacial 
times could be attributed to the decrease in lysocline as 
well as dilution by terrigenous matter. As stated earlier, 
the glacial deep waters probably received a greater con¬ 
tribution of cooler AABW. The decrease in sea water 
temperature favours carbonate dissolution and this 
would have contributed to the observed decrease in 
sedimentary CaCOs content during glacial times. 
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Resistance to Bacillus sphaericus in 
Culex quinquefasciatus Say 1823 

T. Adak, P. K. Mittal, K. Raghavendra, Sarala K. 
Subbarao, M. A. Ausari and V. P. Sharma 

Malaria Research Centre, Indian Council of Medical Research, 22, 
Sham Nath Marg, Delhi 110 054, India 

Biological control of Culex quinquefasciatus using 
Bacillus sphaericus was considered a practical solu¬ 
tion because of its specific and prolonged killing 
action against mosquito larvae. To study the feasibil¬ 
ity of B. sphaericus (^Spherix’) in mosquito control, 
multicentric trials were undertaken. Initially, 
B. sphaericus was very effective but within a year, 
after 20-25 rounds of application, field populations 
of Cx. quinquefasciatus developed resistance up to 
150-fold. Genetic studies revealed that resistance was 
recessiye, autosomal and controlled by more than 
one gene. This is the first report on nature and mode 
of inheritance of resistance against B. sphaericus in 
mosquitoes. 

Culex quinquefasciatus Say, 1823, is the major vector 
in the transmission of lymphatic filariasis caused by 
the nematode Wuchereria bancrofti in the tropics. 
To control Cx. quinquefasciatus. Bacillus sphaericus 
is emerging as a promising larvicide^’^. Extensive 
multicentric field trials carried out by Malaria Research 


Centre in India showed that the spraying of ‘Spherix’ 
(a commercial preparation of B. sphaericus Russian 
strain B-101, Serotype H5a 5b;) at the rate of 1 g/m^ 
provides control of Cx. quinquefasciatus breeding for 2-4 
weeks^’^. After 20-25 rounds of continuous field applica¬ 
tion of B. sphaericus within a year, reduction in its efficacy 
against Cx. quinquefasciatus was noticed. In this communi¬ 
cation we report the development of resistance against B. 
sphaericus in field populations of Cx. quinquefasciatus and 
its mode of inheritance in this species. 

Adult mosquitoes from B. sphaericus sprayed and un¬ 
sprayed areas of Farrukhabad and Ghaziabad (Uttar 
Pradesh), Madras (Tamil Nadu) and Panaji (Goa) were 
collected and transported to MRC laboratories in Delhi 
for colonization^ and further studies. In addition to these 
field populations, two laboratory strains maintained 
since 1988, one each from Delhi state and Sonepat 
(Haryana) were also used in bioassay and 
genetic crosses. Bioassays were performed following the 
method of WHO^ with necessary modifications^. One 
per cent stock suspension of Spherix in dechlorinated 
water was prepared fresh and was used immediately for 
the bioassays. Twenty-five late Ill/early IV instar larvae 
were placed in 250 ml of water containing the required 
dose of B. sphaericus for 24 h and scored for inoi tality. 
All the tests were carried out in two replicates at 27± UC. 
Dose-mortality responses of treated lines were analysed 
using probit regression method of Finney^. 

Dose-mortality regression of the field populations and 
two laboratory strains ^are given in Figure 1 and Table 1. 


CURRENT SCIENCE, VOL.- 69, NO. 8, 25 OCTOBER 1995 


695 


. RESEARCH COMMUNICATIONS 



Figure 1. Dosage-mortality responses of susceptible laboratory strains from Delhi (1) and Sonepat (2) unsprayed (3-6) and sprayed (3A-6A) 
field populations: Farrukhabad (3,3A), Ghaziabad (4,4A), Madras (5,5A), Panaji (6,6A), and of homozygous B. sphaericus-xtsisisxiX strain 
isolated from B. ^p/ia^r/cwj-sprayed area of Ghaziabad (7R). Each point represents observed mortality after 24 h of treatment. At each dose 2~ 
4 replicates (25 larvae/replicate) were used. 


The LC 50 and LC 90 values in mg/1 for Delhi and Sonepat 
strains were 0.04 and 0.032, and 0.134 and 0.137 re¬ 
spectively. These values are considered as those of sus¬ 
ceptible populations, since these lines were established 
from areas where B. sphaericus was never sprayed. 
From the dose-mortality response, a dose of 2 mg/1, 
which was approximately double the value of LC 99.9 of 
susceptible strains, was calculated and subsequently 
used as diagnostic dose in the present studies. 

The LC 50 and LC 90 values of the unsprayed field 
populations were similar to the two susceptible strains 
except those of Panaji, which were higher (Table 1). 
The higher LC 50 and LC 90 values in Panaji unsprayed 
areas could be due to the possible vigour tolerance as 
indicated by nonsignificant chi-square values tested for 
heterogeneity of response and also by the slope values 
which were similar to other unsprayed areas (Table 1, 
Figure 1 ). However, the LC 50 and LC 90 values of popula¬ 
tions from unsprayed areas were significantly different 
from those of the populations from the sprayed areas. This 
was supported by the nonoverlapping 95% fiducial limits 
of LC 50 and LC 90 values^ as given in Table 1 . Of the four 
Cx. quinquefasciatus populations collected from B. 
sphaericus sprayed areas, chi-square values of the dose- 
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mortality responses of Madras and Ghaziabad populations 
were significant {P < 0.05), indicating the heterogeneous 
nature of these populations (Table 1). 

Data on LC 50 , LC 90 , slope values and resistance ratios as 
given in Table 1 clearly indicate the selection of resistance 
to B. sphaericus in field population of Cx. quinquefas¬ 
ciatus. A homozygous B. sphaericus-rosistont strain of 
Cx. quinquefasciatus was isolated' from a population 
collected from the sprayed areas of Ghaziabad. This 
strain is being maintained in the laboratory without fur¬ 
ther selection pressure. The LC 50 , LC 90 and slope values 
of the selected resistant strain in the F 6 jgeneration were 
1663 mg/1, >3200 mg/1 and 0.5794, respectively (Table 
1 ). The LC 50 value of this strain was -52000-fold higher 
than the value of the susceptible Sonepat strain. The 
resistant strain continued to remain resistant in subse¬ 
quent generations, indicating the selection of a pure 
homozygOus-resistant Cx. quinquefasciatus line. This 
homozygous-resistant line was subsequently used in ge¬ 
netic crosses. 

To establish the genetic basis of resistance, the homo¬ 
zygous-resistant strain was reciprocally crossed with 
susceptible Sonepat strain. The LC 50 (0.031 and 
0.032 mg/ 1 ), LC 90 ( 0.12 and 0.14 mg/ 1 ) and slope (2.26 
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Table 1. Regression analysis of dose- 

mortality responses of laboratory and field-collected strains of Culex quinquefasciatus from unsprayed and 
Bacillus sphaericus sprayed areas to Bacillus sphaericus 

Strain 

LCso(mg/l) 

(-) 

RR 

LC9o(mg/l) 

(-) 

RR 

Slope 

(df) 

Delhi; Lab-colonized' 

0.04 

_ 

0.134 

- 

2.46 

5.76 (4) n.s. 


(0.03 - 0.05) 


(0.1-0.177) 




Sonepat: Lab-colonized 

0.032 

- 

0.137 

- 

2.03 

7.45 ( 6 ) n.s. 

(0.028 - 0.037) 


(0.098-0.19) 




Farrukhabad: Unsprayed 

0.015 


0.095 


1.62 

9.04 (5) n.s. 


( 0 . 011 - 0 . 021 ) 


(0.069-0.132) 




B.s. sprayed 

0.027 

1 . 8 x 

1.028 

10.8X 

0.81 

10.48 (5)** 


(0.016-0.046) 


(0.36-2.88) 




Ghaziabad: Unsprayed 

0.02 


0.09 


2.08 

6.39 ( 6 ) n.s 


(0.017- 0.026) 


(0.06-0.12) 




B.s. sprayed 

0.14 

7.0x 

1.4 

I5.5X 

1.28 

29.43 ( 8 )* 


(0.13-0.144) 


(0.97-2.03) 




Madras: Unsprayed 

0.04 


0.116 


2.68 

2.03 (4) n.s. 


(0.03 - 0.048) 


(0.09-0.151) 




B.s. sprayed 

0.33 

8.25X 

18.0 

155.2X 

0.74 

19.82 (7)* 


(0.22-0.51) 


(8.4 - 38.6) 




Panaji: Unsprayed 

0.26 


0.86 


2.5 

4.86 (5) n.s. 


(0.24 - 0.3) 


(0.7-1.06) 




B.s. sprayed 

0.62 

2.38X 

5.97 

6.94X 

1.3 

12.31 ( 6 )** 


(0.5 - 0.76) 


(3.94 - 9.04) 




Ghaziabad: Homozygous resistant 

1663 

52,000x * 

269277 

- 

0.5794 

6.14(8) n.s. 


(820 - 3372) 







B.s. ; Bacillus sphaericus. 


RR : Resistance ratio = 


LC 50 or LC 90 of Cx.quinquefasciatus from B. 5 .-sprayed area 
LC 50 or LC 90 of Cx.quinquefasciatus from unspraycd area 


d.f. : Degrees of freedom (K-2). 
n.s. Not significant. 

*:P< 0.05. 

**;0.l >P>0.05. 

(-)95% fiducial limits. 

and 2) of Fi progeny from the reciprocal crosses were 
almost similar to those of the susceptible strain and 
all the progeny died within 24 h at the diagnostic dose 
(2 mg/li indicating the recessive nature of B. sphaericus 
resistance. ; 

In backcrosses with susceptible strain, mortalities 
ranged between 55.68 and 74.4%, which are well below 
the expected 100% at the diagnostic dose; however, 
mortalities reached 90-97% when scored after 48 h 
(after 24 h of treatment, larvae were kept in normal wa¬ 
ter). Data from crosses of Fi progeny with resistant 
strain and Fi inbreeding are given in Table 2. In back- 
crosses with resistant strain (crosses 1, 2, * 4 and 5), 
mortalities were significantly below the expected 50%, 
and in both the Fi inbreeding (crosses 3 and 6), dead 
and alive larvae deviated significantly from the expected 
3:1 ratio. In all the crosses delayed effect of the larvi- 
cide was noticed. It is not clear why there was delayed 
mortality in all crosses, when no delayed effect of B. 
sphaericus was observed in the homozygous-resistant 
line and 100% mortality was observed among Fi and 
susceptible progeny within 24 h of treatment. Data from 
the above crosses do not fit with the hypothesis that 


resistance to B. sphaericus in Cx. quinquefasciatus is 
monofactorial. 


Tabic 2. Results from backcrosses and Fi inbred crosses of Cx. quinque¬ 
fasciatus strains resistant and susceptible to B. sphaericus 


? 

6 

No. of larvae 
treated (no. rafts) 

No. of larvae died 
(expected no.^) 

value 
(d.f. = 1 ) 

B. 

R 

975 

426 

14.50* 

S 

R 

(7) 

(487.5) 


R 

R 

1401 

436 

199.74* 

R 

S 

( 10 ) 

(700.5) 



R 

994 

621 

83.29* 

S 

S 

( 10 ) 

(745 5) 


S_ 

R 

1431 

448 

200 * 

R 

R 

( 10 ) 

(715.5) 


R 


1306 

492 

79.6* 

R 

R 

( 10 ) 

(653) 




1663 

1115 

56.02* 

R 

R 

(9) 

(1247.25) 



R: Resistant strain isolated from Ghaziabad. 

S: Susceptible strain from Sonepat. 

^Based on the hypothesis that resistance is monofactorial, expected num¬ 
ber of larvae that would die at the diagnostic dose of 2 mg/I for 24 h. 
♦Significant at P < 0.001; 9 = female ^ = male. 
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In both Fi inbreeding and backcrosses, among the lar¬ 
vae that survived, males and females were in 1:1 ratio, 
which indicated the linkage of the resistant gene to 
autosomes. In this context it may be mentioned that 
in Cx. quinquefasciatus, sex karyotype of males and 
females is the same, and the sex is determined by a pair 
of alleles, m and M. Females are homozygous for m 
{mim) and males heterozygous (m/M). Though the Fi 
progeny from the reciprocal crosses exhibited similar 
responses, to rule out sex linkage, surviving larvae from 
backcrosses and Fi inbreeding were examined for sex by 
dissecting the reproductive organs. If the gene is sex- 
linked in Fi inbreeding and in backcrosses, where 
Fi males are heterozygous for the resistant gene, de¬ 
pending upon whether the resistant gene is introduced 
into the crosses along with M ox m gene, the sex of the 
surviving progeny would respectively be either male or 
female. However, the recombinants would include the 
other sex. As in all the crosses males and females are in 
1:1 ratio, linkage of resistant gene to sex chromosomes 
is ruled out. 

The study has thus established that the resistance to B. 
sphaericus in Cx. quinquefasciatus is recessive, linked 
to autosome/s and is controlled by more than one gene. 
No maternal effect was observed in the expression of 
resistance. Further, the homozygous resistant strain was 
found fully susceptible to B. thuringiensis israelensis, 
the other commonly used biolarvicide, the LC 50 and 
LC 90 values being similar to those of the susceptible 
strain. 

It is well established that a rare dominant gene is se¬ 
lected more rapidly than a, recessive gene^. Since the 
gene for resistance in B. sphaericus is recessive, theo¬ 
retically it should have taken a long time to develop re¬ 
sistance in the field populations. However, resistance 
appeared shortly after a year of spraying (20-25 rounds) 
in all sprayed areas. The probable reason for this could 
be that during larviciding, large population of immatures 
are continuously exposed, increasing the selection pres¬ 
sure^®. 

Contrary to the presumption that insects are unlikely 
to become resistant to microbial pesticides'\ resistance 
in lepidopterans to B. thuringiensis^'^ and now resistance 
in the mosquito Cx. quinquefasciatus to B. sphaericus 
has developed. 
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Lead impairs hepatic type 1-5'- 
monodeiodinase activity and thyroid 
function in cockerels 

S. S. Chaurasia, P. Gupta, A. Kar and P. K. Maiti 

School of Life Sciences, Devi Ahilya University, Vigyan Bhawan, 
Khandwa Road, Indore 452 001, India 

Chronic exposure of cockerels to 1.5 mg/bird/day of 
lead nitrate for a period of 30 days impaired thyroid 
function. Lead decreased serum triiodothyronine 
(T 3 ) concentrations, inhibited hepatic type 1-5'- 
monodeiodinase enzyme activity and marginally in¬ 
creased serum thyroxine (T 4 ) concentrations. Our 
findings demonstrate the lead-induced inhibition of 
hepatic type I-5'-monodeiodinase enzyme activity in 
avian system, leading to decreased production of T 3 , 
the most potent metabolic hormone. 

Type I-5'-monodeiodinase (5'-D) is a microsomal mem¬ 
brane-bound enzyme'. The most potent thyroid hormone, 
triiodothyronine (T 3 ), is predominantly produced in ex- 
trathyroidal tissues by 5 '-monodeiodination of phenolic 
ring of thyroxine (T 4 ), the hormone that is known to be 
the prohormone of the former^. Although 5'-D enzyme 
system is present in almost all tissues, liver and kidney 
are known to have the highest T 4 to T 3 conversion ac¬ 
tivity^. Regulation of the 5'-monodeiodination in pe- 
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ripherar tissues is an important control point with re¬ 
spect to thyroid hormone action"^. 

Lead is being increasingly recognized as an important 
environmental contaminant^’^. Many animal studies have 
been carried out on the toxic effects of this metal, par¬ 
ticularly on hemopoietic, nervous, renal, cardiovascular 
and reproductive systems^"^®. However, its effect on 
thyroid function has received very little attention of the 
scientists. That too, they are mostly based on simple 
thyroidal histology and uptake studies in mammal 
and fish^^’^^. Until today, not a single report is available 
on the lead-induced alteration of 5 '-monodeiodination in 
any animal model. In the present investigation an ex¬ 
periment was conducted to reveal lead-induced altera¬ 
tion in hepatic 5'-D activity, if any, in cockerel. In addi¬ 
tion, changes in serum T 3 and T 4 concentrations were 
also studied to reveal the thyroid dysfunction. 

One-da^^-old broiler chicks were purchased from a lo¬ 
cal supplier and were acclimatized to standard labora¬ 
tory conditions (14L:10D, 27 ± 1°C) for seven days. 
They were provided with commercial grower feed and 
water ad libitum throughout the experiment. 

The birds were divided into two groups of eight 
birds each. Group I birds, receiving 0.1 ml of distilled 
water served as control. Group II birds were adminis¬ 
tered lead nitrate (1.5 mg/bird/day) subcutaneously 
and the treatment was continued for 30 days. The dose 
and the number of days were chosen from the earlier 
studiesOn the last day, blood was collected and 
the serum stored at —20°C for the estimation of T 3 and 
T 4 concentrations. They were estimated by the radio¬ 
immunoassay (RIA) method as described earlier, with 
little modification^^. RIA kits were purchased from 
Bhabha Atomic Research Centre, Bombay. The lowest 
detection limit for T 3 assay was 0.05 ng/ml and for T 4 
0.01 ng/ml. Interassay coefficient of variation was less 
than 5 % for both the hormones. 

5'-D was estimated by the method of Decuypere et 
al. with little modification. The birds were sacrificed 
and the liver of each animal was removed and ho¬ 
mogenized in 4 volumes (wt/vol) of phosphate buffer 
(0.15 M, pH 6.5, with 0.25 M sucrose and 5 mM 
EDTA). After centrifugation at 2000 g for 30 min at 
4 °C, the supernatant was incubated with T 4 (400 pM) 
and dithiothreitol (DTT, 4 mM) for 60 min. The reac¬ 
tion was stopped by the addition of 95% ethanol. The 
amount of T 3 generated was measured by RIA. Gen¬ 
eration of T 3 was expressed as ng of T 3 generated per 
hour of incubation per mg protein. Liver protein was 
estimated by the method of Lov^ et al 

The data were expressed as mean±SE. Significance 
level between two groups was calculated using Student’s 
t test. 

The results (Figure 1) clearly indicate lead-induced in¬ 
hibition of hepatic 5'-D activity. Lead also decreased se¬ 
rum T 3 and marginally increased serum T 4 concentrations. 
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Figure. 1 Effects of lead nitrate (1.5 mg/bird/day) for 30 days on 
serum T 3 , T 4 concentration (ng/ml) and on hepatic type I“5'-D en¬ 
zyme activity (ng T 3 generated/h/mg protein) in cockerel. Vertical 
lines indicate the standard error of the means. 

Earlier report in rat also shows a slight increase in se¬ 
rum T 4 concentration but a significant, decrease in serum 
T 3 following the treatment of another heavy metal, i.e. 
cadmium^^. Lead is known to induce inhibition of thy¬ 
roidal iodine uptake in rats^^ and in adult patients^\ Al¬ 
though at present, few reports are available on the ef¬ 
fects of lead on thyroid function in mammals^^’^^, not a 
single report is available on lead-induced alteration in 
5'-D activity in any of the animal models. Particularly in 
birds, practically nothing is known on the lead-induced 
alterations in thyroid metabolism. 

In the present study, a marginal increase in serum T 4 
and a significant decrease in serum T 3 , the most potent 
metabolic hormone, was observed following lead treat¬ 
ment in cockerel. The marginal increase in the serum T 4 
concentration may be due to the inhibited 5 - 
monodeiodination (catabolism) of T 4 to T 3 . This in¬ 
crease was not significant probably because T 4 was 
utilized in the other metabolic pathways^"*^^^. The lead- 
induced decrease in serum T 3 concentration was further 
supported by the inhibition of 5^-D enzyme activity that 
is responsible for the conversion of T 4 to T 3 . Earlier 
reports on cadmium- and mercury-induced inhibition of 
5'-D in rat also support our findings^^’^^. 

Type l-5'-D is a sulphydryl (-SH) group-bearing en¬ 
zyme and contains selenocysteine at its active site . 
Lead has been found to inhibit a number of enzymes by 
either binding to its active site or to the free -SH groups 
of the enzyme^^’^®. Therefore, in the present study two 
possibilities exist for the metal-induced inhibition of 5'- 
D enzyme activity. Either lead replaces selenium in the 
enzyme or it combines with the free —SH groups, which 
are essential for the enzyme function, thus making it 
inactive. 
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In the present experiment, whatever may be the mecha¬ 
nism of action of lead on hepatic type I-5'^D enzyme, our 
findings for the first time reveal clearly lead-induced in¬ 
hibition of the aforesaid enzyme in an avian model. 
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Speaking Minds: Interviews with 
Twenty Eminent Cognitive Scientists. 
P. Baumgartner & Sabin Payr, eds. 
Princeton University Press, Princeton. 
1995. 


The realization that living organisms are 
really information-processing systems 
and, therefore, the proper framework for 
the study of their behaviour is the in¬ 
formation processing (i.e. computa¬ 
tional) framework, has brought about a 
major revolution in the West in tradi¬ 
tional academic disciplines such as psy¬ 
chology, linguistics, education, anthro¬ 
pology, and even sociology. The infor¬ 
mation-processing framework as a con¬ 
ceptual and theorizing framework, and 
computer simulation studies as labora¬ 
tory techniques for evaluating partially 
articulated theories, have been playing 
essential roles in drawing several of 
these traditional disciplines together and 
giving rise to interdisciplinary pro¬ 
grammes of far-reaching consequence. 
Two such programmes that are begin¬ 
ning to have major impacts on behav¬ 
ioural studies are: Cognitive Sciences 
Programme and Neurosciences Pro¬ 
gramme. 

Gardner^ presents a very readable and 
a detailed historical account of the de¬ 
velopment of cognitive science which 
he refers to as ‘the mind’s new science’. 
According to his account, the core dis¬ 
ciplines constituting cognitive science 
are: psychology, philosophy, artificial 
intelligence/computer science, linguis¬ 
tics, neurosciences, and anthropology. 
Gardner’s definition of cognitive sci¬ 
ence is used as a guideline by the edi¬ 
tors of Speaking Minds, a book of in¬ 
terviews with 20 academic research 
scientists identified as ‘eminent cogni¬ 
tive scientists’. All the interviewees are 
from the United States. Their names, 
disciplines and institutional affiliations 
are as follows. 

Philosophy: Patricia & Paul Churchland 
(UCSD); D. Dennett (Tufts); H. Dreyfus 
(UCB); J. Fodor (Rutgers); J. Haughland 
(Pittsburgh); J. Searle (UCB). 

Computer Science: A. Newell (CMU: 
deceased): H. Simon (CMU); S. 
Weizenbaum (MIT: retired); R. Wilen- 
ski (UCB); T. Winograd (Stanford); L. 
Zadeh (UCB). 

Psychology/Biology: J. McClelland 


(CMU); S. Palmer (UCB); D. Rumelhart 
(Stanford): T.Sejnowski (UCSD). 
Linguistics: G. Lakoff (UCB). 

Math Logic: H. Putnam (Harvard). 
Sociology: A. Cicourel (UCSD). 

(Note: UC, University of California; B, 
Berkeley; SD, San Diego; CMU, 
Carnegie Mellon University) 

The choice of persons to be inter¬ 
viewed seems to have been based as 
much on logistic factors such as time, 
travel budget, availability of interview¬ 
ees at the time fixed for the visits, and 
so on, as on the work in cognitive sci¬ 
ence these persons are engaged in and 
the centrality of the role they are play¬ 
ing in the development of this interdis¬ 
ciplinary field. 

‘Why a book of interviews?’ The 
editors claim ‘This dynamic personal 
discussion seemed to us - at least in 
some respects - much more powerful 
and concrete than the more general, and 
often more moderate and balanced, 
considerations in the written publica¬ 
tions of the same scientists’. However, 
there are major difficulties with an in¬ 
terview format of the kind the editors 
have chosen, especially when, as in this 
case, the person conducting the inter¬ 
view is not himself/herself a practising 
scientist in the field being discussed 
critically. The most that can be done is 
to opt for a somewhat gossipy approach 
to the issues: ‘So-and-So says such- 
and-such, what is your view on that?’ 
or, alternatively, ‘What is your view on 
such-and-such a controversy?’, and so on. 

Issues like ‘Turing test’, ‘the chinese- 
room argument’, ‘connectionism versus 
physical symbol system approach’, 
‘whether AI has made (is making) prog¬ 
ress or is becoming irrelevant’, and so 
on, lend themselves readily to a format 
of this kind - especially where the in¬ 
terviewees are academic philosophers 
with interest in AI and cognitive sci¬ 
ence. ‘Listening’ to arguments (gossip?) 
at a personal level on such issues is 
illuminating (or even fun) only to the 
extent the persons involved in the dia¬ 
logue are interesting personalities in 
themselves. Unfortunately, this is not 
always the case and the dialogue pretty 
soon becomes rather repetitive and tire¬ 
some (especially if the personal views 
being thrown around are. already well 
known to the practioners in the field). 
To outsiders, quite often, the discus¬ 
sions are likely to be of no value unless 


they are already ‘literate’ about the is¬ 
sues being argued about. The editors 
have tried to help by appending a rea¬ 
sonably detailed glossary of terminol¬ 
ogy. Another helpful gesture is a read¬ 
ing list of his/her own publications sug¬ 
gested by each interviewee. 

In my opinion the participants in the 
discussions have thrown away a good 
opportunity to ‘educate’ aspiring en¬ 
trants to the field of cognitive science, 
as well as outsiders, about the really 
deep problems that need to be addressed 
if cognitive science is to make any sub¬ 
stantive contribution to our understand¬ 
ing of the agentive aspects of agents and 
how the brain/mind plays its central 
integrating role to enable agents to be¬ 
have the way they do. What are the deep 
technical (i.e. computational) and theo¬ 
retical {not philosophical) issues that 
need to be addressed in understanding 
vision, language behaviour, perception, 
motor behaviour (e.g. object manipula¬ 
tion, navigation, controlling body 
movements, maintaining balance, etc)? 
What new issues arise when behaviour 
involving two or more of these modali¬ 
ties has to be deployed to achieve some 
given end? Babies, only a few months 
old, have been shown to be capable of 
imitating facial expressions they are 
exposed to. How do they achieve this 
(especially since they cannot watch their 
own faces)? We still do not know how 
to construct a robot that can watch 
somebody else (or another robot) going 
through an assembly operation and imi¬ 
tate it. Young children are capable of 
accomplishing this. What are the com¬ 
putational issues involved here? 

There are some discussions in the 
book about how to build up interdisci¬ 
plinary programmes and why such pro¬ 
grammes are generally more successful 
in the United States than elsewhere - 
Europe, for example. These discussions 
are of some relevance in the Indian 
context, in that in our universities (and 
elsewhere too) the disciplinary walls 
continue to remain as thick and impene¬ 
trable as ever. It may be useful to close 
this review with the following remarks 
by Patricia Churchland on why she 
chose to go to UCSD: 

‘The cognitive science community here . . . 
is large, diverse and lively. At some 
point or other, everybody passes 
through, so there is lots of contact, and 
that means there is opportunity to learn 
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a lot and keep abstract of new develop¬ 
ments. There is also considerable inter¬ 
est and activity in computational neuro¬ 
science, so I feel much at home. I am an 
adjunct at the Salk Institute, and I cur¬ 
rently work in . . . Sejnowski’s labora¬ 
tory. The lab has tea every afternoon, 
and various people drop by - often 
Francis Crick, and some of the visual 
psychologists, such as Ramachandran - 
and we discuss everything from con¬ 
sciousness and free will to apparent 
motion to NMD A receptor.’ 


1. Gardner, H., The Mind's Ne^v Science: 
A History of the Cognitive Revolution, 
Basic Book, New York, 1985. 


R. Narasimhan 

C/o CMC Ltd., 

Mithra Tower, 10/3 Kasturba Road, 
Bangalore 560 001, India 


Development of Ideas in Physics. Nils 
Ryde. Almqvist & Wiksell International, 
P. 0. Box 4627, Alsnogatan 7, S-116, 
91, Stockholm, Sweden. 196 pp. Price: 
Not known. 


The rapid strides made during the first 
half of this century and a little earlier, 
have been the subject of numerous books 
in physics. Indeed, for several decades 
now, an introductory description of this 
area commonly known as ‘Modem Phys¬ 
ics’ is ah integral part of undergraduate 
physics curriculum in every university. It 
includes topics such as the discovery of 
electron and atomic nucleus, optical and 
X-ray spectroscopy,, disco very of electron 
spin, neutron, nuclear fission and fusion 
and introductory quantum mechanics. The 
well-known textbook by Richtmyer, Ken- 
nard (and Cooper in later editions) gives 
an excellent exposition of these topics. 
Recent textbooks on modern physics 
like the one by Kenneth Krane also in¬ 
clude more contemporary topics such as 
nucleosynthesis in stars, quark model of 
elementary particles and so on. 

This book is a collection of a dozen 
partly didactic and partly historical es¬ 
says on topics in modern physics. The 
author has been a participant in the 
events that unfolded in the ‘golden age of 
physics’, and his familiarity with them 
comes through clearly in his writing. His 


prose is direct and unostentatious. Most 
of the essays are well written, especially 
the ones on ‘optical spectroscopy’ and 
‘origin of the elements’. Some, however, 
are sketchy and need additional material 
for completeness (for example, the essay 
on matter and antimatter). The narration 
could have been made much more inter¬ 
esting with some illustrations and bio¬ 
graphical sidelights on the main charac¬ 
ters of the story. The quality of produc¬ 
tion is good, though a few errors remain. 
(For example, eq. (12) on p. 37 and eq. 
(21) on p. 44 contain printing errors.) 

The main limitation of the book is 
that the essays are too ‘dense’ in the 
subject matter to be comprehensible to a 
beginning student. For example, in the 
space of some 15 pages, the author de¬ 
scribes the rise of quantum mechanics 
from Heisenberg’s ‘arrays’, deBroglie’s 
matter waves to the successful QED 
explanation of the Lamb Shift in hydro¬ 
gen. Such a compact description is ob¬ 
viously suitable only for those who are 
already broadly familiar with the theme. 
Despite this, the book does fill a certain 
need, since the more authoritative and 
complete historical accounts of modern 
physics (such as The Conceptual Devel¬ 
opment of Quantum Mechanics by Max 
Jammer and Inward Bound by Abraham 
Pais) are too expansive to be read with 
ease. The book provides short and useful 
historical summaries of several interest¬ 
ing topics, which teachers and physicists 
can profitably use for enrichment and 
recapitulation of what they already know. 

Arvind Kumar 

Homi Bhabha Centre for 
Science Education (TIER), 

V. N. Purav Marg, Mankhurd, 

Bombay 400 088, India 


A Modern Introduction to Ancient 
Indian Mathematics, f. S. Bhanu 
Murthy. Wiley Eastern Ltd., New Delhi, 
1992, 214 pp. Price: Not mentioned. 
Indian Mathematics and Astronomy. 
S. Balachandra Rao, Jnana Deep Publi¬ 
cations, 2388, 13th Main, A-Block, 
Rajajinagar, II Stage, Bangalore 560 012, 
India. 1994. 234 pp. Price: Rs 75, 
$17.00. 


A man is known by the company he 
keeps. I suppose a similar statement 
holds for books as well. One of the 


books under review (A Modern Introduc¬ 
tion to Ancient Indian Mathematics) suf¬ 
fers because of its unqualified association 
with Swami Bharati Krishna Tirtha’s Vedic 
Mathematics, The author mentions in the 
preface that the initial purpose of the book 
was to present proofs of certain proposi¬ 
tions stated in Vedic Mathematics, thus 
subtly authenticating it. (It is more an error 
of omission than of commission as he fails 
to warn the readers about the doubts ex¬ 
pressed by scholars in respect of many of 
Swamiji’s claims.) First, a few words 
about Vedic Mathematics, It is more or less 
established that its contents are not of ve¬ 
dic origin (the Swamiji has failed to pro¬ 
duce a reliable reference) and its mathe¬ 
matical contents do not, by a long chalk, 
justify the tall claims made in the book. 
Take the example of the algorithm to write 
down the decimal expansion of reciprocals 
of certain integers. As has been pointed out 
by S. G. Dani in his excellent two-part 
article (‘Myths and Reality - On Vedic 
Mathematics’, Frontline, 22 October 1993 
'and 5 November 1993), there is no evi¬ 
dence in the available vedic works or even 
in the works of other Indian mathemati¬ 
cians for over 2000 years later, of any 
knowledge of writing a fraction in decimal 
form. Unfortunately, this is one of the 
propositions Bhanu Murthy chooses to 
prove in his book. 

Apart from these proofs (of Swamiji’s 
propositions), Bhanu Murthy’s book 
contains a well-written account of the 
PeWs equation (which he prefers to 
refer to as Brahmagupta-Bhaskara 
equation). There is also a chapter enti¬ 
tled ‘Selected Topics in Geometry’ and 
the reviewer fails to understand why some 
of the topics which are featured are there at 
all; for instance, Morley’s theorem [which 
would have had some meaning at least if 
he had given the elegant proof due to M. 
T. Naraniengar in 1909 (see Geometry 
Revisited, Coxeter and Greitzer)]. 

On the other hand S. Balachandra 
Rao’s book, Indian Mathematics and 
Astronomy, provides a good introduc¬ 
tion to the development of mathematics 
and astronomy in India since vedic 
times. Each mathematician’s contribution 
is preceded by a discussion on his place 
and times according to available records. 
In fact, one of the praiseworthy features 
is that statements made are justified with 
references and different viewpoints are 
sincerely reproduced. There is an excel¬ 
lent bibliography at the end. 
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One of the main points that 
Balachandra Rao (as also Bhanu Murthy) 
wants to emphasize is that it is not true, 
as is generally believed, that Indian 
mathematics entered a dark age after 
Bhaskara II {ca 1120 AD). There were 
substantial contributions even after him, 
specially by the Kerala school. In fact, to 
quote Dani ‘... The sustained development 
of mathematics in India in the post-Greek 
period was indirectly instrumental in the 
revival in Europe after its “dark ages” 
Though the achievements of mathe¬ 
maticians in ancient India may look 
impressive, there were serious deficien¬ 
cies also. They have noticed that % can¬ 
not be calculated exactly but nothing 
seems to have been done to investigate 
this aspect further in contrast to the 
amount of time and effort that have 
gone into squaring the circle in the 
Greek civilization. Indian mathemati¬ 
cians have handled surds with ease but 
the notion of irrational numbers escaped 
them. The deductive reasoning which 
characterized the Greek mathematics 
and which really gave the impetus for 
the phenomenal development of mathe¬ 
matics outside India is conspicuous by 
its absence in Indian mathematics. An¬ 
other significant factor which impeded 
the progress was that mathematics 
mostly served as the hand-maid of as¬ 
tronomy whose needs it soon outgrew. 
One also has to consider the fact that 
physics had not developed much, since 
it was in trying to answer the needs of 
physics that calculus was discovered 
and several other areas of mathematics 
developed. As Balachandra Rao rightly 
observes, the perfection to which Indian 
logic (tarka) was developed seems to have 
had no influence on the thinking of ancient 
Indian mathematicians. To quote him fur¬ 
ther: The over-emphasis on utilitarianism 
of mathematics seems to have had unfortu¬ 
nate results in the development of the 
subject in this country... The nonchalance 
with which the splendid achievements of 
the Greek geometry were ignored while the 
pseudoscience of Greek and Babylonian 
astrology was received with open arms is 
indeed the worst of these.’ 

For further serious study of history of 
mathematics in India it is very much 
necessary to bring out authoritative 
translations of the original works. For 
most of them the translations available 
are more than 60 years old and so do not 
have the benefit of research done on the 


subject in recent times, which is quite 
substantial. Also, some positive at¬ 
tempts should be made to educate the 
public about the facts concerning Vedic 
Mathematics. It has acquired a large 
following and there are even correspon¬ 
dence courses on the subject! There is a 
danger, a very real one at that, of this hav¬ 
ing undesirable consequences on mathe¬ 
matics education in our country. Already 
the Uttar Pradesh government has intro¬ 
duced ‘vedic mathematics’ in school text¬ 
books based on the Swamiji’s book. While 
it is important to create an awareness of 
our past achievements (based on authentic 
sources) it is also necessary to confront 
and expose baseless constructs such as 
these. 


C. S. Yogananda 

Department of Mathematics, 

Indian Institute of Science, 

Bangalore 560 012, India 


Leks. Jacob Hoglund and Rauno V. 
Alatalo. Princeton University Press, 41 
Williams Street, Princeton, New Jersey 
08540, USA. 1995. 248 pp. Price: Not 
known. 


Blazes of swarming fireflies in the 
woods, synchronized arm-waving of 
fiddler crabs on estuarine mudflats, in¬ 
cessant nocturnal choruses of crickets, 
katydids and frogs/toads in our neigh¬ 
bourhoods and dancing peacocks are 
familiar yearly events in India. These 
male aggregations are meant to attract 
females for the purpose of mating. 
However, not all these events are treated 
in the strict sense as Tekking’. 

Lekking has been defined as ‘males 
aggregating for the purpose of mating’. 
In lekking animals the male’s contribu¬ 
tion to parental care is none, females 
have the option of mating with males of 
their choice and female gathering on the 
leks is not a response to some resource 
such as food or ideal breeding site that 
the male actively defends. Thus by the 
above definition, many mating aggrega¬ 
tions of animals such as that of fiddler 
crabs, some fishes and frogs cannot be 
treated as typical lekking, as males of 
these animals are known to defend egg 


deposition sites simultaneously as they 
display. 

Almost 200 years ago, naturalists ob¬ 
served and reported mating aggregations 
on natural ‘arenas’ in vertebrate ani¬ 
mals. Somewhere in the late 1800s, the 
term ‘lek’ was first coined to describe 
the arena and ‘lekking’ for the rather 
deviant mating system. Lekking is now 
reported in many groups of lower organ¬ 
isms including insects and spiders. Nev¬ 
ertheless, the most typical and well- 
studied forms of lekking are those that 
the birds and a few ungulate mammals 
demonstrate. And probably the most 
intensively studied of animals is the 
temperate sage grouse, a galliform bird 
that mates on leks throughout its range. 

Field study of animal behaviour has 
not gained the same momentum in India 
as it has in the western world. In India 
there have been some attempts to study 
the breeding ecology and behaviour of 
animals in the field starting with Salim 
Ali’s work on the weaverbirds in the 
nineteen thirties. Although there have 
been a few casual reports of lekking in 
peacocks and blackbucks in the past, the 
only real attempt to study the ecology of 
lekking in Indian animals in situ is a re¬ 
cent Master of Science dissertation from 
the Wildlife Institute of India, Dehra 
Dun. This rather illuminating piece of 
work on lekking blackbucks in north¬ 
western India is however unpublished. 

The book under review is easily the 
most complete treatise on this special 
subject relating to animal mating sys¬ 
tems in recent times. It is written in a 
very simple and readable style. The 
authors have been considerate in keep¬ 
ing the more complex mathematical 
modelling as a latter chapter without 
depriving the uninitiated reader the 
pleasure of going through the book. 

The organisms listed as observed 
lekking in chapter 2 are surprisingly 
many and spread across taxonomic 
groups. Taking a variety of general and 
detailed case studies from this spectrum 
of animals, the authors discuss the 
broad causal factors of lekking. Al¬ 
though detailed discussions of sexual 
selection, female mating strategies and a 
number of models that attempt to ex¬ 
plain the advantages and disadvantages 
of lekking, including predation risk, 
sharing information, etc., are invoked, 
what ultimately perplexes the reader is 
the fact that there has not been one gen- 
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eral governing principle that has hith¬ 
erto been identified without ambiguity. 

Lekking has best evolved in birds. 
Interestingly, of the nearly 100 species 
of birds (as listed in the book) in which 
this behaviour has been docu¬ 
mented/studied in detail, 78% are forest 
birds, especially tropical, as that in 
families Paradiseidae (New Guinea/ 
Australasia), Cotingidae and Pipridae 
(both Neotropical). Similarly, it is 
noteworthy that 62% and 20% of all 
lekking birds belong to the New World 
and Australasia respectively. These 
patterns are suggestive enough to start 
speculating the role of biogeography 
and habitat on the origins of this par¬ 
ticular mating system, at least in birds. 

Tropical rainforests in New Guinea 
and America are very dense and dark 
within. Male birds of paradise, cotingas 
and manakins with their elaborate and 
strikingly irridescent plumage will cer¬ 
tainly attract females better by aggregat¬ 
ing and displaying than being solitary. 
Although related ideas, viz. ‘visual 


stimulus’ and ‘passive attraction’ to 
females offered by aggregating males 
have been addressed and dismissed as 
causal factors in the book, these ideas 
have not been put to good test in the 
tropics. 

Whether this behaviour is ‘relict’ in 
animals has not been addressed in the 
book. Considering the biogeographical 
and habitat-related pattern of distribu¬ 
tion of lekking behaviour in birds, it is 
also tempting to invoke the argument of 
patchy habitat availability in the tropics 
during the Pleistocene glaciations. 
Works in the early 1970s and 1980s 
have discussed the possible influences 
that reduced availability of forest habi¬ 
tats had on the diversity and speciation 
of neotropical birds. If reduced habitat 
availability had forced breeding birds to 
aggregate and display during the long 
periods of climatic fluctuations, such 
traits could not have been eliminated 
during the last 10,000 more or less 
steadily warm years. When ecology fails 
to explain an observed pattern in nature, 


scientists have resorted to history. The 
book under review fails to do this. 

More examples of birds, especially 
the migratory waders such as snipes and 
ruff/reeve in which lekking is reported, 
are compelling enough to invoke his¬ 
torical explanations to the origin and 
persistence of lekking. Migration in 
birds is itself considered a climate 
change-induced relict behaviour. Future 
studies should probably look at the 
lower animals, especially the inverte¬ 
brates in the light of the existing theories 
on lekking, not ignoring the importance 
of history. Any further knowledge on 
animal mating systems will not only be of 
academic interest but of great value in the 
conservation of biodiversity. 

R. J. Ran JIT Daniels 


M S. Swaminathan Research 
Foundation, 3rd Cross Street, 
Taramani, Institutional Area, 
Madras 600 113, India 


MEETINGS/SYMPOSIA/SEMINARS 


X National Carbohydrate Conference 

Date: 8-9 November 1995 
Place: Vallabh Vidyanagar 

Topics include: Plant and microbial polysaccharides; Isola¬ 
tion, characterization and their biological activity; Carbohy¬ 
drate synthesis; Industrial polysaccharides: Production and 
utilization; Carbohydrate fermentation/biotransformation. 

Contact: Prof. M. N. Patel 

Convener, Carbohydrate Conference 
Department of Chemistry 
Sardar Patel University 
Vallabh Vidyanagar 388 120 
Phone: (02692) 30411 
Fax: 02692-30238 


National Workshop on Biodiversity Conservation in Man¬ 
aged Forests and Protected Areas 

Date: 29 November to 1 December 1995 
Place: Bhopal 


Topics include: Biodiversity conservation in managed forests; 
Biodiversity in protected areas; Ethical and ecological con¬ 
siderations; Socio-economic issues; Institutional, policy and 
planning issues. 

Contact: Prof P. C. Kotwal 

Indian Institute of Forest Management 
Nehru Nagar, P. B. No. 357 
Bhopal 462 003 


Second National Symposium on Magnetic Resonance 

Date: 8-9 February 1996 
Place: Pune 

The symposium will cover all topics on magnetic resonance 
and its applications in physics, chemistry, biology and medi¬ 
cine. 

Contact: Dr S. Ganapathy 

Solid State NMR Group 
National Chemical Laboratory 
Pune 411 008 
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Samanta Chandra Sekhar: Life and work 

P. C. Naik and L. Satpathy 

Mahamahopadhyaya Sri Chandra Sekhar Simha Hari Chandan Mahapatra Samanta (1835—1904), 
generally known as Samanta Chandra Sekhar and more popularly as Pathani Samanta in Orissa, 
worked in astronomy following the traditional methods and composed a treatise entitled 
Siddhanta Darpana' in Sanskrit verse. It is a valuable work that records innumerable improve¬ 
ments over the ancient classics, namely, ‘Surya Siddhanta^ and ^Siddhanta Siromanf, by incorpo¬ 
rating original observations, calculations, instrumentation and theories. The aim of this paper is 
to outline and bring to the notice of a wider audience the genius of Chandra Sekhar and his con¬ 
tribution to astronomy. In addition, we also present a brief life-sketch of the astronomer. 


India has a rich heritage of astronomy 
having produced great astronomers like 
Aryabhata, Varahamihira, Brahmagupta 
and Bhaskara. The genius of these lu¬ 
minaries bloomed at various places 
spread all over the country, scaling a 
time span of nearly 1500 years begin¬ 
ning with 5th century ad. Mahamaho¬ 
padhyaya Chandra Sekhar Simha 
Harichandan Mahapatra Samanta, referred 
to hereafter as Samanta Chandra Sekhar, 
seems to be the last link of this long 
order of great Hindu astronomers. Surya 
Siddhanta, Aryabhatiya, Panca Siddhan- 
tika, Brahmasphuta Siddhanta and 
Siddhanta Siromani are prominent among 
the numerous astronomical works of our 
illustrious ancestors. Siddhanta Darpana^, 
composed by Samanta Chandra Sekhar, 
looks to be the latest valuable classic of 
high order. It is a systematic record of 
Samanta’s lifelong research in astronomy 
with substantial original contribution to 
the field. The treatise, written in beautiful 
Sanskrit verse after the time-honoured 
Hindu tradition, has great scientific value 
and is also a fine piece of literary work. 

Chandra Sekhar was born in the royal 
family of one of the princely states of 
Orissa, at Khandapara in 1835. He is also 
fondly called Pathani Samanta in the 
state. Chandra Sekhar, when a child, was 
initiated to identify stars by his father. He 
received primary education from a 
Brahmin teacher. Thereafter, he started 
teaching himself Lilovati, Bijaganita, 
Jyotisha, Siddhanta, Vyakaran and Kavya 
using his family library. He was more at¬ 
tracted by mathematics and astronomy. 

At the age of fifteen, he began to 
check the predictions of the Siddhantas 
with his observations. Ancient Indian 
works do not give details of instruments 
or methods of measurement explicitly. 


excepting hints here and there. So young 
Chandra Sekhar devised his own instru¬ 
ments. He noticed that, even classics like 
Siddhanta Siromani of Bhaskara and Su¬ 
rya Siddhanta did not agree with his ob¬ 
servations, for the stars and planets did not 
appear in the sky as per their predictions. 

Hence, young Chandra Sekhar as¬ 
signed the job to himself and set out for 
observations night and day, checking 
every figure occurring in the earlier works. 



He began recording his observations 
and formulations at the age of 23, and 
in the form of treatise, two years later. 
The manuscript of Siddhanta Darpana 
was ready in 1869 when he was 34. But 
it took another 30 years for the work, 
originally written on palm leaves in 
Oriya characters, to appear in Devana- 
gari script printed on paper in 1899. 
Chandra Sekhar had Surya Siddhanta 
for his prime reference and Siddhanta 
Siromani as his guide. 

This remarkable scholar and scientist, 
being confined to a small hilly state in a 


remote corner of Orissa, far away from 
the sphere of English education, was 
virtually doomed to obscurity but for 
his chance acquaintance with Mahesh 
Chandra Nyayaratna, Principal of San¬ 
skrit College, Calcutta, who probably 
later on introduced him to Jogesh 
Chandra Ray of Cuttack College (today’s 
Ravenshaw College). Nyayaratna’s ef¬ 
forts^ brought him the title of Mahama¬ 
hopadhyaya, conferred by the British 
Government in 1893. 

Ray was the key person under whose 
supervision and involvement Siddhanta 
Darpana was published in 1899 from 
Calcutta with the financial support of 
the kings of Athmallik and Mayurbhanj. 
It must be noted that the scholarly in¬ 
troduction of 56 pages in English 
therein by Ray^ formed the window 
through which the outside world could 
get a glimpse of the valuable treasures 
contained in this monumental work 
couched in hardly accessible Sanskrit 
verse. The international journals Nature^ 
and Knowledge^ acknowledged the great¬ 
ness of this contribution to astronomy by 
Chandra Sekhar and eulogized him in 
glowing terms. This Sanskrit classic un¬ 
derwent two Oriya translations^’^ in 1975 
and 1976. We present in the following a 
brief discussion of this work citing only a 
few important original contributions of its 
author. 

Siddhanta Darpana 

Chandra Sekhar in the 17th Sloka of the 
first chapter of the treatise enumerates 
the requisite characteristics of a 
Siddhanta. The work that deals with the 
theoretical division of time from the 
smallest unit of Truti (0.274348x10"^ s) 

705 


CURRENT SCIENCE, VOL. 69, NO. 8, 25 OCTOBER 1995 




HISTORICAL COMMENTARY AND NOTES 


Table 1. Summary of the contents of Siddhanta Darpana 


Name of section 

Chapter 

number 

Chapter content 

Number of 
Slokas In 
the chapter 

Madhymadhikara 

1 

Description of time 

55 


2 

Description of Bhagan, etc. 

25 


3 

Mean planet positions 

77 


4 

Various corrections 

57 

Sphutadhikara 

5 

True planet positions 

221 


6 

Finer corrections 

161 

Triprasnadhikara 

7 

Gnomons, etc. 

94 


8 

Lunar eclipse 

87 


9 

Solar eclipse 

78 


10 

Parilekha description 

37 


11 

Transit, etc., of planets 

111 


12 

Alignments of planets 

93 


13 

Risings and setting of planet 

84 


14 

Phases of the moon 

67 


15 

Description of Mahapata 

70 

Goladhikara 

16 

A set of questions 

79 


17 

Description of the Earth 

159 


18 

Description of the Earth (contd.) 

175 


19 

The celestial sphere 

123 


20 

Description of Instruments 

111 


21 

Some deeper questions 

249 

Kaladhikara 

22 

Description of years, etc. 

76 


23 

Prayer to Purusottama 

55 

Total 

24 

Conclusion 

156 

2500 


to Pralaya (10^^ solar years), along with 
the motion of the celestial objects, their 
rotations, orbits, alignments, occultation 
and eclipses, etc., with the relevant 
mathematics like algebra, arithmetic, 
geometry and trigonometry and also 
concerns with the question of the origin 
of the universe is called a Siddhanta. 
One will notice that Siddhanta Darpana 
with 24 chapters and 2500 SI okas, out 
of which 2284 are Samanta’s own com¬ 
position and 216 are citations from the 
ealier authors, falls short of none of 
these qualifications. Chandra Sekhar 
has made original contributions to most 


of the aforesaid topics dealt with in his 
astronomical treatise. 

It will not be out of place here to give 
a brief contentwise description of 
Siddhanta Darpana. It is broadly di¬ 
vided into two parts, viz. Purvardha 
(first half) and Uttarardha (latter half). 
The first half contains 15 chapters and 
the latter half 9. The chapters are further 
grouped under five sections, namely, 
Madhyadhikara, Sphutadhikara, Tri- 
prasnadhikara, Goladhikara and 
Kaladhikara. The first two sections deal 
with the mean motion and the true posi¬ 
tions of the planets, respectively. The 


third section deals with motion described 
in terms of space, time and direction. The 
fourth section gives an account of the rele¬ 
vant mathematics like spherical trigonome¬ 
try and geometry, etc. The fifth section 
describes different ways of reckoning time. 
The distribution of chapters and Slokas 
along with the title of the topic dealt with 
in each chapter, is given in Table 1. 

The contents of Siddhanta Darpana 
look amazing as the achievement of a 
single mind. Chandra Sekhar has ob¬ 
served, verified and corrected wherever 
necessary all that was known to the 
Hindu astronomers for thousands of 
years. Very often he has gone beyond 
them to discover new phenomena and to 
give new formulations and comes out 
with predictions supposed to remain 
valid for at least 10,000 years to come. 
We give below an outline of his contri¬ 
butions to the four important aspects of 
astronomy, namely (i) observation, (ii) 
calculation, (iii) method of measure¬ 
ment and instrumentation and (iv) the¬ 
ory and model. 

Observation 

As indicated in the introduction, the 
discrepancy between predictions of the 
ancient Siddhantas and his own obser¬ 
vations prompted Chandra Sekhar to 
embark upon serious iavestigation. He 
has made it clear that, apart from purely 
theoretical questions, nothing has been 
recorded in the Darpana without verifi¬ 
cation through observations. 

In the third chapter of the treatise, 
Samanta enters into discussion on the 
planets. Let us look at the sidereal peri¬ 
ods (time taken for a complete revolu¬ 
tion with respect to ‘a fixed’ star) of the 
planets as ascertained by him. For com¬ 
parison, the periods given in Surya 
Siddhanta and Siddhanta Siromani, the 


Table 2. Sidereal periods of the planets in mean solar days. The data in the last column are taken from ref. 19 and 

the remaining ones from refs 3 and 20 


Planet 

Surya 

Siddhanta 

Siddhanta Siromani 

Siddhanta Darpana 

European values 
as in 1899 

Modern values 

Sun 

365.25875 

365.25843 

365.25875 

365.25637 

365.25636 

Moon 

27.32167 

27.32114 

27.32167 

27.32166 

27.3216615 

Mars 

686.9975 

686.9979 

686.9857 

686.9794 

686.97982 

Mercury 

87.9585 

87.9699 

87.9701 

87.9692 

87.969256 

Jupiter 

4332.3206 

4332.2408 

4332.6278 

4332.5848 

4332.589 

Venus 

224.6985 

224.9679 

224.7023 

224.7007 

224.70080 

Saturn 

10765.7730 

10765.8152 

10759.7605 

10759.2197 

10759.23 
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Table 3. Inclination of the orbits of planets to the ecliptic. The data in the last column are taken from ref. 19 and the remaining ones from 

refs 3 and 20.The quantities are in degree, minute and second 


Planet 

Surya Siddhanta 

Siddhanta Siromani 

Siddhanta Darpana 

European values as in 1899 

Modern values 

Moon 

4 30 0 

4 30 0 

5 09 0 

5 08 48 

5 08 33 

Mars 

1 30 0 

1 50 0 

1 51 0 

1 51 2 

1 50 59 

Mercury 

5 55 0 

6 55 0 

720 

7 00 08 

7 00 18 

Jupiter 

1 0 0 

1 160 

1 18 0 

1 1841 

1 18 18 

Venus 

2 46 0 

360 

3 23 0 

3 53 35 

3 23 41 

Saturn 

200 

2 40 0 

2 29 0 

2 29 40 

2 29 10 


Table 4. Greatest equations of sun and moon (see text). The data are taken 
from ref. 3. The quantities are in degree, minute and second 


Celestial body 

Surya Siddhanta 

Siddhanta Darpana 

Western astronomy 
as in 1899 

Sun 

2 10 30 

1 55 33 

1 55 19 

Moon 

5 2 46 

5 1 10 

6 3 41 


European values as known in 1899, and 
the modern ones are presented side by 
side in Table 2. It may be noted that 
Chandra Sekhar has arrived at the same 
values for the periods of the sun and the 
moon as in Surya Siddhanta, which 
agree with the modern values up to sec¬ 
ond and third decimal places, respec¬ 
tively. But in the case of the slow- 
moving planets like Jupiter and Saturn, 
his results are surprisingly in closer 
agreement with the modern values 
than those of the other two Siddhantas. 
Table 3 gives a comparison of the 
mean inclination of the orbits of the 
planets to the ecliptic. It can be seen 
that, of the three classical works 
quoted here the values of Siddhanta 
Darpana are the closest to those of 
modern astronomy. 

The angular position of a planet in its 
orbit, with respect to the force centre, is 
called the ‘true anomaly’. The eccentric 
angle of the planet on the auxiliary cir¬ 
cle is the ‘eccentric anomaly’. Their 
difference is the equation of anomaly, 
the greatest value of which is a measure 
of eccentricity. The greatest equations 
given by Samanta in the case of the sun 
and the moon agree within seconds with 
the Western astronomy (Table 4). The 
intersection positions of the moon’s 
orbit with the ecliptic are called Rahu 
and Ketu in the traditional Indian as¬ 
tronomy. In the Western astronomy they 
are called the nodes of moon. The mini¬ 
mum distance position of the moon from 
the earth is called the perigee. Table 5 
shows a comparison of the sidereal periods 
of these nodes and the perigee. 


Further, Chandra Sekhar gives a cor¬ 
rection to be applied to Mandocca (the 
farthest position on the orbit from the 
force centre) of Mercury, Mars and Sat¬ 
urn and calls it "Parocca correction". 
The maximum values of these correc¬ 
tions are 12^20', 7°30' and 5° for the 
above three planets, respectively. 

In observation of the moon, Samanta 
Chandra Sekhar noticed three important 
irregularities. They are Tungantara 
(evection), Pakshika (variation) and 
Digamsa (annual equation). In terms of 
modern understanding®’^, recognition of 
these three irregularities is as follows: 

(i) Tungantara (evection) is the larg¬ 
est of the irregularities. It depends on 
the changing position of the apse line 
(the line joining the maximum and the 
minimum distance positions from the 
force centre, i.e. the earth) in successive 
lunar months. It further has the follow¬ 
ing two effects: 

(a) The apse line advances as a whole 
while undergoing oscillatory motion. 
However, it retrogrades when the peri¬ 
gee (maximum distance from the earth) 
occurs at the first and third quarters of a 
lunar month. 

(b) The eccentricity also oscillates, 
attaining a maximum of 0.066, when 
perigee occurs at new or full moon, and 
a minimum of 0.044, when it occurs at 
first or third quarter. This perturbation 
effectively puts the moon forward or 
backward from the expected position by 
about a degree. The maximum of this 
irregularity according to modern astron¬ 
omy is 1°17', whereas Samanta 


Chandra Sekhar observed it to be at 
most 2°40'. 

(ii) Pakshika (variation): From new 
moon to full moon, i.e. during the 
bright fortnight of the lunar month, the 
attractive force of the sun on the moon 
retards it. And during the dark fortnight, 
the effect is opposite and the moon is 
accelerated. This causes a maximum 
shift in the position of the moon by 
39'31" according to modern astronomy. 
Samanta’s value of 38H2" for maxi¬ 
mum of this effect is surprisingly close 
to the modern value. 

(iii) Digamsa (annual equation): This 
is another irregularity in the position of 
the moon, which arises due to variation 
in sun-moon distance as the earth orbits 
round the sun. Obviously, its period is 
one year. The maximum value of this 
correction is 11'9" as per modern as¬ 
tronomy, and Samanta’s value of 12' is 
fairly close to it. 

Chandra Sekhar has clearly men¬ 
tioned m Siddhanta Darpana that Tun¬ 
gantara was known to his predecessors. 
However, J. C. Ray in his introduction 
to Siddhanta Darpana says: ‘In comput¬ 
ing the moon’s place, Chandra Sekhar 
has discovered some original correc¬ 
tions - original in the sense of their 
having been unknown to the ancient 
astronomers of our country’^. Even 
Burgess*^ in his English translation of 
Surya Siddhanta says that the Hindus 
did not take any notice of evection. 
However, the latest view on this issue is 
that of P. C. Sengupta^^ who concludes 
that evection and variation were intro¬ 
duced by Munjala and Bhaskara. Never¬ 
theless, it is definite that Samanta 
Chandra Sekhar was the only Indian 
astronomer of traditional school to have 
discovered Digamsa and took into ac¬ 
count all the three irregularities and 
measured them with utmost accuracy. In 
passing, it will not be out of place to 
mention that Tycho Brahe was the first 
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Table 5. Sidereal periods of the nodes (Rahu and Ketu) and the perigee in mean solar days (see text). The data in the last column 

are taken from ref. 19 and the remaining ones from refs 3 and 20 


European values as 


Entity 

Siddhanta 

Siddhanta Siromani 

Siddhanta Darpana 

in 1899 

Modern values 

Moon’s nodes 
Moon’s perigee 

6794.3948 

3232.094 

6793.2535 

3232.734 

6792.644 

3232.657 

6789.270 

3232.575 

6793.470 

3232.600 


Table 6. Rates of mean motion of the planets per day. The quantities in the upper line in each row in the third and fourth column are in 
sexagesimal system and the ones in the corresponding lower lines are in decimal system. The data under modern value are taken from 
ref. 19 and those due to other Siddhantasirom ref. 20. The quantities are in degree, minute and second 


Planet 

Modern value (Lahiri) 

Brahmagupta Sripati Bhaskar 

Samanta Chandra Sekhar 

Sun 

0 59 08.2 

0 59/8/10/21 

0 59 8.1725 

59/8/10/24/12/30/4/0/4 

0 59 8.1733912182 

Moon 

13 10 35.0 

13/10/34/53/0 

13 10 34.8833 

13/10/34/52/03/49/08/02/16/10/11 

13 10 34 8677275173 

Mars 

0.31 26.5 

0/31/26/28/7 

0 31 26.4686 

0.31 26.5018877228 

Mercury 

4 05 32.4 

4/05/32/18/28 

4 5 32.3077 


Jupiter 

0 04 59.1 

0/04/59/9/9 

0 04 59.1525 

0/04/59/05/37/0/36/41/17/01/51 

0 04 59.0936139473 

Venus 

1.36 07.7 

1/36/7/44/35 

1 36 7.74305 


Saturn 

0 02 01.9 

0/20/0/22/51 

0 2 0.380833 

0/02/0/26/55/02/53/21 /02/04/54 

Moon’s nodes 

-0 03 10.6 

0/03/10/48/20 

0 30 10.8055 

0 2 0.448624511 

0 03 10.7946631769 


Western astronomer to have detected and 
measured all these three irregularities. 

Another improvement made by 
Chandra Sekhar was in the case of 
parallaxes of sun and moon. Parallax is 
defined as the angle subtended by the 
radius of the earth at a heavenly body. 
The earlier Siddhantas took it to be 
3'56''at sun and 52'42"at moon. But 
since these are the quantities that enter 
into calculation of eclipses, Chandra Sek¬ 
har changed them to make the predictions 
agree with the observations. The ancient 
Indian astronomers place the sun at a 
distance not more than 14 times that of 
the moon from the earth, Chandra Sek¬ 
har hiked this ratio by more than ten 
times, to 154, which is much closer to 
the modern value of 390. 

Calculation 

Astronomy is a science in which obser¬ 
vation goes hand in hand with calcula¬ 
tion. Besides a thorough knowledge of 
the motion of the celestial objects, it 
requires sufficient computational skill to 
tackle the vast multitude of big numbers 
We will see in this section that Chandra 


Sekhar was extraordinary in this re¬ 
spect. Very often he has gone beyond 
his predecessors in precision of compu¬ 
tation and in giving new methods of 
calculation. 

To get positions of planets one has to 
do extremely careful calculations. In the 
traditional method one first calculates a 
mean position and then applies correc¬ 
tions to arrive at the true position. The 
calculation of mean position requires a 
mean rate of motion. Works in traditional 
astronomy clearly give these rates as 
accurately as possible. The earlier works 
are found to give these rates (mean angu¬ 
lar displacements per day) at best to five 
places in the sexagesimal system. But 
Chandra Sekhar gives these rates to ten 
places in the same system. For compari¬ 
son, we have presented in Table 6 the 
modem values of these rates in the deci¬ 
mal system and also given the traditional 
data converted into decimal system. 

Chandra Sekhar recognized that, in 
addition to the usual correction to the 
mean position, further finer corrections 
are needed from time to time to make 
accurate predictions. For each planet, he 
has provided such a correction to be 
applied for hundred million (one Arbuda) 


years. There are as many as 55 tables, 
each on an average having 50 numbers, 
sometimes given up to five places in 
sexagesimal system. These tables appear 
to be a challenge for one’s unaided 
computational skill. 

Regarding the measurement of longi¬ 
tudes of the celestial bodies, there is a 
fundamental difference between the 
Western system and that of the Hindus. 
In the former system, it is measured 
with respect to the vernal equinox, i.e. 
one of the point of intersection of the 
celestial equator with the ecliptic. The 
Hindu system measures it with respect 
to a fixed point (a particular star) on the 
ecliptic. It is the starting point of zodiac 
and its longitude is the Ayanamsa. But 
it may be pointed out that the axis of the 
earth undergoes a processional motion 
with a period of about 25,800 years. 
This causes a shift in the position of the 
equinox and also in that of the reference 
star, which according to the traditional 
Indian astronomy is called Ayana- 
calana. So, this effect must be taken 
into account in fixing the Ayanamsa of 
the reference point. A correct determi¬ 
nation of the Ayanamsa involves a 
number of factors like the rate of pre- 
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cession, the exact length of a year, the 
year of the zero Ayanamsa and the star of 
reference. A critical discussion of the 
matter is found in the introduction to 
Siddhanta Darpana^. Surya Siddhanta, 
Soma Siddhanta, Sakalya Siddhanta, and 
Laghu Vasistha, etc., have given the rate 
of precession as lying in the range 54" to 
46".25 per year. However, Bhasvati and 
Graha Laghava have found the value to 
be nearly 60". But Chandra Sekhar’s 
value is 57.615" per year. 

The modern value of the processional 
rate is, however, 50.3" per year. Thus, 
it appears that the Indian rates quoted 
above are in disagreement with the 
modern value. Therefore, it is desirable 
to understand how such varying rates of 
precision which sensitively affect the 
fixation of Ayanamsa could give mean¬ 
ingful prediction in the ancient Indian 
astronomy. Ray gives a solution to this 
puzzle. He points out that the Indian 
astronomers take the sidereal year for 
calculation of the rate of precession, in 
contrast to the tropical year, taken in the 
West. Since the sidereal year is longer 
by a few minutes, the sun advances by an 
amount of 8.4" during this interval of time 
difference. This has an effect on the calcu¬ 
lation of precession of equinox and the 
amount has to be deducted from the rates 
given by various authors. When this cor¬ 
rection is taken into account, Samanta’s 
value turn out to. be 49". 179 per year, 
which is much closer to the modern value. 

Chandra Sekhar has devised a dia- 
gramatic or graphical method 
{Parilekha) for calculations of eclipses 
and many other phenomena. In this 
method, when the nature and periodicity 
of the motion of the heavenly bodies are 
known, one can simulate the phenomena 
by constructing geometrical diagrams 
on the plain surface and use them for 
computation of dynamical quantities. 
This method might be akin to the nu¬ 
merical evaluation of integrals. Espe¬ 
cially, he tackles the calculations of the 
three well-known irregularities of the 
moon with simple geometrical arguments. 
It is needless to say that his calculations of 
eclipses are accurate and agree with obser¬ 
vations. It may be noted here that this has 
been the guide in the preparation of the 
almanac used in Orissa since about 1870. 

Before concluding this section, we 
would like to point out at least two facts 
of mathematical interest from Siddhanta 
Darpana. Samanta does not accept the 


value of K as Till; instead, he takes it to 
be 3927/1250 and also 600/191. He 
seems to have provided a new method for 
computing the cube root of numbers 
which is different from that of Bhaskara. 

Measurement and instrumen¬ 
tation 

Chandra Sekhar was unaware of the 
scientific and technological develop¬ 
ments that had already taken place in 
the West. He had not seen or even heard 
of a telescope until his very old age. So 
he employed the traditional methods for 
astronomical measurements. He had de¬ 
vised some new instruments for the pur¬ 
pose. It is a remarkable point that Jai 
Singh in the 18th century built a number 
of observatories in the northern part of 
the country. His instruments for meas¬ 
urements in these observatories are rather 
gigantic. In sharp contrast, Chandra Sek¬ 
har, who worked about 150 years later, 
fabricated quite simple and small devices 
and made accurate observations. 

Before attempting to give an account 
of his astronomical Yantras, we would 
like to mention an interesting fact about 
Chandra Sekhar’s ability for measure¬ 
ments. The children at primary schools 
in Orissa today read it as a myth that 
Samanta measured the heights of distant 
mountains with a pair of tiny sticks. The 
simplest of his stick instruments is the 
Sanku (pole). Of course, it was used 
also by the Greeks under the name 
'gnomon\ It is not difficult to find out 
the latitude of a place by observing the 
shadow of the Sanku, cast by the sun. But 
more interesting is, Chandra Sekhar’s 
calculation of local time from the shadow. 

Chandra Sekhar’s most talked of in¬ 
strument is the Mana Yantra. Details of 
construction of this instrument have 
been described in Siddhanta Darpana. 
Chandra Sekhar used this Yantra as a 
multipurpose device. A simpler version 
of this Yantra is a two-stick arrange-, 
ment in the form of‘T’, which he could 
fabricate quickly, and measure the 
height and distance of mountains, etc., 
whenever occasion demanded. 

Samanta has described in detail the 
construction techniques for varieties of 
Gola-yantra that he used to measure the 
positions of planets. There is a mention 
of as many as ten different devices for 
measurement of time in Siddhanta 


Darpana. Models of some of these, includ¬ 
ing a Gola-yantra have recently been ex¬ 
hibited at the Regional Science Centre, 
Bhubaneswar. Samanta Chandra Sekhar 
has devoted a full chapter of Siddhanta 
Darpana to describing the construction 
and use of instruments. Such instruments, 
by today’s standard, are crude, but using 
them he could arrive at results in close 
agreement with modern values, primarily 
due to his skill, attained through long 
years of dedication and practice. 

Theory and model 

The most prominent of Chandra Sek¬ 
har’s theoretical contributions is his 
model of the planetary system, which is 
different from those of his predecessors 
in India. Samanta supported a station¬ 
ary-earth hypothesis, with sun, moon 
and stars revolving around the earth. 
But it has the novel feature that planets 
like Mercury, Venus, Mars, Jupiter and 
Saturn go around the sun, and the sun 
moves around the earth together with these 
companions. This is evident from the fol¬ 
lowing Slokas of Siddhanta Darpana: 



cirn#ERriJTT 

cT ■HWt 3^; 

L|Rrt)WRl qWTIcl. ^ I 

S. D. Ch. V Slokas 6 and 7 

Thus, he assigned heliocentric motion 
to the planets. Incidentally, a similar 
model was proposed by Tycho Brahe in 
the West in the late sixteenth century. A 
recent work by Ramsubramanian et al}'^ 
brings to light that a similar model of 
the planetary system was given by 
Nilakantha Somasutvan of the Kerala 
school by 1500 AD. 

Conclusion 

We have attempted to give a brief 
sketch of the extraordinary life and 
work of Samanta Chandra Sekhar here. 
Unfortunately, due to various historical 
and geographical reasons, his true posi¬ 
tion in ancient Indian astronomy has not 
been ascertained so far. Ray has drawn a 
nice parallelism between the life and 
works of Samanta Chandra Sekhar and of 
Tycho Brahe. The journal Nature com- 
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merits'^: ‘Prof. Ray compares the author 
very properly to Tycho. But we should 
imagine him to be greater.’ The impor¬ 
tance of Samanta’s work and the quality 
of his observations with naked eye have 
got true recognition through the com¬ 
ments made in the journal Knowledge^: 
‘Of all the numerous works on astronomy 
that have been published within the last 
few years, this is by far the most ex¬ 
traordinary and in some respects the most 

instructive.It is a complete system of 

astronomy founded upon naked-eye ob¬ 
servations only.The work is of impor¬ 

tance and interest to us Westerners also. 
It demonstrates the degree of accuracy 
which was possible in astronomical ob¬ 
servation before the invention of tele¬ 
scope.’ Here it will be probably fair to 
state that Samanta Chandra Sekhar be¬ 
longs to the same class of Indian as¬ 
tronomers as Aryabhata, Varahamihira, 
Brahmagupta and Bhaskara. 

It is unfortunate that Chandra Sekhar 
is almost unknown outside Orissa. This 
has so happened probably because he 
lived and worked during a period which 
was about 300 years after Orissa lost its 
pristine glory and preeminent position 
in the Indian subcontinent^^"'^. Al¬ 
though Orissa came under British rule 
in 1803, it continued to remain in vir¬ 
tual darkness during the lifetirpe of 
Samanta, being deprived of the advan¬ 
tage of modern education. 

Almost a century has passed since the 
publication of Siddhanta Darpana. Its 
author passed away in 1904 living in the 
midst of poverty and struggle. The only 
recognition for the scientist during his 
lifetime was the acceptance of his astro¬ 
nomical prescriptions for regulation of 
the rituals at the Jagannath temple and 
the award of the title of Harichandan 


Mahapatra by Gajpati king of Puri in 
1870. Of course, the title of Mahama- 
hopadhyaya was conferred upon him by 
the British Government in 1893. 

It is a matter of some relief that 
Kochhar and Narlikar’^ and SriRam^® 
have recently referred to the work of 
Samanta Chandra Sekhar. Nevertheless, 
Siddhanta Darpana continues to serve 
the people of Orissa by providing the 
basis for the preparation of its almanac. 
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In this issue 


Investigating cosmic rays and 
gamma ray bursts 

The present century has witnessed 
many revolutions in astronomical 
techniques. Gone are the days when 
all the information about the Uni¬ 
verse used to be collected through 
a narrow band of the electromagnetic 
radiation spectrum, for which we are 
endowed with a natural detector—the 
human eye. First to appear outside 
this restricted channel was cosmic 
rays, discovered by Hesse in 1912, 
followed by radio and infrared, and 
then higher energy radiations with 
the opening up of the space window. 
In this issue we have two excellent 
articles reviewing two of such new 
techniques, giving first hand know¬ 
ledge from their own scientific 
efforts. 

^Cosmic rays’, named by Millikan 
shortly after the discovery, is not a 
happy choice, as the pair of words 
conceal two misconceptions about the 
phenomena: These are not rays, but 
streams of very high energy particles, 
and we are still at a loss to understand 
their origin. To confound the issue 
further ‘primary cosmic ray’ particles 
are not directly detectable from 
ground being extensively modified 
by our atmospheric envelope. So, 
efforts were made over decades to 
hoist instruments up by balloons, 
rockets, satellites and space probes 
beyond our near space environment. 
In this direction the Indian collabora¬ 
tive effort ‘Anuradha’ has been a 
remarkable success; the story of its 
conception, design, fabrication and 
flight in a space shuttle has been 
described (page 721) by the leader 
of the project team, unfolding some 
glimpses of new findings of the 
nature of these particles. 

The second topic covers the very 
high energy radiations from some 
cosmic sources; the article has been 
written by a team of scientists from 
ISRO who themselves have made 
considerable contributions. Gamma 
ray bursts were serendipitously dis¬ 
covered from some satellite experi¬ 
ments in late sixties; the observations 


had posed a puzzle, and ever since 
efforts towards unfolding their secrets 
are being pursued. The Indian scien¬ 
tific team has designed, fabricated 
new instruments and have them in¬ 
stalled in two of their multi-purpose 
satellites. The article (page 732) 
describes the mystery surrounding the 
phenomena and suggests new efforts 
needed for understanding them. 

J. C. Bhattacharyya 

Going beyond the Born-Oppen- 
heimer description 

One of the greatest challenges to 
chemical theory is the derivation of 
molecular level understanding of 
macroscopic properties. Two types 
of computational methods are cur¬ 
rently employed for this purpose. 
First, single molecules or small 
clusters of them are studied using 
quantum chemical methods. Although 
the systems consist of interacting 
nuclei and electrons, a common 
approach is to treat the problem in 
stages. For a given frozen nuclear 
configuration, the electronic energy 
is computed. The process is repeated 
for different geometries to obtain a 
multi-dimensional potential energy 
surface. The problem of what the 
nuclei do in such a surface is solved 
subsequently. When a large collection 
of molecules is involved, Monte 
Carlo and Molecular Dynamics rep¬ 
resent the best methods to use. The 
range of geometric configurations the 
system can adopt is generated by a 
Boltzmann sampling or by solving 
Newton’s equation of motion. Of 
course, these calculations often use 
empirical potential functions and do 
not necessarily rely on PE surfaces 
derived from quantum chemical cal¬ 
culations. 

An alternative computational 
strategy is becoming increasingly 
popular. It is to treat nuclear and 
electronic motions at the same time. 
The energetics of a system as it 
dynamically responds to changes in 
nuclear and electronic coordinates is 
evaluated using Quantum Monte 


Carlo methods. Technical details as 
well as computational nuances of 
these procedures are reviewed by 
C. Chakravarty (page 739). Some 
representative applications of the 
methods to interesting chemical 
problems are also discussed. 

J. Chandrasekhar 


Fighting oxidative damage with 
vitamin C 

Linus Pauling’s enthusiastic espousal 
of the use of mega doses of vitamin 
C for staving off the common cold 
and cancer may not have found much 
favour in the scientific establishment. 
The Pauling campaign however 
promoted the widespread use of 
vitamin C and millions around the 
world probably have their own tales 
to tell of the benefits of regular 
consumption. The vitamin itself was 
first discovered accidentally, with the 
discoverer, Albert Szent-Gyorgi 
having no pretensions to belonging 
to the heroic tribe of vitamin hunters 
of the early decades of this century. 
Indeed, Szent-Gyorgi irreverently 
christened the white crystals, ignose’ 
(‘ig’ for ignorance and ‘ose’ for 
sugar). Hexuronic acid and ascorbic 
acid were names that came later. 
While vitamin C was originally iden¬ 
tified as the anti-scurvy factor its 
biochemical functions are diverse, 
stemming almost exclusively from 
its anti-oxidant properties. Oxidative 
processes are associated with many 
degenerative conditions and aging; 
unsurprisingly antioxidants are fre¬ 
quently touted as the universal 
panacea against a wide spectrum of 
physiological disorders. 

In India, research on the biosyn¬ 
thesis of ascorbic acid was pioneered 
in the 1950s by B. C. Guha in 
Calcutta. This tradition has been well 
maintained in many of the researches 
on vitamin C that are described by 
I. B. Chatterjee and coworkers on 
page 747. 

P. Balaram 
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Microbiology in India 

Ramesh Maheswari’s article on ‘Whither 
microbiology? (Curr. ScL, 1995, 69, 401- 
406) should be an eye opener to all those 
microbiologists in India who think that 
salvation exists only in gene cloning and 
genetic engineering. We have not even 
seen a tenth of the microbial world and 
there is a lot more to explore and under¬ 
stand. What we have understood so far 
should form the basis of future biology, 
as Maheswari points out. The lopsided 
support that microbiology receives is one 
reason for believing that microbiology is 
not dead but is moribund. Neglect of 
classical microbiology is the reason why 
our national committee on plague has so 
far been unable to say what exactly caused 
the Surat epidemic. Carl Woese’s thesis 
is only partly correct. Such ups and downs 
are seen in every branch of science. The 
reemergence of some of the well-known 


diseases is one instance where the Western 
world has realized the importance of clas¬ 
sical microbiology. Let us not be dis¬ 
couraged by all that people in the West 
have to say. After all, all that comes 
from the West need not be the best. 
Undoubtedly, there is a need to reorient 
our teaching and research in microbiology 
if we are to meet the challenges of the 
21st century. It is a pity that although 
this subject has been taught in more than 
40 Indian universities under the UGC 
cover both at undergraduate and post¬ 
graduate levels, there is as yet no attempt 
made to evolve a standard undergraduate 
curriculum. There is no need to despair 
but there is certainly a need to evolve a 
new trend in teaching microbiology to 
include both classical and modern aspects. 

P. Tauro 

Department of Microbiology, 

Haryana Agricultural University, 

Hisar, India 


CORRESPONDENCE 

Feast of the Gods? 

Total solar eclipse - October 1995 
(J. C. Bhattacharyya, Curr. Sci., 1995, 
69, 486—488), will indeed be a spectacular 
event, which is bound to be fascinating 
for astrophysicists and equally for 
enthusiastic viewers. The mention of the 
comments of Dr M. K. V. Bappu, on 
the total solar eclipse of 1980, is full of 
aesthetic sense of feelings but the attempt 
to mix science with the feast of the Gods 
or for that matter with God even, sounds 
a strange contradiction. 


R. R. Upadhyay 

Upadhyay Cancer Research Institute, 
Campus Kothi Kake Babu, 

Deo Kali Road, 

Faizabad 224 001, India 


NEWS 


Nobel Peace Prize for 1995 to Joseph Rotblat and the Pugwash 
Conferences on Science and World Affairs 


The Norwegian Nobel Committee has 
awarded the Nobel Peace Prize for 1995, 
in two equal parts, to Joseph Rotblat and 
to the Pugwash Conferences on Science 
and World Affairs, for their efforts to 
diminish the part played by nuclear arms 
in international politics and in the longer 
run to eliminate such arms. 

It is fifty years this year since the two 
atomic bombs were dropped on Hiroshima 
and Nagasaki, and forty years since the 
issuing of the Russell-Einstein Manifesto. 
The Manifesto laid the foundations for 
the Pugwash Conferences, which have 


maintained a high level of activity to this 
day. Joseph Rotblat was one of the eleven 
scientists behind the Manifesto, and has 
since been the most important figure in 
the Pugwash work. 

The Conferences are based on the 
recognition of the responsibility of scien¬ 
tists for their inventions. They have under¬ 
lined the catastrophic consequences of 
the use of the new weapons. They have 
brought together scientists and decision¬ 
makers to collaborate across political 
divides on constructive proposals for 
reducing the nuclear threat. 


The Pugwash Conferences are 
founded in the desire to see all nuclear 
arms destroyed and, ultimately, in a 
vision of other solutions to inter¬ 
national disputes than war. The Pug¬ 
wash Conference in Hiroshima in July 
this year declared that we have the 
opportunity today of approaching 
those goals. It is the Committee’s 
hope that the award of the Nobel 
Peace Prize for 1995 to Rotblat and 
to Pugwash will encourage world 
leaders to intensify their efforts to rid 
the world of nuclear weapons. 
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SCIENTIFIC CORRESPONDENCE 


A note on the occurrence of columbite-tantalite bearing pegmatite 
at Limboi, District Sabarkantha, Gujarat 


Although some rare earth and rare metal 
minerals like gadolinite (Be 2 FeY 2 Si 20 iQ) 
associated with distinct large crystals of 
tin, from some tourmaline pegmatite of 
Palanpur-Hosainpur area' and pyrochlore 
(Na 2 CaNb 206 ) from carbonatite of Am- 
badongar area^ are recorded in Gujarat, 
the presently reported columbite-tantalite 
(Fe, Mn) O (Nb, Ta )205 mineralization, 
which occurs as a discrete mineral phase 
in the granitic pegmatite in the Limboi 
area, district Sabarkantha, is first of its 
kind located in Gujarat. 

Columbite-tantalite mineralization in 
the deluvial/eluvial pegmatite gravel 
around the quartz core, with a grade of 
0.03-0.06% of the mineral by weight, 
has been established by preliminary test- 
pitting and panning at Limboi. Columbite- 
tantalite pieces vary from 5 to 50 mm 
across and a sample analysed by X-ray 
fluorescence (XRF) has 60.07% Nb 20 g, 
15.35% Ta 205 , 1.29% Y 2 O 3 , 1559 ppm 
Sn, 0.30% Ce 203 and less than 20 ppm 
Ba. Columbite-tantalite (confirmed by X- 
ray diffraction studies) is radioactive and 
has assayed 1 . 2 % ellgOg, 0 . 2 % 1130 ^ and 
2 . 4 % ThO,, by conventional radiometric 
methods. Chemical analysis of another 
columbite-tantalite sample from the Lim¬ 
boi occurrence has shown 53.6% Nb 205 , 
12 . 1 % Ta^Og, 1.5% TiO,, 2.71% Y 2 O 3 , 
1.3% WO 3 , less than 0.1% Sn 02 besides 
0.288% UgOy and 1100 ppm Th 02 . Other 
ore minerals that are present at Limboi 
include fersmite (Ca, Ce, Na) (Nb, Ta, 
Ti )2 (O, OH, F)g, fluorite and beryl. 

The Limboi columbite-tantalite pegma¬ 
tite, emplaced within the Idar granite 
pluton is an interior type of zoned granitic 
pegmatite which trends NNE-SSW and 
measures 350 x200 m (Figure 1) and 
forms two distinct mounds. It comprises 
a prominent and highly fractured quartz 
core surrounded by an intergrowth zone 
consisting of quartz, K-feldspar, mus¬ 
covite and tourmaline with columbite- 
tantalite, fersmite, fluorite and beryl. This 
zone is largely covered by soil and eluvial 
gravels. High yttrium content up to 2.71% 
Y 2 O 3 in the columbite-tantalite samples 
from this pegmatite may suggest possible 
presence of xenotime, in the vicinity. 

In view of a close cluster of pegmatites 
and massive quartz veins in the Idar- 


Verabar ghat section, the area in the 
neighbourhood of Limboi pegmatitic 
occurrence was further examined, to 
explore the possibilities of locating some 
more columbite-tantalite occurrences. 
This resulted in the location of three 
more pegmatite occurrences, viz. Sarangpur, 
Sabalwada and Bhavangadh (Figure 2). 
Columbite-tantalite samples from Sarang¬ 
pur (23“51'47"N :7r57'4r''E, Toposheet 
No. 46A/13) have shown 51.80 to 52.89% 
Nb20g, 21.07 to 21.37% Ta 205 and 1.87 
to 2 . 01 % Sn 02 . 

The proterozoic rocks of the north 
Gujarat comprise mainly the metasedi¬ 
mentary sequences of the Aravalli and 
Delhi Supergroups with associated 
synkinematic as well as post kinematic, 
(Post Delhi), late Proterozoic granites. 
Post tectonic suites of intrusive granitic 
rock with dominant pegmatitic phases 
characteristically mark the close of 
igneous activity. The intmsion of 


granitoids during the period 950-700 Ma 
also resulted in widespread migmatization 
of the preexisting rocks in North Gujarat 
and SW Rajasthan, in the southern part 
of Aravalli-Delhi fold belt. Such younger 
phases of granitoids are known to yield 
residual fluids, which could be anoma¬ 
lously rich in rare metals and rare earths, 
depending upon the degree of fractiona¬ 
tion. The trace element geochemistry and 
geochronology of the Idar granite'^ clearly 
correspond with the Erinpura granitic suite 
of rocks, dated 740±10Ma (ref. 4), 
occupying large tracts in the adjoining 
Banaskantha district (Gujarat) and Sirohi 
district (Rajasthan). These are highly dif¬ 
ferentiated granites and constitute younger 
fertile phases which might have con¬ 
tributed rare metals and rare earths to 
the mid-Proterozoic metasediments of 
Delhi Supergroup, in the contact zones 
and peripheral parts of the granite 
batholith. 



Figure 1. Geological map of Limboi pegmatite, Sabarkantha district, 
Gujarat. 
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SCIENTIFIC CORRESPONDENCE 



The presence of columbite-tantalite- 
bearing pegmatites around Limboi and 
granitic terrain occupying about 1200 km^ 
have opened up vast area for exploration 
of rare metals and rare earths. Follow-up 
investigations in the area around Verabar, 
Kawa, Dharoi, Nadri, Nawawas, in the 
Sabarkantha district of Gujarat and also 


in the adjoining Banaskantha district of 
Gujarat and Sirohi district of southwestern 
Rajasthan are likely to be rewarding, as 
fertile granites are present in the area. 
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Discovery of the new radiation belt of the earth 


Sukumar Biswas 

The discovery of the new-the third- 
radiation belt of the earth has followed 
from the results obtained with the help 
of earth-orbiting satellites^ This discovery 
was made in three stages. The first 
evidence came in a striking manner in 
ihe Indian cosmic-ray experiment"’^ in the 
SKYLAB-III mission of NASA during 
1973-74. Further evidence was obtained 
from the results of the COSMOS satel¬ 
lites^ of USSR flown in 1985-88. Finally, 
the confirmation and identification of the 
new belt was made from the results of 
the SAMPEX satellite^ of NASA of USA 
in 1993. 

Firstly, let us have a brief look at the 
two well-known radiation belts of the 
earth, the inner and outer belts discovered 
in 1958-59. These are also called Van 
Allen Belts after their discoverer, J. A. 
Van Allen of USA. A number of satellite 


experiments were needed to understand 
their properties and origin. The inner belt 
consists of energetic charged particles, most¬ 
ly protons (of energy ~ 10 to 100 MeV) 
and some electrons which are confined 
in a dough-nut shaped volume around 
the earth by the earth’s magnetic field. 
The charged particles travel in spiralling 
paths around the magnetic field lines and 
they oscillate between the north and south 
hemispheres. At the same time they circle 
around the earth, forming a belt-like struc¬ 
ture. The centre of the inner belt is 
located at about 3,600 km altitude where 
intensity of fast protons is enormously 
high. Similarly, the outer belt, which is 
composed of mostly fast-moving 
electrons, extends from ~ 10,000 to 70,000 
km altitude. It has extremely high intensity 
of fast electrons near its core at 20,000- 
30,000 km. These trapped radiation belts 


present serious radiation hazards to man 
and instruments in these regions of 
space. 

A new kind of cosmic rays were first 
seen in interplanetary space in experi¬ 
ments on Pioneer 10 and 11 and IMP-8 
spacecrafts of USA in 1973-74 (refs. 
6-8). These new components of cosmic 
rays, called anomalous cosmic rays, were 
first seen in near-earth space, inside the 
earth’s magnetic field in the Indian cos¬ 
mic-ray experiment^’^ on the Skylab-III 
mission of NASA. The surprising result 
found in this experiment was that the 
measured intensity in the solid state track 
detectors in Skylab was at least 25 times 
higher than the calculated value from the 
data in interplanetary space. How could 
it be possible? 

It was proposed by the Indian group^ 
that some of the anomalous cosmic-ray 
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PROPAGATION OF COSMIC RAY O"’ IONS 
IN THE MAGNETOSPHERE 



MODEL 

STRIPPING NEAR MIRROR POINTS 
(BLAKE a FRIESEN . 1977 ) 

(i) LOW ENERGY COSMIC RAY O"^' IONS REACH HIGH 
X > 50“ 

(ii) O’*"' IONS (STRIPPING AT/NEAR MIRROR POINTS) 

-► _O'*'® IONS. 

QUASI-TRAPPED IONS IN MAGNETOSPHERE. 

Figure 1. A sketch of the model of the 
origin of the newly-discovered radiation 
belt of the earth originating from the 
trapped anomalous cosmic ray particles, 
such as (from ref. 3). For details see 
text. 

particles were trapped in the earth’s mag¬ 
netic field and these trapped or quasi- 
trapped particles were responsible for the 
excess flux. The mechanism for trapping 
was also suggested^ by the Indian group. 
This mechanism, which is discussed a 
little later, is now accepted as the model 
for the origin of the trapped anomalous 
cosmic rays. In the Skylab experiment it 
was, however, not possible to locate the 
position of the new trapped component, 
for which more detailed experimentation 
was necessary. 

A few attempts were made in early 
1980s on this problem, but without suc¬ 
cess. In 1985-88, the USSR group made 
several COSMOS satellite flights with 
solid state track detectors, in some of 
which they noted double-peaked angular 
distributions of the oxygen ions of 
anomalous cosmic rays'^. These were in¬ 
terpreted as arising due to the presence 
of a trapped component. Thus the 
evidence for the trapped component be¬ 
came stronger. 


In 1992-94, the Caltech and NASA 
groups of USA flew a sophisticated mass 
spectrometer experiment in a NASA satel¬ 
lite, SAMPEX, whose orbit was at a 
higher altitude of 670 km. It was a polar- 
orbiting satellite with orbital inclination 
of 82“ to the equator. The results from 
this experiment yielded the new evidence 
of the trapped anomalous cosmic rays^, 
which confirmed earlier observations. It 
showed a distinct component which was 
due to trapped heavy ions of anomalous 
cosmic rays (ACR) and was composed 
mainly of oxygen ions of about 10-50 
MeV/N. They located the new radiation 
belt of trapped ACR at a distance of 
about 6400 km above the equator. The 
trapped particles are confined in a torus¬ 
like region around the earth’s equatorial 
region. From this volume a small fraction 
of trapped particles leaks out in high 
altitude regions of the upper atmosphere 
above the South Atlantic ocean region 
and these were detected by the earth- 
orbiting satellites when they passed 
through this region. 

The mechanism for the formation of 
the trapped component of anomalous cos¬ 
mic rays was proposed by the Indian 
groups and this is shown schematically 
in Figure 1, which is reproduced from 
the paper of Biswas and Durgaprasad^. 
In this model it is proposed that singly 
ionized ions of anomalous cosmic rays, 
such as enter the geomagnetic field 
at high latitudes, say > 50“. Here a fraction 
of these suffer electron stripping process 
in the upper atmosphere near their mirror 
points according to Blake-Freisen mecha¬ 
nism^. The stripped ions having lower 
magnetic rigidities (i.e. momentum/effec¬ 
tive charge) are trapped, forming the 
trapped component of anomalous cosmic 
rays. One may note that in this picture 
the ACR ions should be singly ionized; 
several experiments have determined that 
ACR ions of O, N, Ne are singly ionized 
The trapped heavy ions of ACR are stored 


in the belt for periods ranging from less 
than a day to about one year, depending 
on the ionization loss in the thin rarified 
regions of space where gas densities range 
from about 10^ to 10^ atoms/cm'l 
One may ask about the scientific use¬ 
fulness or otherwise of this new radiation 
belt. The new belt is of weak intensity 
and so does not present any additional 
radiation hazard compared to the high 
intensity Van Allen belts. This belt, how¬ 
ever, provides a new advantage. It is now 
established that ACR particles originate 
from neutral atoms of nearby interstellar 
space^®; therefore the new belt of trapped 
ACR particles brings to us a sample of 
interstellar matter in near-earth space. 
Thus new properties of interstellar neutral 
matter, e.g. their isotopic composition, 
can be studied and new, important 
astrophysical knowledge may be obtained. 
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Gateways to the galaxy: New findings in 
cosmic rays from Spacelab-3 experiment 
‘Anuradha’ 


Sukumar Biswas and Jitendra Nath Goswami 

The Anuradha cosmic-ray experiment, flown on board Space Shuttle Spacelab-3, remains one 
of the most successful Indian space science experiments conducted so far. This experiment 
provided the first direct and unambiguous results on the ionization states of the newly discovered 
anomalous cosmic rays that conclusively established the interstellar neutral atoms as their 
source. New and unexpected results on the properties and composition of low-energy cosmic 
ray heavy nuclei were also obtained. The scientific and technical activities that made this 
experiment a reality—from the planning stage to its operation during the Spacelab-3 mission, 
and the details of the post-flight data analysis and synthesis that provided the new results are 
described. Some new possibilities have emerged for future space experiments in this area. 


Cosmic rays: A sample of galactic matter 

Like many branches of science cosmic rays had a 
humble beginning. In the early part of this century, 
soon after the discovery of radioactivity, scientists were 
puzzled to note the leakage of electric charge from 
well-insulated bodies. To explore this problem, the Ger¬ 
man scientist H. Hess had flown well-insulated electro¬ 
scopes in balloons in 1912, in one of which he himself 
was a passenger, and discovered that a penetrating 
radiation is impinging on the earth from extra-terrestrial 
sources. It was named cosmic rays by the American 
scientist R. A. Millikan, as the Sun could be ruled out 
as a source of this radiation. The energies of cosmic-ray 
particles are really astounding—it covers the vast span 
of about 10^ eV to as high as 10^” eV. With instruments 
flown in high-altitude balloons it was discovered that 
cosmic-ray particles are composed of atomic nuclei of 
various elements such as hydrogen, helium, carbon, 
nitrogen, oxygen, etc. up to iron. In fact elements up 
to uranium are also present in cosmic rays with small 
intensities. The cosmic rays thus provide us with an 
unique sample of matter from interstellar space and 
opened to us a new window to the universe—to explore 
high-energy processes in the galaxy and beyond. On 
anticipating the fascinating discoveries in the field of 
cosmic rays, the eminent scientists, J. J. Thomson and 
J. P. Thomson remarked in 1928: Tt would be one of 
the romances of science if these obscure and prosaic 

Sukumar Biswas is in the Tata Institute of Fundamental Research, 
Bombay 400 005, India, and Jitendra Nath Goswami is in the Physical 
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minute leakages of electricity from well-insulated bodies 
would be the means by which the most fundamental 
problems in the evolution of the cosmos came to be 
investigated.’ In the past decades many studies were 
made in spacecrafts to unravel the mysteries of the 
origin and acceleration of cosmic rays to high energies. 
In spite of spectacular progress, many of these problems 
still remain obscure and elusive. At present supernovae, 
their remnants, and pulsars are considered as likely 
sources of galactic cosmic rays; some of the radio¬ 
galaxies, quasars and active galactic nuclei could be 
possible sources of extragalactic cosmic rays. These 
studies have captured the fascination of numerous scien¬ 
tists in the world as high energy cosmic gateways to 
the galaxy and to the uni versed 

The discovery of anomalous cosmic rays 

In the early 1970s, a new component of cosmic rays 
was discovered by analysing the data recorded in cos¬ 
mic-ray detectors in Pioneer 10 and 11 spacecrafts that 
were on their way to Jupiter and in the interplanetary 
space probe IMP-8 orbiting the earth^""^. This component 
of low-energy cosmic rays of extra solar origin has 
some surprisingly new properties. In galactic cosmic 
rays, we normally have about 90% proton and ~ 9% of 
He, while C, N, O and heavier nuclei constitute ~ 1%. 
In contrast, in the new component of low-energy cosmic 
rays, protons were not detected, abundances of helium, 
oxygen, nitrogen and neon were enhanced, while other 
elements such as carbon, magnesium, silicon and iron 
had very low abundance or almost absent. As for 
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example, in the new component the abundance ratio of 
0/C is > 5 in contrast to 0/C ~ 1 in galactic cosmic 
rays (OCR). Because of its unusual composition and 
energy spectra, this new component of low-energy cosmic 
rays was called the Anomalous Cosmic Rays or ACR 
in short. 

The ACR oxygen ions are the most well studied for 
their intensity and spectral characteristics in the energy 
range 4-50 MeV/n. The intensity of ACR oxygen and 
nitrogen ions decreases from - 5 to ~ 50 MeV/n, where 
it merges with galactic cosmic rays (see Figure 1). The 
ACR helium ions have intensities higher than the GCR 
component in the 10-100 MeV/n energy range. Another 
striking feature of the ACR that was revealed, as the 
two spacecrafts, Pioneer 10 and 11, travelled further 
away from the Sun, was that the intensity of the ACR 
oxygen ions increased continuously and near the orbit 
of Jupiter it was ~40 times higher than that near the 
earth. These data established that the Sun cannot be 
the source of the anomalous cosmic rays and they must 



Figure 1. Energy spectra of H, He, C, N and 0 during solar quiet 
time of 1974-78. The solid lines indicate the ACR component; the 
dashed lines represent GCR component. 


originate from sources or processes located beyond the 
orbit of Jupiter. So what could be the origin of this 
new type of cosmic rays? Several new ideas were 
proposed in the seventies to explain the presence of the 
ACR component. Before discussing these, we shall have 
a quick look at the results obtained from another ex¬ 
periment conducted in 1973-74 using the Skylab 
spacecraft. 

In the Skylab mission of NASA, a stack of passive 
solid state nuclear track detector (Lexan polycarbonate) 
was exposed on the outside of the Spacecraft for 74 
days, between November 1973 and February 1974, a 
period that was entirely free from solar particle activity. 
Scientists from the Tata Institute of Fundamental Re¬ 
search (TIFR), Bombay, and the Physical Research 
Laboratory (PRL), Ahmedabad, have jointly analysed 
the data recorded in the detector stack and observed 
some strikingly new aspects of low-energy particles 
present within the earth’s magnetosphere^’^. Firstly, ACR, 
O, N and C were observed for the first time inside the 
magnetosphere, with the same composition as in the 
interplanetary space. Secondly, it was concluded that 
these ACR particles must be in partially or singly 
ionized state; otherwise they will not be allowed by the 
earth’s magnetic field to reach the Skylab orbit. Thirdly, 
the measured intensity of ACR oxygen was ~ 25 times 
higher than that expected on the basis of the measured 
interplanetary flux, from which it was concluded that 
ACR oxygen ions are trapped in the earth’s magnetic 
field^’*^. These findings made in 1975-80 have now been 
confirmed with instruments flown in different spacecrafts. 

Where do anomalous cosmic rays come from? : 
Theoretical ideas 

As the new data on the properties of the anomalous 
component of cosmic rays started accumulating, cos¬ 
mic-ray theorists proposed a host of ideas to explain 
its origin. These ideas can be divided into two classes. 
The first category considers local galactic or solar system 
sources as responsible for generating the ACR component 
and predicts multiple charge states of ACR particles. 
McDonald et suggested that the ACR particles 
originate in some unusual sources located in nearby 
interstellar space. Hoyle and Clayton^ suggested that 
stars reaching white dwarf stage in stellar evolution 
may be responsible for the origin of ACR. Durgaprasad^^’ 
proposed novae as possible sources, while Biswas et 
suggested 0-type stars emitting strong stellar wind as 
the ACR sources. A rather unusual model was proposed 
by Fowler et who suggested that materials and 

gases brought in by comets are accelerated within the 
solar system to produce the ACR particles. All these 
theories would predict multiple charge states for the ACR 
particles, e.g. 0‘^ 0“'',... etc. for ACR oxygen. 


722 


CURRENT SCIENCE, VOL, 69, NO. 9,10 NOVEMBER 1995 




GENERAL ARTICLE 


The other category of model, that considers local 
interstellar neutral atoms as the source of ACR, was 
proposed by Fisk et al}^. How do these neutral atoms 
evolve to become energetic anomalous cosmic-ray par¬ 
ticles? A somewhat involved mechanism was proposed 
by the authors which constitute of four stages (Figure 
2). In the first stage, interstellar neutral atoms enter the 
solar system as the Sun and the heliosphere (i.e. the 
volume in which solar plasma and magnetic field are 
confined) moves at a speed of 20 km/sec through the 
interstellar medium (ISM). The ionized particles in the 
ISM, on the other hand, are deflected at the heliospheric 
boundary by the solar magnetic field. This process 
therefore leads to the enhancement of those elements 
that exist predominantly in the neutral state of the ISM, 
i.e. helium, oxygen, nitrogen, and neon, and depletion 
of the elements that are mostly in ionized states, e.g. 
H, C, etc. In the second stage, when the interstellar 
neutral atoms approach the inner solar system, they are 
stripped off of their outermost electron by the strong 
solar UV radiation and they become singly ionized (i.e. 
He‘% 0'^ N‘*, Ne'*). This happens at different distances 
from the Sun, depending on the ionization potential of 
the element’"*. Once ionized, these particles are linked 
up with solar wind plasma and move outward with the 
speed of the solar wind, till they reach the boundary 
region of the heliosphere. The particles at this stage 
have an average energy typical of solar wind particles, 
i.e. 1 keV/n. In the third stage, these particles travel 
back and forth around the heliospheric shock front, 
which is the seat of random motion or turbulent magnetic 
field, and are accelerated from 1 keV/n to several hundred 
MeV/n. In the final stage, a fraction of the accelerated 
ACR ions diffuse back into the solar system where they 
suffer a decrease in their intensity and energy as they 



Figure 2. A schematic of the model proposed by Fisk et al}^ to 
explain the origin of anomalous cosmic rays from interstellar neutral 
atoms. 


now move against the solar wind plasma in a situation 
similar to the case of transport of the more energetic 
galactic cosmic-ray particles. Thus we have singly ionized 
anomalous cosmic rays of --l-lOOMeV/n in the inner 
solar system. This model therefore predicts that ACR 
particles must be only in single ionized state, in contrast 
to the models of the first category which allows all 
ionization state of ACR. Thus, it was realized then that 
measurement of the ionization states of the anomalous 
cosmic-ray particles is crucial to pinpoint their source 
and origin. As this information was not available from 
experiments on board Pioneer 10/11 and IMP 8 
spacecrafts there was a need for designing new experi¬ 
ments that could provide direct information on the 
ionization states of individual ACR particles. This brings 
us to the genesis of the Anuradha experiment. 

Spacelab era begins: The ‘Anuradha’ cosmic- 
ray experiment 

In 1977, the National Aeronautics and Space Administra¬ 
tion (NASA) of USA invited proposals for new generation 
of scientific investigations from some of the major space 
research centres to be conducted in the Spacelab-1 
mission aboard the Space Shuttle. The TIFR and PRL 
group of scientists, who were involved in the earlier 
Skylab experiment, jointly responded to the invitation 
and submitted a proposal entitled ‘Studies of ionization 
states of solar and low energy galactic cosmic ray heavy 
nuclei’, through the Indian Space Research Organization 
(ISRO). This proposal was selected by NASA for the 
Spacelab-1 mission, and this experiment, afterwards 
called ‘Anuradha’, was one of the two experiments from 
Asia, among about thirty US and European science 
experiments selected for this mission. 

Scientific objective and instrument characteristics 

The scientific objective of the Anuradha experiment was 
primarily to determine the ionization states of the newly 
discovered low-energy anomalous cosmic rays and also 
of solar energetic particles in case of solar energetic 
particle events occurring during the mission duration. 
The novel feature of this experiment was to use the 
earth’s magnetic field as a giant spectrometer which 
filters out cosmic-ray particles according to their rigidity, 
i.e. momentum divided by effective charge (pc/Z*). The 
instrument was designed in a manner that the arrival 
direction and time (and hence arrival location) of each 
of the cosmic-ray particle detected in the experiment 
could be determined. This information coupled with a 
model for the geomagnetic field allow us to trace back 
the probable complex trajectories of the incoming parti¬ 
cles in the earth’s magnetosphere and we can obtain 
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the minimum value of rigidity the particle must have 
to reach the Spacelab orbit at the point of its detection 
(see Figure 3). The other kinds of data obtained in the 
experiment are those recorded in the passive solid state 
nuclear track detectors which yielded the mass, nuclear 
charge, kinetic energy and momentum of each individual 
particles. Combining these results for each particle with 
its minimum permissible rigidity obtained from 

the trajectory tracing calculation, the upper limit of 
ionic charge (Z* <pc/R^.^) of individual low energy 
anomalous and galactic cosmic-ray particles could be 
determined. 

As the fluxes of the ACR particles are rather small, 
a large area detector of about 1200 cm“ was used in 
this experiment. We used the newly discovered passive 
solid state nuclear track detectors with high sensitivity, 
called CR-39, and the detector films were assembled 
in the form of a circular stack composed of 150 sheets, 
each of thickness 250 pm and diameter about 40 cm. 

A novel feature of the Anuradha experiment was its 
capability to determine the arrival time information of 
each cosmic-ray particles with an accuracy of ±10 sec. 
This information and the record left by each particle 
in the detector, coupled with the information on the 
orientation and orbital parameters of the shuttle (which 
is available at all times) provide the arrival location 
(latitude, longitude and altitude) and direction of the 
particle as it entered the detector stack. To obtain the 
arrival time information, the detector module was divided 



Figure 3. Complex trajectory of a cosmic-ray particle back-traced 
from its arrival point on Spacelab-3 orbit, for two values of rigidities: 
(a) shows an allowed trajectory that connects to the interplanetary 
space while (i) depicts the case when the assumed rigidity was too 
low for the particle to have an allowed trajectory. 


into two stacks: a thin ‘top’ stack that was kept fixed 
and a thick rotatable ‘bottom’ stack that was coupled 
to a 15 bit absolute shaft encoder connected to a 
stepper-motor-gear assembly. The rotation of the bottom 
stack could be activated in steps of 40 sec of arc once 
in 10 sec so that it made a full rotation in 90 h. This 
part of the instrument was the most critical one, as 
very high mechanical precision in the fabrication and 
assembly is needed to achieve the high accuracy in the 
extremely small stepwise angular movement of a heavy 
load. The time information of an event in this detection 
arrangement can be obtained when an event is recorded 
both in the fixed ‘top’ and the rotating ‘bottom’ stacks 
of detectors. This is provided by the angular displacement 
between the two matched track segments produced by 
an individual event in the two detector stacks and the 
time history of stack rotation given by the shaft encoder 
output. Thus the information on the arrival time, location 
and direction of individual cosmic-ray particles is used 
for the trajectory computations and to obtain the value 
of R^^^ and finally its ionization states. 

One may ask the question why one needs the above 
complex procedures. The reason is that it is not possible 
to determine the ionization states of cosmic-ray particles 
by measurements confined in any detector system, active 
electronic or passive track detectors. This is so because 
when a cosmic-ray particle traverses a very small thick¬ 
ness of matter (~ a few |ig/cm^) in the upper most layer 
of a detector or its shielding, it is stripped off most of 
its orbital electrons and attain an equilibrium charge 
state and the information on the original ionization state 
is lost. Hence the momentum-filtering effect of the 
geomagnetic field is to be utilized, to obtain this in¬ 
formation. 

Anuradha takes shape 

The detailed studies of experiment designs and require¬ 
ments made in 1978-79 led NASA to work out a new 
schedule in 1980 for the Spacelab missions. It was 
arranged that Anuradha and another US experiment 
would be accommodated in Spacelab-3 mission in 1984- 
85, instead of in Spacelab-1. This rescheduling was 
most welcome as the orientation of Spacelab-3 was such 
that it provided continuous viewing of the deep space 
which was not the case of Spacelab-1. 

A memorandum of understanding was signed by ISRO 
on behalf of the Govt of India and NASA in June 
1980, according to which the Indian side had the respon¬ 
sibilities of the design, fabrication, assembling and testing 
of the instrument to meet the NASA specifications. 
NASA undertook its integration, flight operations, ground 
operations and related matters. The instrument and the 
data were to be returned to the Indian team for post-flight 
analysis. 
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The years 1980-82 were periods of intense activities 
on the design, procurement of materials and components, 
fabrication of mechanical, electrical and electronic sys¬ 
tems and their integration, followed by various testings 
according to the NASA specifications. These were suc¬ 
cessfully accomplished by the engineering and scientific 
team members of TIER.-PRL-ISRO supported by BARC 
and several other centres. Six subgroups carried out 
specific works related to different subsystems. For ex¬ 
ample, the Detector Module Group of TIFR and the 
Laser Group of BARC had set up a special arrangement 
of CO 2 laser and He-Ne laser to cut - 500 CR-39 
detector sheets—which are glass-like and brittle—into 
annular shapes of required dimensions. About 150 sheets 
of these were assembled in stainless steel housing and 
three such units were constructed. 

The top enclosure—a curved sheet of A1 alloy of 
thickness ~ lOOjim—was a critical element of the in¬ 
strument as it must be thin enough to allow low energy 
(~ 8 MeV/n oxygen nuclei) to enter the detector and at 
the same time thick enough to provide an air-tight 
enclosure. Two pairs of venting valves maintained the 
inside pressure of the instrument at 0.1 atm during the 
flight and at 1 atm at all other times. The electrical and 
electronic systems and necessary softwares were fabri¬ 
cated and tested by the PRL group. This subsystem 
provided the required pulses to the high resolution 


Table 1. Summary of Anuradha instrument features and flight 
characteristics 


Weight 

: 50 kg 

Volume 

: 48 cm diameter; 56 cm height 

Detector 

: Composite CR-39 detector modules coupled 
to a high resolution stepper motor and a 
15-bit absolute optical shaft encoder for 
arrival time and direction measurements of 
cosmic ray ions 

Spacelab flight 

: Space shuttle Challenger launch-29 April 
1985; 1602 h GMT, and landing 6 May 
1985; 1611 h GMT 

Orbit 

: Altitude : 352 km 

Inclination : 57“ to the equator 

Attitude : Gravity gradient stabilization 

Ions exposure 

: Instrument activation, 123-12-44 GMT and 
deactivation, 126-05-00 GMT 

Power allocation 

: low average for 90h 

Thermal control 

: Cold plate in pallet and a multilayer 
insulation 

Command and data 

: 5 discrete on-off command channels 

management 

16 discrete data acquisition channels 

1 analogue data channel 

Experiment control 

: By stored program in on-board computer of 
SL-3 through I/O unit and interfacing with 
remote acquisition unit (RAU) 

Data acquisition 

: CDMS telemetry of 372 bits every 1 s via 
TDRS and other satellites to ground station 
for stack movement and other house keeping 
data. Other data are recorded in track 
detectors and are processed post-flight. 


Stepper motor, which rotated the bottom stack by an 
increment of 40 sec of arc once in 10 sec (or by any 
other predetermined rate) and has the capability to 
correct for any overshoot or undershoot in the step 
movements. The rotational motion was read out by the 
15 bit absolute encoder which was displayed and was 
monitored along with house keeping data such as the 
inside temperature of the instrument. Details of the 
instrument design and operation are given elsewhere^^ 
and a summary of the main characteristics is given in 
Table 1. A sectional view of the Anuradha instrument 
is shown in Figure 4. 

Various tests of the instrument were carried out ac¬ 
cording to the NASA requirements at different Indian 
centres. The random and sinusoidal vibration tests, the 
thermovacuum and electromagnetic tests were carried 
out at the ISRO Satellite Centre, Bangalore. The ac¬ 
celeration tests were performed at the ISRO Shriharikota 
Centre and acoustic tests were done at IIT, Madras. 

Four units of the Anuradha instrument were con¬ 
structed—the engineering model for design testing, 
prototype model for all tests qualifications, the flight 
instrument for actual flight and the flight standby for 
contingency. After NASA’s acceptance of test records, 
the flight instrument and the flight standby—installed 



Figure 4. A sectional view of the ‘Anuradha’ cosmic-ray instrument. 
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specially designed containers and other accessories—were 
airlifted from India to NASA Kennedy Space Center, 
Florida, USA in December 1983. During 1984, NASA 
and Indian engineers installed Anuradha in the Spacelab-3 
on the instrument-support structure and integrated it 
with Spacelab-3 electrical, electronic software and ther¬ 
mal control systems. In addition to passive thermal 
control with multilayer insulation, Anuradha was 
provided with active thermal control through a cold 
plate with circulating freon, on which the instrument 
was mounted. After the completion of various tests of 
the integrated payload, Spacelab-3 aboard Space Shuttle 
Challenger was ready for spaceflight in December 1984. 

Space shuttle in orbit: Anuradha collects 
cosmic data 

On mid-day of 29 April 1985, the space shuttle Chal¬ 
lenger with Spacelab-3 on board was launched success¬ 
fully into a circular orbit at a height of 350 km at an 
orbital inclination of 50° to the equator. The thirteen 
experiments flown in Spacelab-3 were in the areas of 
material science, life science, fluid mechanics, atmos¬ 
pheric science and astrophysics; countrywise, ten of 
these belonged to USA, two to France and one to India. 
A special feature of the SL-3 mission was the role of 
crew members, seven in number, five of whom were 
specially trained for the science experiments. A vax 
computer provided on-board support for control and 
operation of the experiments. These and other facilities 
in the mission enabled the scientists to undertake several 
new types of experiments for the first time. The Anuradha 
experiment could be activated and controlled either by 
SL-3 computer by a crew member or by ground com¬ 
mands from the control centre at Houston, Johnson 
Space Centre (JSC). Data were transmitted from 
Spacelab-3 by relay satellites to JSC Houston and 
Goodard Space Flight Center, Maryland. 

When the Anuradha experiment was activated on the 
third day of the mission according to schedule it was 
found that some command channels were not responding 
while some others were operating. After studying the 
instrument response the Indian team informed the mission 
manager that the instrument characteristics are alright 
and the problem must be somewhere else, which should 
be identified and rectified. After a series of tests con¬ 
ducted by the NASA ground engineers and SL-3 crew, 
the problem was identified in the faulty NASA cable 
connecting SL-3 computer to the Anuradha experiment. 
As there was no spare cable, this problem was ingeniously 
solved by NASA engineers by replacing the faulty cable 
by a cable of another experiment, which just completed 
its operation. These and associated activities were carried 
out during a 24 h period and the instrument was switched 
on again on 3 May 1985. It was an exciting and 
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dramatic moment for all present at the control centre 
to see that all channels of Anuradha were responding 
beautifully and the instrument operated perfectly for the 
next three days. It was switched off at the experiment 
closing time of the mission on 5 May 1985. A few 
photographs of the Anuradha and SL-3 mission are 
shown in Figure 5. 

A schematic diagram of the experiment operation in 
orbit and of the flow of signals between Anuradha 
instrument in Spacelab-3 and the ground control centre 
is shown in Figure 6. The instrument operation takes 
place in the following manner. Once every 10 sec com¬ 
mand signal generated by the experiment computer rotates 
the ‘bottom’ detector stack by one step of 40 arcsec 
and the encoder output is read out. The encoder reading, 
together with GMT, instrument temperature and other 
relevant information are transmitted from the SL-3 by 
high-rate multiplexer to payload operation and control 
centre once in 2 sec. The stepwise rotation is repeated 
once in every 10 sec, until a maximum of 32,736 
rotational steps are made during about four-day period. 
In actual operation, Anuradha experiment had undergone 
rotational steps for about 64 h, i.e. for -- 70% of the 
maximum value. The telemetered data of the instrument 
and of the Spacecraft position and orientation, were 
both recorded every 2 sec in the data tapes at the control 
centre and these tapes containing about 400 million data 
bits were provided to us by NASA for postflight analysis. 

Postflight activities, data acquisition and 
synthesis 

The postflight operations included the calibration of 
CR-39 stacks with three types of accelerator beams. 
Firstly, 50 MeV alpha particle beams from the Variable 
Energy Cyclotron (VEC), Calcutta were used to provide 
visible markings of the starting position of rotation on 
both the stacks. Secondly, 1 GeV/n ’^^Au beams from 
the Bevalac, University of California at Berkeley, were 
used in vertically incident manner at six positions of 
the bottom stack to facilitate realignment of the CR-39 
sheets after disassembly and processing. Thirdly, 140 
MeV/n ^^Fe beams incident at 45° were used in six 
positions in the bottom stack to provide known events 
for charge calibration of the CR-39 detector. 

Energetic cosmic ray nuclei incident on solid state 
track detectors such as CR-39 cause radiation damage 
along their path by breaking the chemical bonds of the 
constituent molecules. This leads to the formation of 
nascent damage trails of diameter -100 A which are 
preserved as latent tracks. When CR-39 detector sheets 
are treated with strong alkaline solution (e.g. 6.25 N 
NaOH at 70°C for 6 h) preferential etching takes place 
along the latent damage trails, which are revealed as 
conical etched tracks visible in an optical microscope. 
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Figure 5 a, The Anuradha instrument. 


The length of the etched cones, which is a measure of 
the ionization loss rate, and the residual range can yield 
the nuclear charge and kinetic energy of the incident 
particle^^’^^. Etched cones of a cosmic ray Fe nucleus 
traversing several CR-39 sheets are shown in Figure 7. 
In Anuradha experiment we initially scanned an annular 
area of width 2 cm in the two uppermost CR-39 sheets 
using a specially constructed semi-automatic microscope 
whose stage could be rotated in angular steps of 40 
arcsec and in radial direction, R. The selected tracks 
of cosmic-ray particles, located in R, 0 coordinate system, 
were followed through successive plates in the stack 
till the end of their range. A detailed analysis of track 
parameters was made which yields the atomic number, 
kinetic energy and other particulars of the incident 
cosmic-ray particles. Thus cosmic-ray ions of nitrogen 
to nickel of 8 to 150MeV/n were identified. 

The procedure of determining the arrival time and 
direction of the particles involves more complex pro¬ 
cedures as briefly described earlier. By matching track 
segments in the top (fixed) stack and in the bottom 
(rotating) stack using algorithm that uses four or more 
track parameters, angular displacement between the track 
segments is obtained. This information when combined 



Figure 5b-e. b, The Anuradha instrument: individual components; c. The Anuradha instrument on the vibration testing platform; 4, The 
Integration of Anuradha to Spacelab-3 platform; e, Anuradha in space (on board space shuttle Challenger). 
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Figure 6. Block diagram showing the experiment operation and flow of signals between the Spacelab module, the instrument and the ground 
control centre. 


with the telemetered data on encoder position vs GMT 
and orbital parameters of SL-3 yielded the arrival time 
and direction of the cosmic-ray particle. 

Complete details of these procedures are given by 
Singh^^ and Dutta^^. A total of about 100 cosmic-ray 
particles of carbon to nickel in the energy range ~ 12 
to 150MeV/n were identified and all the relevant data 
obtained in each case. For the trajectory tracing cal¬ 
culations we have followed the approach of Shea and 
SmarF^ and used a polynomial expansion of 10th order 
and the parameters suggested by the International 
Geomagnetic Reference Field (IGRF) for the epoch 1985 
for an accurate representation of the geomagnetic field. 
The effects of external current system etc. were also 
considered in the final analysis of the data. 

Anuradha results: New findings in anomalous 
and galactic cosmic rays 

The scientific results from the Anuradha experiment had 
several new features and we shall briefly discuss these 
and their implications. 

Firstly, the Anuradha experiment established the 
detailed method of using the earth’s magnetic field as 
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a giant momentum analyser for the accurate determination 
of minimum rigidities of individual cosmic-ray particles 
utilizing the arrival time and direction information^^ 
Secondly, the mean ionization state of a sample of 
ACR oxygen ions was determined as for the first 
time using the orbit averaged flux method^^’^"^. In this 
method data for the interplanetary ACR flux obtained 
by spacecrafts are used to calculate the expected flux 
of ACR oxygen inside the magnetosphere for different 
assumed ionization states. These values were then com¬ 
pared with the measured orbit averaged fluxes in Anu¬ 
radha to determine the charge state of ACR oxygen as 
(Figure 8). Recent studies by a Russian-US group of 
scientists, who used this method and analysed data from 
COSMOS and IMP-8 satellites, have confirmed this result^I 
Thirdly, the ionization states of 75 individual low- 
energy GCR and ACR particles were successfully 
measured for the first time^^’^^. Sixteen of these events 
were identified as ACR particles of N, O and Ne, whose 
upper limit of ionization states show that they are singly 
ionized or consistent with it“^’^^ (Figure 9). The dis¬ 
tributions in geographic latitude and longitudes of these 
ACR particles were found to be uniform (Figure 10) 
as expected and so also their arrival times. 
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Fourthly, a new unexpected result was obtained while 
measuring the ionization states of low-energy heavy 
ions. It was found that galactic cosmic-ray ions of 
sub-iron (Sc to Cr) and iron (Fe-Ne) group of 30-150 
MeV/n are composed of about 20% particles which are 
partially ionized, e.g. Cr^^, Fe^^"", etc.^^’^^ This is 
contrary to the normal assumption that all GCR particles 
are fully ionized. 

Lastly, another significant observation is that the abun¬ 
dance ratio of sub-iron to iron group of particles in 
low-energy GCR (30-130 MeV/n) within the magneto¬ 
sphere is about a factor of two higher than the inter¬ 
planetary value^"^. This, we believe is due to the presence 
of partially ionized ions in GCR at these energies. 

Implications of the new findings, gateways to 
the galaxy and future perspective 

The results from the Anuradha experiment established 
that ACR particles originate from interstellar neutral 
atoms and these are in singly ionized state as proposed 



Figure 7. Nuclear track produced by a Fe ion in several sheet of 
CR-39 detector used in the Anuradha experiment. 


by Fisk et al}^. However, details of the acceleration 
mechanism are yet to be fully understood^®. It is gratifying 
to note that recent satellite experiments of German-US 
collaboration^^ and Caltech-NASA groups^^^ have adopted 
the basic method of the Anuradha experiment and have 
confirmed our results on the ionization states of ACR 
particles. 

The ACR particles bring to us a new sample of 
interstellar matter undergoing ionization and acceleration. 
One can attempt to deconvolute the processes to estimate 
the abundances of neutral atoms in ISM as discussed 
elsewhere^®. Also, one can determine the isotopic com¬ 
position of neutral atoms in ISM from ACR particles, 
as these remain unaffected by the intervening processes. 
A recent satellite experiment has also identified the 
presence of a third radiation belt composed of trapped 
ACR particles in near earth space^‘\ This confirmed our 
observations made in the Skylab experiment in 1973-74 
(see review by Biswas^^), Now we can have easy access 
to a large flux of interstellar particles in the near-earth 
space. 

Energetic particles of galactic cosmic rays (GCR) 
have travelled a significant amount of matter (-lOg 
cm“^) in interstellar medium before reaching us. Hence 
these are mostly bare nuclei, stripped of their orbital 
electrons. The known values of electron capture and 



Figure 8. Measured fluxes of ACR oxygen in Anuradha experiment 
and the expected values, based on interplanetary fluxes from ICE, 
IMP and Voyager data for different charge states. The Anuradha data 
suggest ACR oxygen to be singly ionized. 
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Figure 9. The measured upper limits of ionization states of AGR 
particles of N, O and Ne as a function of kinetic energy. 


EAST LONGITUDE 



Figure 10. The geographical distributions in the latitudes and lon¬ 
gitudes of the arrival locations of the ACR and partially ionized GCR 
particles. 



Figure 11. The measured upper limits of ionization states of low 
energy GCR heavy ions (Cr-Ne) detected in the Anuradha experiment. 
Note the presence of partially ionized particles. 


Stripping cross-sections measured in the laboratory show 
that iron group nuclei in GCR can capture orbital 
electrons only at very low energies (1-5 MeV/n) and 
above 10 MeV/n, electron stripping dominates. Therefore, 
the important question arises, how do we get GCR iron 
and sub-iron ions of ~100MeV/n in partially ionized 
states observed in Anuradha? Logical conclusion appears 
to be that these particles captured electrons at low 
energies and are subsequently accelerated to > 100 MeV/n 
in ISM and have traversed very small amount of matter 
before reaching the solar system. Thus, our observation 
provides evidence for reacceleration or distributed ac¬ 
celeration of GCR in ISM. Probable sites for reaccelera¬ 
tion are shock fronts of supernova remnants in ISM. 
Confirmation of the above will have important new 
implications on acceleration of galactic cosmic rays. 
Several attempts are currently on to study this enigmatic 
component of cosmic rays (e.g. see ref. 32). 

Future space experiments may explore these new 
pathways to interstellar medium using low energy 
anomalous and galactic cosmic rays as tracers. Meas¬ 
urements of ACR oxygen flux beyond the orbit of 
Uranus during the period of minimum solar activity in 
1997-98 will give definitive results on the intensities 
of these particles at the boundary region of the helio¬ 
sphere and hence their energy density in the local ISM. 
In galactic cosmic rays, the new phenomena of partially 
ionized low energy iron and sub-iron group of particles 
need further studies. Such experiments should hopefully 
allow us to build new gateways to explore processes 
taking place in local interstellar medium as well as 
further away within our galaxy. 

Summary 

Studies of energetic cosmic-ray particles, that are an 
unique sample of matter from the interstellar space, 
continue to provide us with new insights of the high 
energy nuclear and astrophysical processes taking place 
within our galaxy and beyond. A significant recent 
contribution in this context has been the findings of the 
extremely successful Indian cosmic-ray experiment 
‘Anuradha’ flown on board space shuttle Spacelab-3. 
This experiment was planned and executed jointly by 
scientists from the Tata Institute of Fundamental Re¬ 
search, Bombay and Physical Research Laboratory, Ah- 
medabad, under the aegis of the Indian Space Research 
Organization (ISRO), and with active help and col¬ 
laboration from various ISRO centres and the Bhabha 
Atomic Research Centre, Bombay. The main scientific 
objective of the experiment was to determine the ioniza¬ 
tion states of the newly discovered anomalous cosmic 
rays to identify their source and origin. A very special 
experimental payload, that combines a passive nuclear 
particle detector and an active electro-mechanical system, 
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was designed and constructed to achieve this objective. 
Some of the important results obtained in this experiment 
are: (i) a clear demonstration that the geomagnetic field 
can be used as a giant momentum analyser for deter¬ 
mining the rigidity (momentum/charge) of individual 
low energy cosmic-ray particles impinging on the earth, 
(ii) the first direct determination of the ionization states 
of individual anomalous cosmic-ray particles, which 
showed them to be singly ionized and confirmed the 
interstellar neutral atoms as their source, and (iii) detec¬ 
tion of low energy partially ionized iron group particles 
in galactic cosmic rays, a completely unexpected result 
with important significance. The basic principle used in 
the Anuradha experiment has been adopted in a couple 
of recent satellite experiments that have confirmed the 
results on the ionization states of the anomalous cosmic 
rays obtained in the Anuradha experiment. Further studies 
of the enigmatic partially ionized iron group particles 
are also being pursued in these experiments. The findings 
of the Anuradha experiment point towards the exciting 
possibility of understanding the elemental and isotopic 
composition of the local interstellar matter by sampling 
the anomalous cosmic rays in the interplanetary or the 
near-earth space. 
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Cosmic gamma ray bursts - Recent 
developments and observations from SROSS 
satellites 

K. Kasturirangan, V. N. Padmini, N. L. Prasad and U. R. Rao 

ISRO Satellite Centre, Airport Road, Vimanapura RO., Bangalore 560 017, India 


Amongst a dozen energetic phenomena discovered 
during the past quarter century, the enigma of classical 
gamma ray bursts (GRBs) is as great as ever, with no 
consensus on what causes these bursts. The once 
dominant galactic neutron star model of GRBs has lost 
its popularity to the extragalactic and cosmological 
models in view of COMPTON’S observations. The 
observational efforts in tracking down these mysterious 
sources are at the moment truly international, with 
emphasis on the best localizations followed by deep 
searches for counterparts at other wavelengths. 


Cosmic gamma ray bursts (GRBs), first reported by 
Klebesadel et aL\ continue to remain as one of the 
long-standing puzzles in high energy astrophysics, after 
twenty-five years of their discovery. GRBs are transient, 
non-terrestrial phenomena occurring randomly in space 
and time, lasting a few ms to a few minutes and chara¬ 
cterized by bursts of intense radiation, predominantly at 
gamma ray wavelengths with bulk of their emission 
> 100 keV. The US Vela satellites that were launched 
to monitor any violations of the 1963 nuclear test ban 
treaty, recorded these events on their gamma ray detectors 
as early as 1967, but the announcement of this discovery 
of a new class of astrophysical phenomena had to wait 
until 1973, when the US military allowed the information 
to be made public. 

During the period from 1973 to 1991, over 500 bursts 
with fluence >T0”^ ergs/cm“ have been recorded by 
instruments mostly scintillation spectrometers flown on¬ 
board at least 20 satellites, viz. Vela, Helios 2, HEAO 
1&2, Prognoz, ISEE-3, Solar max mission, Ginga, 
Apollo, etc. and inter-planetary probes like Venera 11, 
12, 13, 14, Pioneer Venus orbiter, Phobos, etc. Studies 
on GRBs have proved difficult due to their transitory 
nature. The most general methodology of GRB study 
involves temporal and spectral studies, spatial distribution 
of an ensemble of bursts and other wavelength obser¬ 
vations. Data collected on GRBs usually consist of a 
record of intensity variations as a function of time, over 
a wide energy band (Temporal profile) and energy 
spectra recorded at constant time intervals. 

Over the years, two classes of GRBs have been 
recognized^, viz. Classical GRBs, which account for the 
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majority of bursts observed and Soft Gamma Repeaters 
(SGRs), three of which are known. The relation between 
the two, if any, is not clear. Time profiles of classical 
GRBs display a wide variety of shapes and durations 
varying from few seconds to a hundred seconds, with 
hard spectra (peak power at energies > 100 keV) which 
evolve with time. Typical rise and decay times range 
from 0.1 to 1 s. Classical GRBs are not known to repeat. 
SGRs, have nominal durations of 0.1-1 s, exhibit soft 
spectra with e-folding energy ~ 30 keV, which are time 
invariant. SGRs repeat at irregular intervals. 

Although about a hundred models have been proposed 
to explain the origin of gamma ray bursts, none has so 
far been able to explain all the observations satisfactorily. 
The mystery shrouding soft gamma repeaters has been 
of late, largely resolved by multiwavelength counterpart 
observations. In contrast, classical GRBs have so far 
not been identified with any known population of objects 
in the universe, despite conducting deep searches to 
identify their counterparts at other wavelengths. As the 
distance to the source is as yet unknown, the total 
energy involved in the burst process has remained 
ambiguous by about 23 orders of magnitude. 

With the launch of NASA’s Compton Gamma Ray 
Observatory (CGRO) in April 1991, which carries on¬ 
board an instrument to monitor GRBs with unprecedented 
sensitivity, viz. the Burst and Transient Source Experi¬ 
ment (BATSE)^ there has been a significant change in 
the quality of data and also the interpretation of the 
results. BATSE with its sensitivity to bursts with fluence 
> 5 X10"^ ergs/cm^, which is an order of magnitude 
superior to its predecessors, records about one burst per 
day and has accumulated data on about 1296 bursts till 
8 June 1995 (ref. 4). Prior to Compton, there existed 
a wide consensus that gamma ray bursts originate due 
to some catastrophic event on or near the surface of a 
neutron star in our galaxy. The discovery by BATSE 
that bursters have an isotropic, but radially inhomogenous 
distribution in space has altered the thinking of many 
theorists. As CGRO observations favour a distribution 
greater than at least 50 kpc, the mystery on the origin 
of GRBs has only deepened further and at the moment 
it is unclear whether these are of galactic or extragalactic 
origin. Recent reviews on GRBs, by Hurley^, Higdon 
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and Lingenfelter^ and conference proceedings edited by 
Fishman et al\ provide abundant information on ob¬ 
servations, analysis and models of GRBs. 

In the following sections, we review GRBs, from an 
observational point of view, as they were understood 
prior to the launch of CGRO and the highlights of 
results following the launch. The motivation for the 
Indian GRB experiments flown on the Stretched Rohini 
Satellite Series (SROSS-C, May 1992; SROSS-C2, May 
1994) and their observations are also presented. Also 
discussed is the possible contribution of SROSS-C2 to 
the third interplanetary network of detectors currently 
monitoring GRBs. 

Pre-CGRO era 

Prior to the launch of CGRO, there existed a wide 
consensus that a GRB is caused by some catastrophic 
event near the surface of a neutron star in our galaxy. 
The observations suggested that most of the common 
classical burst sources are single, intensely magnetic 
neutron stars in the nearby galactic disk, and that the 
SGRs could be neutron stars with slightly weaker mag¬ 
netic fields and possible binary companions. The cir¬ 
cumstantial evidence which led to the galactic neutron 
star hypothesis was: 

i) Very small source size < 1000 km, implied by rapid 
time variability in classical GRBs and < 60 km implied 
by the 0.2 ms rise time of GB790305b (ref. 8). 

ii) Location of GB790305b event within the N49 super¬ 
nova remnant (SNR) in the Large Magellanic Cloud 
(LMC) (ref. 8). 

iii) Very high mean density > lO^g/cc implied as mini¬ 
mum density against breakup, if the 8 s period in the 
soft repeater GB790305b is rotational^"^^ 

iv) Absorption lines between 20 and 70 keV in about 
15% of classical bursts, which are attributed to cyclotron 
absorption in Terragauss magnetic fields^^’*^ These were 
further confirmed by the Japanese satellite Ginga^"^ which 
observed bursts with two lines harmonically spaced, viz. 
at 20&40keV. 

v) Emission lines seen between 350 and 500 keV in 
both classes of bursts^^’^^ -interpreted as gravitationally 
redshifted electron position annihilation radiation with 
neutron star redshifts of 0.1 or more^^. 

vi) Failure to detect quiescent counterparts at other 
wavelengths within the source positional error boxes 

vii) Galactic distances implied by the black body limit 
derived from soft X-ray emission from GB870303 (ref. 
14). 

Further, the size-frequency distribution, which indirect¬ 
ly provides information on the radial distribution of 
sources, was found to follow the -3/2 power law for 
bright bursts, while the distribution deviated significantly 


for weak bursts with a flattening at lower fluences. This 
flattening at low fluence was considered as^an evidence 
of a galactic origin, with more distant sources exhibiting 
nonuniform spatial distribution. The angular distribution 
of sources was however found to be isotropic, which 
is not consistent with a nonuniform spatial distribution 
if the burst sources are members of a galactic disk or 
halo population^^’""^. 

High sensitivity balloon observations^^’^^ of bursts with 
fluence > 10"^ erg/cm^ also suggested that the flattening 
of the size frequency distribution at low fluence was 
due to spatial nonuniformities and not due to selection 
biases. If true, the distribution of low fluence bursts 
would exhibit anisotropy with a concentration at low 
galactic latitudes. The BATSE experiment on CGRO 
was designed to resolve this contradiction. 

The CGRO era 

Compton’s BATSE was designed specifically to inves¬ 
tigate weak GRBs and localize them using its eight 
large 2000 cm^ sodium iodide scintillation detectors 
mounted along the eight corners of the spacecraft provid¬ 
ing an all-sky coverage. The events recorded are localized 
to an accuracy of a few degrees using the anisotropic 
response of the detectors. While this accuracy falls short 
of that needed to pinpoint visible counterparts, it suffices 
to map the burster distribution on the sky. In response 
to a trigger signal from BATSE, the other instruments 
on Compton^”^, viz. Oriented Scintillation Spectroscopy 
Experiment (OSSE), the Compton Telescope (COM- 
PTEL) and the Energetic Gamma Ray Experiment Tele¬ 
scope (EGRET) switch to a burst data collection mode, 
if the source occurs within their field of view. While 
COMPTEL can measure energy spectra of GRBs with 
high resolution between 0.1 and lOMeV, it is also 
capable of localizing sources to about a degree. The 
EGRET instrument covers the broadest energy range 
from 20 MeV to 30 GeV. The Compton instruments have 
detected several unique individual events, the shortest 
event lasting ~ 100 |is (ref. 28), a few bright GRBs 
whose emission extends greater than 30 MeV (ref. 29) 
and two bursts from the region of SGR1900+14 (ref. 
30). BATSE has also studied the spectra of the brighter 
bursts and searched for cyclotron line features^Even 
though no definite evidence for lines is found, statistics 
do not yet support a clear inconsistency between BATSE 
and earlier mission results. 

The most astounding result from BATSE data is that 
the angular distribution of GRB sources is found to be 
as isotropic as ever, with no concentration towards the 
galactic plane, or in directions of any other nearby 
galaxy or clusters of galaxies^^ Figure 1 shows the 
spatial distribution in galactic coordinates of 1000 
BATSE bursts^^ BATSE has also detected fewer weak 
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bursts^^ (Figure 2) than would be expected for a -3/2 
power law (shown by dotted lines), implying that the 
source distribution is not uniform out to infinity. In 
other words, weaker sources are fewer than expected, 
indicating thereby a boundedness to the region of source 
confinement. As burster models have to necessarily 
account for these important results on spatial and intensity 
distributions, these results have triggered a flurry of 
modelling activity, with a raging controversy on the 
burster distance scale. 

Burster models and the distance debate 

Prior to the launch of Compton, there existed a wide 
consensus on the local heliocentric models which favour 
the galactic neutron star paradigm. In these models the 
burster population is assumed at a distance of say 
100-200 pc but still within the confines of the galactic 
disk in the solar neighbourhood. One of the early models 


♦90 



April 21, 1991-May 27, 1994 


Figure 1. Spatial distribution of 1000 BATSE bursts. 



Figure 2. Integral peak flux distribution for 455 BATSE bursts. 


focused attention on the retention of a cometary cloud 
by a collapsing star and subsequent fall/accretion of a 
solid object of mass onto the neutron star 

releasing about ergs of energy in an explosion^’’^^ 

Another model, viz. the thermonuclear model, first 
proposed by Woosley and Taam^^ received more detailed 
attention over the years and predicts GRBs to occur 
due to slow accretion of matter from a companion or 
from the interstellar matter, leading eventually to a 
helium flash when the critical density and temperature 
are reached. Gamma radiation is believed to be produced 
due to magnetic reconnection. Though these models 
easily explain isotropy, a decrease in the density of 
sources far away is not expected, as the sun does not 
occupy a special place in the galaxy and there is no 
known population of galactic objects at these distances. 
Considering distances larger than the galaxy’s thickness, 
we run into the opposite problem, i.e. while the radial 
inhomogeneity is easily explained, an anisotropy towards 
the galactic plane is not seen. 

As of now, with the constraints imposed by BATSE 
observations on the spatial distribution of faint GRBs, 
the most widely accepted distance models place the 
GRB sources either in the outer regions of our galaxy 
(galactic corona models) or close to the event horizon 
of our universe (cosmological models). The former model 
postulates a source population extending about 100 kpc 
and centered on the galaxy such that the Sun’s offset 
with respect to the galactic centre is negligible. While 
this galactic corona model explains both isotropy and 
radial inhomogeneity of burster distribution, the problem 
here is to populate a halo with neutron stars and find 
an explanation as to why they became active GRB 
sources in the halo and not when they were within the 
galaxy. Population II neutron stars, i.e. those formed 
by accretion-induced collapse of white dwarfs with birth 
velocities greater than 1000 km/s are believed to be shot 
out into the halo surrounding the galaxy'^^^ Quakes on 
neutron stars, which produce about 10"^^ ergs of energy 
have been suggested as powering mechanisms'^^ As yet, 
there is no clear evidence supporting the existence of 
such a structure in the galaxy. 

If the cosmological scenario is considered, isotropy 
follows very naturally, and the flattening of the size 
frequency distribution is attributed to the effects of the 
expansion of the Universe"^"’"^^. The most popular scenario 
for cosmological bursts involves a collision in a close 
binary consisting of a black hole and a neutron star or 
two neutron stars. The orbit of a binary neutron star, 
particularly those with tight orbits like binary pulsars, 
decays due to emission of gravitational radiation and 
eventually coalesces and merges releasing 5x10^^ ergs 
mostly as a neutrino burst or as gravitational energy. 
For GRBs to be detectable at cosmological distances, 
only a fraction as small as 10"^ of this energy is required 
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to be converted to gamma rays. Such events are estimated 
to occur in the universe at a rate of 10"^ per year per 
galaxy which is comparable to the GRO burst detection 
rate. It also follows that other cosmological effects like 
time dilation, redshift and gravitational lensing should 
be observable in the weak bursts. Recently an announ¬ 
cement of time dilation in faint BATSE bursts by a 
factor of 2 has been adduced as evidence'^'^ for the 
cosmological distance scale. 

At the moment, the mystery of gamma bursters has 
only deepened and is awaiting some observations or 
theoretical developments that would settle the dispute 
on the distance scale. Since neither the location of GRB 
sources nor their repetition rates are known, pre-planned 
observations in other wavebands are not feasible. Quies¬ 
cent counterparts of bursters have been sought both in 
survey catalogues of unusual objects which might lie 
in any of the burst error boxes and in deep observations 
of the more precise error boxes in various wave bands. 
Since detectors more sensitive than the BATSE are 
unlikely to be built and flown for some more time to 
come, the only hope on resolving the GRB puzzle may 
be pinned down to observations of GRB counterparts 
at other wavelengths. 

Search for counterparts 

The success of any search for counterparts relies heavily 
on the ultimate size of the error box that can be 
achieved. GRBs being infrequent phenomena, require 
omnidirectional detectors, as accurate pointing from a 
single detector is not practicable. The location of the 
source is determined post facto either by using the 
angular dependence of several detectors^"^’"^^ or by the 
triangulation technique^^ using the time difference in 
the arrival of the signal between two spacecrafts. While 
the single satellite method is capable of localizing sources 
with accuracies of only a few degrees, the latter method 
is necessary to reduce the size of the error box to 
several tens of arcmin or better so as to facilitate 
observations at other wavelengths. 

The searches for counterparts of the SGRs have been 
too successful and it now appears certain that SGRs 
may be related to young magnetized neutron stars in 
supernova remnants. SGR0526-66, which emitted the 
historic burst of 5 March 1979, was detected by about 
ten spacecrafts and triangulation has yielded an associa¬ 
tion with the SNRN49 in the LMC. This source has 
burst sixteen times over the years and a faint X-ray 
source consistent in position with the GRB error box 
has been detected by ROSAT'^^ The other two repeaters, 
viz. SGR1806-20 and SGR1900+ 14, have been observed 
by CGRO to turn ON again"^^. SGR1806-20 has produced 
100 bursts irregularly spaced in time between 1979 and 
1985 and 6 bursts in 1993 (ref, 47). A galactic SNR 
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GIO.O - 0.3 (ref. 48) and an X-ray source AXl 805.7-2025 
(ref. 49) have been associated with the SGRl 806-20. 
Simultaneous X-ray and gamma ray bursts have also 
been observed by the Japanese ASCA satellite and 
CGRO^®. SGR1900+ 14 has burst 6 times during 1979- 
1993 and is probably associated with the galactic SNR 
G42.8+0.6, although its location lies Just outside the 
remnant^^ At this time, as the nature of classical GRBS 
is not known, this provides a strong encouragement for 
counterpart searches as most GRB models require some 
counterparts to be detectable at some wavelength on 
some timescale. 

Search for counterparts of classical GRBs during the 
quiescent states, inside GRB errorboxes, has been at¬ 
tempted in all wavebands^^, viz. soft X-ray, ultraviolet, 
optical, infrared and radio bands. About a dozen optical 
transient images of astrophysical origin found on archival 
plates^^ are reported, but their relation to GRBs is 
unclear. While flaring and fading phase (few hours to 
few days) searches have technologically limited the 
observations to X-ray, optical and radio wavebands, 
until recently searches on timescales shorter than a day 
were not possible. With BATSE and COMPTEL positions 
available within a few hours of the burst^^, and the 
response time of interplanetary networks being about 
one day^^, fading phase observations are expected to be 
more fruitful in the near future. 

The Interplanetary Network (IPN) 

The success of counterpart search depends on the best 
localizations possible with a network of interplanetary 
satellites, by the triangulation technique. At the present 
time, USA’s Compton Gamma Ray Observatory and 
India’s SROSS-C2 satellite in near earth orbits, Russia’s 
GRANAT^^ in a highly eccentric orbit around the earth, 
the international Ulysses probe^^ in a solar polar orbit 
and the international WIND^^ spacecraft heading for 
placement at the first Lagrangian point of the Earth-Sun 
system carry instruments that form the third interplanetary 
network of GRB monitors. 

The GRANAT spacecraft carries three experiments 
which can record gamma rays, viz. SIGMA-a coded 
mask telescope; PHEBUS — six Bismuth Germanate scin¬ 
tillation detectors (each 48 cm^ area) for recording and 
localizing GRBs; and WATCH — a wide angle telescope. 
The PHEBUS experiment records bursts of the > 10"^ 
ergs/cm^ fluence class and the other two experiments 
compliment this data with their imaging capability. The 
WIND spacecraft carries two experiments which are 
capable of recording data on GRBs, viz. the Konus-W 
gamma ray spectrometer which has two identical sodium 
iodide detectors (120 cm^ area) and the Germanium 
Transient gamma ray spectrometer (TGRS) which is 
meant for conducting high resolution spectral measure- 
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ments on GRBs with a sensitivity to fluence greater 
than a few times 10“^ ergs/cm^. 

The hard X-ray detectors on Ulysses consist of two 
hemispherical thallium-doped caesium iodide shells (40 
cm^ area) each coupled to a photomultiplier tube, provid¬ 
ing essentially an all-sky view. The instrument is sensitive 
to bursts with fluence > 10"^ ergs/cm^ and records a 
burst once every 3-4 days. The solar probe is presently 
over the North polar region (June 1995) of the sun. 

The SROSS satellites 

The Indian SROSS-C and SROSS-C2 satellites carrying 
the GRB experiment were launched on 20 May 1992 
and 4 May 1994 respectively, with the objective of 

a) monitoring GRBs in the energy range 20 keV-3 MeV 
with a sensitivity to bursts of fluence >5x10"^ ergs/cm" 

b) monitor intensity variations with high time resolution 
(2 ms) 

c) search for periodicities in the time histories 

d) determine the evolution of the energy spectra with 
time and 

e) search for cyclotron absorption features in the 
20-100 keV energy range and look for possible redshifted 
annihilation radiation line in the 400-500 keV range. 

Both satellites were of octagonal prismoidal shape, 
carrying the payload on their topdeck, and launched 
into a 45“ inclination low earth orbit. The spin stabilized 
spacecrafts have their spin axis parallel to the detector 
view axis and along the negative orbit normal (Figure 
3), thereby permitting a half sky coverage less the 
region (-34%) occulted by the earth due to low earth 
orbit. In addition, due to the high inclination orbit, 
about 30% of observing time is lost owing to passage 
through the South Atlantic Anomaly (SAA) and high 
latitude regions. 

The experiment on SROSS-C had two sodium doped 
caesium iodide scintillation detectors, a main (44 cm^ 
area), a redundant (llcmv area) and a common 
microprocessor (CDP1802) based electronics^^’^^^ The 
SROSS-C2 payload (Figure 4), however, carries only 
the main detector with its associated electronics‘s^ The 
SROSS-C payload could record data on only one event 
between consecutive readouts, while the payload onboard 
memory in the case of SROSS-C2 is enhanced to hold 
the data on seven events. This feature has enhanced 
the duty cycle of the payload from -40% in SROSS-C 
to about 70% in SROSS-C2. 

SROSS GRBs 

The experiment flown on SROSS-C worked very satis¬ 
factorily during the entire mission life of 55 days. It 
recorded 3 candidate GRB events, which were however 


not detected by GRB detectors onboard other satellites 
in the interplanetary space and hence remained uncon¬ 
firmed^^. 

SROSS-C2, which has been in orbit for the past one 
year, has a life expectancy of about 5 years. After the 
placement of the satellite in its final orbit (620x430 
km) on 10 July 1994, the GRB payload has been 
operating flawlessly in meeting with its design goals. 
The payload records an average of one or two events 
every month and has recorded 15 events up to 30 May 
1995. Table 1 gives the shortlisted SROSS-C2 GRB 
events. Of these, 13 events have so far been confirmed 
for detection onboard other GRB monitors. In order to 
confirm an event, the structure, rise time, decay time, 
duration and intensity of the temporal profiles recorded 
on different satellites have to agree with one another 
within their errors of measurement. Events coincident 
with Ulysses, BATSE of CGRO, and WIND are marked 
U, B and W respectively. 

The event detected by SROSS-C2 on 6 January 1995 
was not detected by Ulysses, presumably due to its 
faintness. For the event in orbit 1448, Ulysses had a 
rate increase in its detector, but not a trigger. As the 
Sun was within the field of view of the detector, this 
event could possibly be of solar origin. The sensitivity 
of the SROSS-GRB payload, implies a detection rate 
of -18 events per year and is consistent with the 
observations. A mosaic of a few events is shown in 



Figure 3. SROSS-C2 with GRB detector mounted on' the top deck. 
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Figure 4. The gamma ray burst payload. 


Table L SROSS-C2 GRB events 




Time (UT) 

Event 

Event orbil 

Event date 

h m s 

confirmed by 

1126 

19 Jul 94 

06 00 05.614 

U 

1296 

30 Ju! 94 

11 01 30.658 

U, B 

1448 

09 Aug 94 

11 52 31.791 

— 

1650 

22 Aug 94 

20 23 19.878 

U 

2095 

21 Sep 94 

05 08 19.368 

U, B 

2234 

30 Sep 94 

10 02 06.008 

U 

2492 

17 Oct 94 

10 19 59.748 

U 

3099 

26 Nov 94 

12 23 05.244 

U, B, W 

3305 

10 Dec 94 

03 10 53.906 

U, W 

3719 

06 Jan 95 

10 39 57.330 

— 

4138 

03 Feb 95 

02 21 29.308 

u 

4259 

11 Feb 95 

02 24 57.626 

U, B 

510! 

07 Apr 95 

15 15 31.312 

U 

5497 

03 May 95 

18 36 10,626 

U, B 

5622 

12 May 95 

00 16 48.280 

U, W 

U, Uiys-ses; 

B, BATSE; W, 

WIND. 


Figure 5, 

As seen from the table, all 

confirmed events 


are coincident with Ulysses, while only 5 are coincident 
with CGRO. The reason probably could be attributed 
to the fact that Ulysses being a solar probe in an orbit 
which is presently out of the ecliptic plane has essentially 
an all-sky view, while both SROSS-C2 and CGRO being 
low-earth orbiting satellites undergo earth occultation of 
sky and loss of observing time due to passage through 
high latitudes and the SAA. 

Most events last typically few tens of seconds, with 
the exception of two, one on 22 August 1994 and the 
other on 11 February 1995, which lasted about 400 ms 
and 128 ms respectively. The weakest burst detected by 
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the payload so far has a fluence of about 3 x 10"^ 
ergs/cm‘. The normal characteristics of GRBs, viz. 
bimodal distribution of burst durations i.e, < 2 s and 
> 2 s; spectral hardness and intensity correlation etc. 
are all seen in our data base, albeit its small size. 
Analysis of all the confirmed events is being reported 
elsewhere. 

Tracking down the GRB sources 

With a few of the recent counterpart observations on 
Soft Gamma Repeaters being successful, it appears that 
these might be a separate population of sources, probably 
related to young pulsars in supernova remnants. However, 
the nature and origin of ‘classical’ GRBs remains one 
of the most compelling astrophysical problems, in view 
of the isotropy results of BATSE on CGRO. The solution 
to this problem, at the moment, demands observations 
that will settle the burster distance scale unambiguously. 
It is thus evident that a reliable statistical analysis and 
identification of the phenomenon with a definite class 
of astronomical objects requires the knowledge of as 
many source locations as accurately as possible. With 
each IPN, the triangulation baselines have grown progres¬ 
sively longer and have reached around 6 AU, the longest 
ever, when Ulysses was close to Jupiter, permitting 
localizations as fine as 0.1 arcmin^. Although greater 
than 2000 GRBs have been recorded till date, about a 
1000 or so are localized to a few degrees and only a 
dozen to few arcmin^ (ref. 63). 

The future efforts on tracking do)vn the sources rely 
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iC 11 FEBRUARY 95 02:24:57.626 UT ORBIT 4259 



TIME IN SECONDS 


Figure 5. A few events 

on rapid response campaigns between CGRO and fast 
slewing ground-based radio and optical telescopes. Multi¬ 
wavelength (gamma, X-ray and ultraviolet) observations 
are planned onboard the high energy transient experi¬ 
ment^^ (HETE) scheduled for launch in late 1995. HETE 
intends to localize GRBs in the UV band to arcsecond 
accuracy, although it is not proven that optical flashes 
accompany GRBs. 

Since all near-earth spacecrafts undergo earth occul- 
tation, complete sky coverage at all times requires more 
than one instrument in near-earth space. The GRB 
experiment on SROSS-C2 is expected to fulfil this 
function and complement data obtained by CGRO and 
GRANAT in near-earth space. While the SROSS-C2 
payload is not designed to participate in any rapid 
response campaign, or conduct multiwavelength obser¬ 
vations, it is expected to detect about 80-90 bursts 
during its 5-year life time, of which most are likely to 
be coincident with Ulysses and WIND. Since Ulysses, 
WIND and SROSS-C2 do not independently possess the 
ability to localize GRBs, the class of events, coincident 
between these three spacecrafts, but not necessarily 
coincident with CGRO, would form a complement to 
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26 NOVEMBER 94 12:23:05 UT ORBIT 3099 
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TIME IN SECONDS 


d 

03 MAY 95 18:36:10.626 UT ORBIT 5497 



-50 0 50 100 150 


TIME IN SECONDS 

detected by SROSS-C2. 

the CGRO-Ulysses-WIND data base. We hope to record 
at least a dozen such events. With this, SROSS-C2 
would play an important role in the international efforts 
of tracking down the GRB sources. 
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Quantum Monte Carlo (QMC) methods are stochastic 
simulation methods for quantum many-body systems. 
Here we provide an overview of QMC methods 
designed for simulation of atomic and molecular 
systems, and discuss main ideas behind the variational, 
diffusion and path integral QMC methods. We also 
review application of these techniques to some 
problems of interest in chemistry. 


The underlying physical laws necessary for the mathematical 
theory of a large part of physics and the whole of chemistry 
are (thus) completely known, and-the difficulty is only that 
the exact application of these laws leads to equations much 


too complicated to be solvable. It therefore becomes desirable 
that approximate practical methods of applying quantum 
mechanics should be developed, which can lead to an explana¬ 
tion of the main features of complex atomic systems without 
too much computation. 

Since P. A. M. Dirac wrote the above lines in 1929 
(ref. 1), both the range of approximate quantum mechani¬ 
cal methods, and the notion of what constitutes ‘too 
much computation’ have undergone dramatic changeq. 

Over the past few decades, chemists have come to 
understand the interactions and dynamics of small 
molecules and clusters very well. Both theory and ex¬ 
periment can, for instance, provide a very accurate 
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understanding of the H 2 O molecule and a reasonable 
one of the dimeric and trimeric aggregates (H 20)2 and 
(H20)3 (refs 2,3). The macroscopic end of the scale, 
such as the thermodynamics and spectroscopy of bulk 
liquids and solids is again well understood from a 
phenomenological point of view; for example, bulk water 
is known to be a complex fluid with an elaborate phase 
diagram"^. The conceptual connection between micro¬ 
scopic and macroscopic behaviour is made by statistical 
mechanics. Computer simulation methods complement 
the elegant but simplified statistical mechanical models 
by providing a much clearer connection between ex¬ 
perimental and calculated quantities, the ability to make 
quantitative or semiquantitative predictions and the 
opportunity for performing numerical or computer ex¬ 
periments for systems or conditions which may not be 
easily realizable in a laboratory. 

Currently, most simulations are performed using either 
classical Monte Carlo methods or the molecular dynamics 
approach^ Applications of these rhethods range from 
geochemistry to protein structure^’^. Both techniques 
assume the Born-Oppenheimer separation of electronic 
and nuclear motion. The nuclei are assumed to be 
classical particles moving according to the Newtonian 
equations of motion on the electronic potential energy 
surface (PES). The PES itself is constructed as a sum 
of pair (or at most three- and four-body) interactions 
between atoms, i.e. the total interaction energy of a 
system is assumed to be the sum of the interaction 
energies between all unique pairs. These few-body poten¬ 
tials are derived from independent studies of small 
aggregates and provide the necessary simulation input 
about the details of the microscopic interaction^ Classical 
Monte Carlo techniques generate the equilibrium statis¬ 
tical mechanical properties of a system, usually within 
the canonical ensemble, such as the average potential 
energy, structural quantities such as the radial distribution 
function and phase transition behaviour. For an A-atom 
system, such Monte Carlo techniques construct a random 
walk through the 3A-dimensional configuration space 
with a bias such that for sufficiently long walks, a set 
of configurations, x, distributed according to the 
Boltzmann formula is generated. If N is sufficiently 
large and suitable boundary conditions are applied, then 
equilibrium properties of the bulk system can be 
generated. MC integration is an inherently multidimen¬ 
sional approach with a statistical accuracy in the results 
that is proportional to (n/xY''^, where n is the number 
of MC configurations and x is a measure of the degree 
of correlation between successive configurations. While 
X does tend to increase with dimensionality of the 
system, this dependence is generally small. Consequently, 
MC methods scale relatively favourably with system 
size, in terms of computational cost. 

Classical molecular dynamics, instead of using a ran¬ 


dom walk approach, involves numerical integration of 
the classical equations of motion to generate the trajectory 
of the A^-particle system through phase space. Provided 
certain conditions are satisfied (ergodicity, sufficient 
length of trajectory and the like), the phase space points 
sampled during the course of an MD run provide 
information on both the equilibrium and dynamical statis¬ 
tical mechanical quantities. Thus, unlike MC, MD 
methods can provide time-correlation functions related 
to transport properties and spectroscopy. However, MD 
can prove inefficient relative to MC for systems with 
multiple time scales. For example, in binary solid solu¬ 
tions, the rates of diffusion of the two species are much 
slower than the high frequency lattice vibrations^ 

An important development in the past decade has 
been the formulation of ab initio MD methods, which 
attempt to overcome the problems of inadequate 
parametrization of the PES surface. Such problems are 
most acute in the case of semiconductor and metal 
systems; the delocalized nature of the valence electrons 
in such materials implies that the pair potential approxi¬ 
mation is very poor. This is also true for chemical 
reactions where changes in electronic structure and 
nuclear configuration are very strongly correlated. 
Polarizability effects are also notoriously hard to incor¬ 
porate within a pair potential approach. The ab initio 
MD methods attempt to solve this problem by solving 
the electronic structure problem simultaneously with the 
integration of the classical equations of motion and, in 
principle, require no input other than electronic and 
nuclear masses and electric charges. 

The most successful ab initio MD approach to date 
is the Car-Parinello (CP) formulation. The CP technique 
uses the Born-Oppenheimer approach to separate motion 
of the ionic cores from that of the valence electrons. 
The motion of ionic cores is treated by using classical 
MD equations of motion. To obtain a suitable electronic 
PES, the ground state electronic energy for any given 
ionic configuration must be found. To do this both 
accurately and efficiently, three important simplifications 
are made: (i) Density functional theory (DFT) is used 
to model electron-electron interactions. DFT is a 
mean-field approach which introduces electron correla¬ 
tion effects in an approximate way. Results for a variety 
of ground state properties using DFT have been shown 
to be accurate to within a few per cent, (ii) Pseudo¬ 
potential theory is used to model electron-ion interac¬ 
tions. Pseudopotentials smooth out the strongly varying 
regions of the potential for small ion-electron distances 
while retaining the salient characteristics of valence 
electron in a bulk medium, (iii) Dynamical minimization 
techniques are based on the insight that the variational 
solution to the density functional equations can be 
obtained by a constrained optimization scheme in which 
basis functions for the electronic structure problem are 
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treated as dynamical variables. The advantage of this 
approach is that the real-time dynamics of the ionic 
cores and the fictitious dynamics associated with the 
electronic variables can be coupled together in a very 
powerful computational scheme. The net result is that 
the classical motion of atoms on the ground state 
Born-Oppenheimer PES is obtained. The CP method 
has provided remarkable results for many problems of 
current interest in materials science‘s. The technique is 
at least an order of magnitude more expensive than 
classical MD. 

Quantum Monte Carlo (QMC) methods, as the name 
suggests, are stochastic simulation methods for quantum 
many-body systems‘^“‘^ The term QMC covers a battery 
of techniques used in a variety of fields such as condensed 
matter physics, nuclear physics, statistical mechanics 
and chemistry. This review is intended to provide an 
overview of QMC methods designed for simulation of 
atomic and molecular systems of interest in chemistry. 

One situation in which QMC methods become essential 
for chemical systems is when the atomic nuclei are 
sufficiently light or temperatures are sufficiently low 
that the approximation of treating nuclear motion clas¬ 
sically becomes a poor one. For example, quantum 
effects are important in the water and ice because of 
hydrogen-bonding. Electron and proton transfer proces¬ 
ses, vital to many biochemical processes, are intrinsically 
quantum mechanical. Many solids such as ammonium 
halides and solid H 2 show phase transitions, with large 
isotope effects indicative of strong quantum effects'^. 
Even solid argon must be modelled with significant 
quantum corrections to thermodynamic properties^. 

Electronic structure problems are a second area of 
chemistry where QMC methods are applicable when 
accuracy requires improvements over density functional 
theory (the basis of Car-Parrinello) or when the Born- 
Oppenheimer approximation fails due to strong coupling 
between nuclear and electronic motion^^ 

The review is organized as follows. Sections 1, 2 and 
3 present the essential ideas behind the variational, 
diffusion and path integral Monte Carlo methods respec¬ 
tively. Section 4 briefly reviews the application of QMC 
methods to some problems of interest in traditional 
chemistry where the simulations provide interesting 
insights and connections between experimental data and 
simplified theoretical models. 

1. Variational quantum Monte Carlo methods 

The variational Monte Carlo (VMC) approach is based 
on the variation principle which states that for a given 
Hamiltonian H, the energy associated with a trial 
wavefunction defined as 

£, = J vf dx/j \\r* \|/, dx (1) 
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will always be greater than or equal to the exact ground 
state energy of the system^l Minimizing E^ with 
respect to the parameters of provides the best approxi¬ 
mation to the ground state wavefunction within the 
limitations of a given functional form. Conventional 
quantum chemical methods expand the trial wavefunction 
y^ as a linear combination of a suitable set of basis 
functions and then utilize the variation theorem to obtain 
the optimum set of linear combinations. While such 
methods can provide very accurate energies and 
wavefunctions, they scale very inefficiently with the 
system size or dimensionality. For example, configuration 
interaction methods scale as where N is the number 
of basis functions, implying that such studies are only 
feasible for small molecules. 

VMC methods use the favourable scaling of Monte 
Carlo methods with system size by interpreting y* y^ 
as a probability distribution. Standard random walk 
methods can be used to create a set of configurations, 
X, distributed according to y* (x) y^ (x) and E^ can be 
defined as the average over this set of configurations 
of the local energy, y^ (x)/y^(x). The form of the 

trial wavefunction is usually derived from a knowledge 
of the basic physics of the problem and the parameters 
can then be optimized by minimizing E^ or, better still, 
the variance in E^. 

VMC methods are computationally relatively inexpen¬ 
sive and can provide considerable physical insight. The 
limitations of VMC methods are two-fold: (i) the accu¬ 
racy of the calculation is limited by the choice of 
functional form of y/, (ii) being essentially a ground 
state method,, information on excited state energies and 
wavefunctions is difficult to obtain though not impossible. 
Despite these limitations, VMC calculations are capable 
of providing accurate results for a variety of systems. 
As an example of an application to solid state electronic 
structure calculation, the bulk cohesive energy of 
diamond and graphite was calculated to within 1% of 
the experimental value using VMC^*^. VMC simulations 
of helium have provided very accurate results, when 
compared with experiment, for properties of helium in 
the bulk, at surfaces and in droplets^®. 

2. Diffusion Monte Carlo methods 

Diffusion Monte Carlo (DMC), like VMC, is a zero- 
temperature approach that is geared towards finding the 
ground state wavefunction. Unlike VMC, which provides 
an upper bound to the ground state energy, DMC is, 
in principle, capable of generating the exact ground 
state energy and wavefunction^/"^^. 

The starting point of the DMC method is the time- 
dependent Schrodinger equation 

0VJ/ A 

= ( 2 ) 
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where t is the time coordinate. If t is treated as an 
imaginary quantity t = -iw (where u is real), then the 
above equation can be rewritten as: 

= (3) 

ou 

or 


By an analogy with the density operator, e"P^, used in 
statistical mechanics, imaginary time in the above equa¬ 
tion can be interpreted as proportional to the inverse 
temperature, (3 = l/k^T such that w = P 7 is the absolute 
temperature and is the Boltzmann constant. It can 
be shown that regardless of the choice of 
will converge exponentially to the ground state wavefunc- 
tion 'Fo with energy Eq in the limit p oo, 7 -> 0. If 
it is assumed that the ground state wavefunction is 
nodeless, as is the case for bosons or distinguishable 
particles, then the above equation can be interpreted as 
the evolution of an initial, arbitrary probability distribu¬ 
tion to the final stationary state distribution given by 
Tq. To understand the basis of the computational scheme, 
consider the evolution of the distribution over a very 
small imaginary time interval, E = p/M, from time u^ to 
Ui+i. Then it is^ possible to factorize as 

e-pv/M where K and V are the kinetic and potential 
energy operators respectively. Considering a one¬ 
dimensional system for notational simplicity, the dis¬ 
tribution at time can be represented as a set of points 
distributed on the x-axis according to the initial dis¬ 
tribution JCj). To carry out the evolution over the 

time interval E, we first apply on x) to 

give x), where V (x) is measured 

with respect to some energy Ej. This will imply that 
in regions of low potential energy, the probability dis¬ 
tribution will be enhanced whereas in regions of high 
potential energy, the distribution will be attenuated 
(birth/death process). To complete the evolution we must 
then act using the operator which results in 

Vm/2TC O. (m. , ;Cj) . (5) 

Note that the positions obtained at the end of the time 
step, are Gaussian distributed about the positions 
X. at time u.. This can be interpreted as a diffusion 
step with diffusion constant 7z/2m. Thus a short-time 
propagation corresponds to a birth/death step followed 
by a diffusion step. Repeated application of such short 
time evolutionary operators will result in convergence 
to the ground state. 

For all but the simplest system, the naive DMC 
algorithm described above must be made more efficient 
by introducing importance sampling. Importance sam¬ 
pling biases the random walk towards the most important 
regions of configuration space by using the information 
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provided by a good approximate wavefunction, usually 
derived from a VMC calculation. A different formulation 
of this zero-temperature approach, equivalent to the 
DMC method, is Green’s Function Monte Carlo (GFMC). 

Monte Carlo methods require the definition of a 
probability distribution function that is always positive. 
In the case of VMC simulations, the modulus squared 
of the wavefunction provides a positive probability dis¬ 
tribution function. In DMC simulations of bosons or 
distinguishable particles, the nodeless ground state 
wavefunction can be treated as a probability distribution. 
In the case of interacting fermions, however, the ground 
state cannot be assumed to be nodeless. The anti- 
symmetrization requirement for fermions implies that 
nodes will exist in the wavefunction whenever positions 
of two fermions with identical spins coincide. Continuity 
of the wavefunction and its first derivative then implies 
that the wavefunction must change sign at these nodal 
planes. Consequently, the interpretation of the ground 
state wavefunction as a probability distribution is invalid, 
leading to the well-known ‘fermion-sign’ problem. Fixed- 
node methods which are surprisingly accurate though 
not, in principle, exact, have been developed to circum¬ 
vent this problem. A very important application of this 
fixed-node DMC technique has been in deducing the 
exchange correlation functional for the uniform electron 
gas, which forms the basis of most density functional 
and ab initio MD calculations^^. 

3. Path integral Monte Carlo method 

Path integral Monte Carlo (PIMC) techniques allow for 
simulations of quantum many-body systems in the canoni¬ 
cal ensemble (constant number N, volume V and tem¬ 
perature T). The equilibrium properties of a system in 
the NVT ensemble are determined by the canonical 
partition function, Q. For a quantum system, Q must 
be ^expressed as a trace over the density operator 
evaluation of the trace in the coordinate repre¬ 
sentation then leads to: 

Q = Tr {e~*^} = J dx (x le“^^lx), (6) 

where x is the position vector for the A-particle system. 
Path integral methods interpret e"P^ as a propagator in 
imaginary time (note the similarity with DMC) and 
express the density matrix elements as the functional 
integral 

(x le-x') = 12? (x(M))e-^^’‘<“”^'^, (7) 

where the integral represents the sum over all possible 
paths, x(m), in imaginary time u which satisfy the 
condition that x(0) = x and x (pH) = x. The weighting 
of individual paths is given by the exponential of the 
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action in imaginary time, S(x(u)). Note that only cyclic 
quantum paths with the same initial and final point can 
contribute to Q. The classical path is the path of least 
action . 

PIMC methods involve finding paths which contribute 
the most to the partition function. For example, in the 
discretized path integral approach, any quantum path is 
represented as a set of configurations, {xj, at equispaced 
intervals in imaginary time, m = 0, (P^/A/), (2pi/M), 
..., pn. Using this representation, Q for an N-particle 
system can be written as 



'' Mm 
^ Inpf- 


Jdx,dx,...dx^ 


exp 


— Mm 



X 


experiment‘d. Good approximation methods for finite 
temperature fermionic systems have been developed 
recently and applied to liquid ^He and electronic struc- 
ture22.23 interesting possibility is combining PIMC 
methods for nuclei with Car-Parinello techniques for 
obtaining the electronic structure. While prohibitively 
expensive at present for bulk systems, it has been applied 
to CHj. The structure of CHj has long been controversial 
with arguments that it is a unique carbonium atom as 
opposed to the theory that it is the prototype for a 
nonclassical hyper-coordinate carbocation, with a ground 
state dominated by 3-centre-2-electron bonding. The 
combined PIMC and ab initio MD calculations indicate 
that the quantum ground state is dominated by 3c-2e 

bondingd''d5 

4. Some applications 



-1 

M 


(F(x,) + l/(x,) + ...F(x^)) 


(8) Surface adsorption 


where Xj^.= IXj ~x^.|. The partition function in equation 
(8) has the same structure as the classical configurational 
integral with 2NM spatial degrees of freedom. The 
interpretation of the above partition function is, however, 
somewhat novel. In the classical limit, a particle is 
characterized by 3 position degrees of freedom. In the 
discretized path representation, the single quantum par¬ 
ticle is replaced by a cyclic polymer of M subunits, 
with adjacent subunits held by a harmonic interaction; 
the external potential felt by each subunit is y(x.)/M. 
The average extent of the polymer is proportional to 
the thermal de Broglie wavelength of the particle. Equa¬ 
tion (8) can be used directly in conjunction with the 
Metropolis algorithm to simulate a many-particle quan¬ 
tum system. It is, however, often computationally more 
efficient to employ alternative representations of the 
path integraE^ The common feature of all such PIMC 
methods is the quantum classical isomorphism - by 
introducing auxilliary degrees of freedom (such as the 
M“1 additional position degrees of freedom for the 
polymer subunits), the trace over the density operator 
is written as a classical configurational integral of much 
higher dimensionality. The fermion sign problem present 
in DMC recurs also for the finite temperature formulation 
and methods analogous to the zero-temperature are cur¬ 
rently being devised. An interesting and unsolved prob¬ 
lem is whether the imaginary time PIMC formulation 
can be adapted for real-time problems. While this is 
one approach towards achieving the tantalizing goal of 
devising a simulation method for many-body quantum 
dynamics, so far it has met with little success^^ 

PIMC methods have been applied extensively to 
molecular systems. The best' studied system is liquid 
"^He which shows a Bose-Einstein transition to a super¬ 
fluid state; simulation results compare very well to the 
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The importance of surface adsorption, from practical 
applications in heterogeneous catalysis to theoretical 
models for phase transitions in two-dimensional systems, 
does not require emphasis. As a result, classical simula¬ 
tion of surfaces and interfaces is by now a well-developed 
field^^. Appreciable quantum effects can, however, be 
expected for light adsorbates, e.g. H 2 , He, Ne, N 2 and 
CO, specially at low temperatures. One of the first 
surface adsorption problems to be studied by PIMC was 
%e and "^He adsorption on graphite^*^. The quantum 
simulations corroborated experimental results for the 
different phase diagrams of the two isotopes and provided 
interesting insights into the microstructure associated 
with different phases. In addition, DMC/GFMC calcula¬ 
tions have been carried out to explore the zero tempera¬ 
ture limit of the He/graphite system^^. In contrast to 
atomic substrates, diatomic molecules can exhibit a range 
of orientational transitions. For example, N 2 /graphite 
shows a herringbone transition; PIMC simulations have 
quantified that the lowering of the transition temperatures 
due to quantum effects is 10% (30K) (ref. 28). The 
co/graphite system is analogous to the N 2 adsorption 
problem except for a heat capacity anomaly at 
approximately 5 K. Recent PIMC simulations have shown 
that this must correspond to the head-to-tail ordering 
transition for the two-dimensional CO system^^. To my 
knowledge, there have been no zero-temperature studies 
of molecular adsorption, largely because interest in this 
area centres on finite temperature |ihase transitions. 

Solvated electrons 

The solvated electron; a ‘free’ electron trapped in a 
cavity formed by solvent molecules, plays an important 
role in a variety of chemical phenomena. The hydrated 
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electron has been shown to be a transient species of 
crucial importance in solution photochemistry since its 
identification more than 30 years ago^'’-^'. The solvated 
electron is central to the metal-insulator transitions 
observed in alkali metal-ammonia solutions and related 
systems. The localized versus extended states responsible 
for the metal-insulator transition are also connected to 
electron mobilities in fluids and other disordered media, 
therefore the general problem of excess electron 
mobilities in a variety of solvents has attracted much 
theoretical and experimental attention^^"^'*. The structure 
of a solvated electron in a fluid will be determined by 
the competition between two factors: a tendency to 
delocalize and occupy as large a volume as possible in 
order to minimize the kinetic energy and a tendency to 
minimize potential energy by optimizing electron-solvent 
interactions. In the case of the dominant contribution 
to the electron—solvent interaction being an excluded 
volume or repulsion interaction, the electron will tend 
to localize in regions of low fluid density. If the 
attractive interactions can be enhanced in these low 
density traps (for example, by the presence of oriented 
solvent dipoles) then the size of the cavity can be 
substantially reduced. The fact that the characteristics 
of solvated electron systems will depend on this type 
of complex interplay between a variety of factors, makes 
simulations a virtual necessity. Different simulation tech¬ 
niques can then be used to provide "complementary 
information on these systems. 

Among the best-studied solvated electron systems, 
both from an experimental and simulation perspective, 
are the alkali metal-ammonia solutions which have a 
long experimental history^^. Alkali metals dissolve in 
liquid ammonia and, at very low concentrations, form 
a light blue solution. Spectroscopic and other evidences 
indicate that, as in the case of F-centres in alkali halides, 
the blue colour is due to the optical spectrum of an 
isolated solvated electron. As the concentration of metal 
is increased, the magnetic susceptibility falls, indicating 
that some type of spin pairing process is in operation. 
However, as the metal concentration increases, a metal 
insulator transition takes place and a bronze-coloured 
liquid metal is formed. At still higher concentrations, 
metallic solid compounds are formed. The dilute limit 
is ideally treated by PIMC methods^^. The results show 
the trapping or localization of single electrons in solvent 
cavities with an effective size of about 4 A. In fact, a 
transition from a delocalized to a localized, trapped 
state is seen as solvent concentration is increased. The 
results of the simulation agree well with experiment as 
well as with predictions of the RISM-polaron theory^^. 
The metallic limit with high electron concentration can 
be treated by Car-Parrinello methods^^’^^^ The inter¬ 
mediate regime, especially where spin-pairing occurs, 
can be treated by both approaches. In the spin-pairing 


regime, the simulations show that electron-pairs form 
singlet states which occupy a peanut-shaped cavity with 
the two peaks in the electron density separated by 7 A. 
The triplet state is unstable with respect to the singlet 
state by approximately 0.6 eV. Thus, this series of 
simulations on the alkali metal-ammonia solutions has 
provided considerable insight into the microstructure and 
dynamics associated with the metal-insulator transition. 

Quantum clusters 

Clusters have attracted much attention by virtue of being 
small systems which bridge the transition from molecular 
to bulk properties'^^"^'^. While clusters can show properties 
similar to those of bulk matter, e.g. collective behaviour 
analogous to a phase transition, they are sufficiently 
small to be studied at the same level of microscopic 
detail as molecular systems. In this section, some of 
the applications of QMC methods to quantum clusters 
are summarized. Quantum clusters denote small, finite 
atomic or molecular systems (about 10-1000 atoms) 
where the nuclei have appreciable quantum character. 
Recent experiments on rare-gas-SF^ clusters have added 
to the interest in quantum clusters"^^. Electronic structure 
aspects, of special relevance to metallic and semicon¬ 
ductor clusters, are not considered here. It should be 
pointed out that cluster simulations have played an 
important role in the development of QMC methods; 
for example, one of the first applications of VMC and 
GFMC methods was to helium clusters to test the 
reliability of liquid drop models for clusters'^^ 

Atomic clusters, such as those of He, Ne, H 2 and 
have been very useful in understanding quantum effects 
on phase transitions‘^^"^^ For example, "^He^ with n>60 
shows clear remnants of the bulk superfluid transition 
and QMC simulations can provide a corresponding micro¬ 
scopic modef^ Bulk melting has its cluster analogue 
and has been studied in clusters with a view to under¬ 
standing the role played by quantum fluctuations in 
modifying phase transition characteristics. For example, 
Figure 1 shows the lowering of the position and height 
of the specific heat curve for a cluster due to 

quantum effects'll Increasing quantum delocalization can 
be shown to result in a cluster solid—liquid transition 
analogous to the thermal melting transitional The effects 
of such delocalization can be seen in Figure 2, where 
the angular distributions for the Nej 3 , (jpara-B. 2 )i^ and 
{ortho-D 2 )ij are compared with those of a classical 
thirteen atom Lennard-Jones cluster'^^. A purely quantum 
analogue of the classical binary phase separation can 
be shown to occur in isotopically mixed clusters using 
PIMC methods^l Figure 3 shows the density profiles 
for the two isotopic species in a mixed para-E 2 lortho-D 2 
cluster; the heavier isotope can be seen to be preferen¬ 
tially located in the cluster interior. 
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Figure 1. The specific heat, as a function of temperature for 

a Nej 3 cluster. Results from path integral quantum Monte Carlo and 
classical simulations are compared. 



0 20 40 60 80 100 120 140 160 180 
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Figure 2. Angular distributions, P(0), for thirteen atom clusters at 
5 K. The distribution for the classical Lennard-Jones cluster, (LJ)j 3 , 
is compared with that for quantum clusters of Neon, para-H 2 and 
or/Zzo-Dj. The latter two species can be treated as pseudo-atomic 
systems interacting via a spherically symmetric pair potential at low 
temperatures. The peak at 60° is characteristic of the icosahedral 
symmetry of small Lennard-Jones clusters. 



Figure 3. Radial density profiles, d(R) for the two isotopic species 
in the (P-H 2 )y( 0 - 03)9 cluster at 2.5 K. The radial density profile is a 
measure of the probability of finding a particle of a particular species 
at a distance R from the centre of mass of the cluster. 


A second category of clusters with large quantum 
effects are the so-called solvent clusters such as 
(NH 3 )^ and (HF)^. Understanding the structure and 
dynamics of such systems is of particular importance 
from the point of view of solvation, liquid structure 
and hydrogen bonding. Small aggregates of two, three 
or four monomers have been intensively studied by 
QMC methods (mostly DMC). Such studies are very 
valuable from the point of view of deriving accurate 
intermolecular potentials by comparison and fitting to 
spectroscopic data. 

Electron transfer 

Electron transfer is fundamental to a variety of chemical 
and biochemical processes. An electron transfer process 
may be represented as: 

Acceptor(A) + Donor(D") A" + D, (9) 

where A and D may be ions or molecules and the 
reaction takes place in a dielectric solvent. A simple 
model for electron transfer envisages the electron as 
being trapped on one of two wells, localized on either 
A or D, with shapes and relative energies of the two 
wells determined by the classical degrees of freedom 
of the nuclei composing A, D and solvent. The electron 
transfer process between the two wells corresponds to 
a tunnelling transition. In the limit that the coupling of 
the electronic (quantum) and classical degrees of freedom 
is weak, the rate constant for electron transfer can be 
related to the tunnelling splitting and a Franck-Condon 
factor. PIMC calculations can be used to calculate the 
magnitude of the tunnelling splitting^^. The computation 
of the tunnelling splitting assumes a large scale separation 
between the frequency of tunnelling (or inter-well) and 
intra-well motions. Tunnelling paths correspond to quan¬ 
tum paths which connect the two wells. The fraction 
of imaginary time spent in the barrier region along such 
a path will be small because the potential energy in 
the barrier region is high. This type of rapid process 
or instanton is then said to correspond to a kink in the 
quantum path and the tunnelling constant can be related 
to the free energy required to create a kink in the 
quantum path. Estimation of this free energy can be 
accomplished in MC simulations by standard thermo¬ 
dynamic integration methods. The Franck-Condon factor 
can be related to fluctuations in the relative energy of 
the two potential wells and estimated from classical MC 
or MD simulations. An ambitious application of this 
approach has been in explaining some of the unusual 
features of the primary electron transfer step in bacterial 
photosynthesis^^’^^. It should be noted that the above 
approach estimates a dynamical quantity, the rate con¬ 
stant, in terms of equilibrium thermodynamic averages^^. 
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This can be shown to be a plausible approximation for 
many systems and has been applied to calculate rates 
for quantum processes such as proton transfer and 
hydrogen chemisorption^ 
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Vitamin C: A potential saviour against free 
radical-induced oxidative damage 
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Scurvy is the foremost nutritional-deficiency disease 
that has caused maximum suffering in recorded history. 
Although research on vitamin C started in 1753, the 
biochemical functions of the vitamin described so far 
appear to be nonspecific. This paper is a short review 
indicating that vitamin C protects mammalian tissues 
from oxidative damage and that its function is specific. 
Since oxidative damage is supposed to be a physiologi¬ 
cal event associated with degenerative diseases and 
vitamin C appears to be a saviour in protecting 
us against aging and degenerative diseases. 

Oxygen sustains life, but oxygen is not absolutely friendly. 
The function of oxygen is to act as a terminal electron 
acceptor. Usually oxygen receives four electrons on a 
concerted fashion to produce water, but often it is 
reduced by single electron to produce oxygen-free radical 
(Op and reactive oxygen species (ROS), such as H 2 O 2 , 
OH* and ferryl. ROS is highly toxic and extremely 
damaging to biological systems. If not properly 
scavenged, it results in oxidative damage such as lipid 
peroxidation, protein oxidation and DNA damage. Oxida¬ 
tive damage has been implicated in several degenerative 
diseases including inflammation, arthritis, cataract, 
atherosclerosis, cardiovascular diseases, cancer as well 
as aging^“^. A simple but effective way to prevent these 
degenerative diseases would be to prevent oxidative 
damage. A cell’s major defence against free radical- 
mediated damage includes antioxidants like ascorbic 
acid, vitamin E and glutathione and enzymes like super¬ 
oxide dismutase, catalase and peroxidases. Sometimes 
ascorbic acid and vitamin E as well as ascorbic acid 
and glutathione function as partners in defence^’^h Pre¬ 
viously, we and others have shown that ascorbic acid 
is a potential scavenger of O], ^02, and peroxyl radi- 
caT^"'^. In this review, we present a brief account of 
the discovery of vitamin C, its biosynthesis, and newer 
insights into its biochemical functions with particular 
emphasis to indicate that vitamin C (ascorbic acid) is 
a unique antioxidant and in certain conditions it has a 
specific role in preventing ROS-mediated oxidative 
damage of mammalian tissues. 

Scurvy and the discovery of vitamin C 

Most animals synthesize their own requirement of vitamin 
C, but a human cannot. Humans are totally dependent 


upon dietary intake of the vitamin. The knowledge that 
man cannot produce vitamin C was learnt by experience. 
But the experience was horrible. During the period of 
1500 to 1800 AD, scurvy took a toll of at least two 
million deaths of sailors^^. Scurvy also ravaged whole 
armies and inhabitants of besieged cities. It is perhaps 
the foremost occupational disease and the nutritional- 
deficiency disease that has caused most suffering in 
recorded history^^. It was the genius of James Lind^^ 
which banished from the navy the most merciless killer 
of seamen. In 1753 in his book A treatise of the scurvy, 
Lind pointed out the importance of oranges, lemons and 
fresh green vegetables in preventing and cure of scurvy. 
But it took another 175 years to discover the antiscorbutic 
vitamin by Albert Szent-Gyorgyi. This discovery was 
accidental. While extracting and concentrating some 
redox compound from adrenal glands, Szent-Gyorgyi 
isolated some sugar-like crystals about which he was 
quite ignorant and he called it first ‘ignose’ [(ig for 
ignorance and ose for sugar)] and later ‘godnose’ (God 
knows)*^. But the editor of the Biochemical Journal 
objected and he had to give the alternative name 
hexuronic acid (hex = six). In the same period, Charles 
Glen King of USA isolated the antiscorbutic factor from 
lemon juice and named it vitamin It showed all 
the characteristics of Szent-Gyorgyi’s hexuronic acid. It 
was published in Science dated April 1, 1932 entitled 
‘The chemical nature of vitamin C’. Two weeks later, 
a note appeared in Nature entitled ‘Hexuronic acid as 
the antiscorbutic factor’, authored by Svirbely and 
Szent-Gyorgyi^^. But these discoveries were possible 
only because of the outstanding observation by the 
Norwegian scientists, A. Holst and his associates. Holst 
observed that guinea pigs, like humans, were prone to 
scurvy and could be used for producing experimental 
scurvy and bioassay of vitamin C. At that time there 
was quite a flurry as to who should be given the credit 
for ‘discovering vitamin C’. Eventually, Szent-Gyorgyi 
received the Nobel Prize for Physiology and Medicine 
in 1937 in recognition of his discoveries concerning the 
biological oxidation process with special reference to 
isolation of vitamin C, but C. G. King, who published 
five papers and isolated vitamin C, did not. Holst, who 
made it all possible, died in 1931 without any special 
honours. Here we see that a scientist, working only for 
a year in Hopkin’s laboratory on a problem with quite 
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a different objective and without doing a single animal 
experiment, got the full credit for the discovery of 
vitamin C. To add to this, in the Annual Review of 
Biochemistry in 1963 (ref. 19), Szent-Gyorgyi made the 
comment — T was not acquainted with animal tests in 
this field and the whole problem was for me too 
glamorous, and vitamins were, to my mind, theoretically 
uninteresting. Vitamin means that one has to eat it. 
What one has to eat is the first concern of the chef, 
not the scientist’. 

Biosynthesis of ascorbic acid 

While the knowledge of cause and cure of scurvy was 
clear in 1928-32, the question remained unsolved-How 
is vitamin C synthesized by most animals and why are 
humans incapable of producing the vitamin? It took 
about another thirty years to answer these questions. 
The most intriguing parts of the problem were the 
discovery and characterization of two enzymes, namely, 
aldonolactonase (EC 3.1.1.18, L-gulonolactone hydro- 
lase)^° and L-gulonolatone oxidase (EC 1.1.3.8, L-gulono¬ 
lactone : oxygen 2-oxidoreductase) and identification of 
2-keto-L-gulonolactone^^'^^, an extremely unstable ter¬ 
minal intermediate. Eventually the pathway of biosyn¬ 
thesis of ascorbic acid was completely elucidated by 
the pioneering work of B. C. Guha (India), C. G. King 
(USA) and L. W. Mapson (England) and their associates. 
In animals, ascorbic acid is synthesized from glucose 
via the glucuronic acid pathway of metabolism^"^'^^. In 
this biosynthetic pathway, L-gulonolactone oxidase is 
the terminal enzyme. L-gulonolactone oxidase converts 
L-gulono-1,4-lactone to 2-keto-L-gulonolactone, which is 
spontaneously converted to ascorbic acid. 

Evolution and ascorbic acid biosynthesis 

There is a distinct relationship between evolution and 
the capacity to synthesize ascorbic acid in animals^^^^. 
The evolution of L-gulonolactone oxidase (LGO) is 
species-specific and tissue-specific. LGO is absent in 
fishes. The enzyme evolved in the kidney of amphibians, 
resided in the kidney of reptiles, became transferred to 
the liver of mammals and finally disappeared from the 
guinea pig, flying mammals, primates including monkeys, 
apes and humans as well as some highly evolved 
Passeriformes birds^^ Lack of LGO is the common 
genetic defect in all these species incapable of syn¬ 
thesizing vitamin In fact, lack of LGO is an 

evolutionary loss. Recently, the gene for LGO has been 
cloned and sequenced by the Japanese group^^^^. 

Biochemical functions of vitamin C 

Although the pathological syndrome of scurvy was 
delineated by Lind about 242 years ago, the precise 
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biochemical function of the vitamin remained unclear. 
One of the reasons is the negative contribution by 
eminent scientists who had success in one field but 
were perhaps over-confident in proposing theories in 
the field of vitamin C which they had not studied in 
depth in the way they had their original field of work. 
One single example will suffice to understand this. 
McCollum, the discoverer of vitamin A, drew the surpris¬ 
ing conclusion from his experiments with guinea pigs 
that it was constipation in the guinea pig, rather than 
the lack of an unidentified factor in the diet, which 
was the cause of scurvy‘s. He did not realize that scurvy 
was a generalized disintegration of all tissues leading 
to loss of life’s total occupation, not to speak only of 
constipation. In fact, vitamin C had long been neglected. 
The knowledge that vitamin C is needed for the preven¬ 
tion and cure of scurvy was the cause of ample satis¬ 
faction to some people, particularly of the medical 
profession. Quite a few claims have been made about 
the biological functions of vitamin C, but most of these 
are nonspecific^^’^"^. Research on vitamin C got a tremen¬ 
dous boost in 1970 and onwards after the publication 
of a paper in the Proceedings of National Academy of 
Science, USA^^ and a bestseller book. Vitamin C and 
the Common Cold^^ by Linus Pauling. However, Pauling’s 
claim that large doses of vitamin C were beneficial for 
cold and cancer has not been substantiated by later 
research. But in spite of the debate, controversy and 
conflicting results about Pauling’s theory, Pauling’s mes¬ 
sage has kept vitamin C research alive. In the five 
years ending 1981, for instance about 5000 papers were 
published on vitamin C. But still the precise biochemical 
function of vitamin C remained controversial. None of 
the roles of ascorbic acid, described before,permits 
a correlation with the pathologic syndrome found in 
scurvy, which in reality is a syndrome of generalized 
tissue disintegration at all levels, both intracellular and 
extracellular. The generalized tissue disintegration in 
scurvy is accompanied by subcutaneous and intramus¬ 
cular haemorrhage in various parts of the body, disruption 
of collagen being a major cause. 

Collagen synthesis 

The link between collagen synthesis and vitamin C has 
dominated our thinking for decades. Collagen is a fibrous 
connective tissue protein which is abundant in tendons, 
ligaments, basement membranes, bone matrix and blood 
vessels. Collagen comprises about one-third of the body 
protein. The stability of collagen depends upon its triple 
helix structure, which, in turn depends on the presence 
of the unique amino acid, hydroxyproline. Ascorbic acid 
stimulates collagen synthesis by stimulating hydroxyla- 
tion of proline, which is catalysed by prolyl hydroxylase. 
Scurvy was thought to be caused due to lack of proper 
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hydroxylation of proline. However, there is little evidence 
for direct participation of ascorbic acid in collagen 
synthesis. The function of ascorbic acid for the stimula¬ 
tion of collagen synthesis is to keep the nonheme iron 
of prolyl-4-hydroxylase in the active state^^. During the 
catalytic reaction, a highly reactive iron-oxygen complex, 
a ferryl ion, is produced, which subsequently hydroxy- 
lates an appropriate proline residue^^. However, the 
generation of ferryl ion also proceeds without proline 
hydroxylation in uncoupled reaction cycles. Ascorbate 
is utilized as a specific alternative acceptor of the ferryl 
in these uncoupled reaction cycles. In the absence of 
ascorbate, prolyl-4-hydroxylase is rapidly inactivated by 
self-oxidation^^ It is debatable whether a principal func¬ 
tion of ascorbic acid is stimulation of collagen synthesis 
or prevention of disruption of collagen bundles. Recent 
evidence from our laboratory indicates that ascorbate 
protects collagen from ROS-induced oxidative degrada¬ 
tion. Moreover, studies both in vivo and in vitro indicate 
that ascorbic acid prevents ROS-mediated microsomal 
lipid peroxidation and protein degradation. These have 
been discussed later in this paper. 

Evolutionary significance 

The protective role of ascorbic acid against oxidative 
damage has evolutionary significance. LGO evolved in 
the amphibians^^. The class Amphibia emerged and 
diversified in the Devonian-Permian, when the atmos¬ 
pheric oxygen concentration increased from 15% to 35% 
(ref. 39). The water oxygen content was about 0.74% 
(ref. 39). This would indicate that during evolution of 
the vertebrates in the terrestrial atmosphere, the tetrapods 
were exposed to an environmental oxygen concentration 
of about 47 times that of their aquatic ancestors. This 
extreme hyperoxia might be a cause of extinction of 
most of the early amphibians'^^. It is conceivable that 
only those amphibians that acquired a strong defence 
mechanism against oxygen toxicity survived successfully. 
It is known that the form of oxygen responsible for 
toxicity in hyperoxia is O^* and its progeny. The enzymatic 
defence against Oj is superoxide dismutase (SOD)'^^"'*^. 
In fact, SOD was contingent for the evolution of early 
aerobic organisms'^^ In the prokaryotes, SOD is induced 
in hyperoxia. Exposure of E. coli and 5. faecalis to 25 
atm oxygen elicits induction of SOD synthesis 16-25 
times, which correlates acquisition of tolerance towards 
hyperoxia'^^ However, SOD levels of amphibian tissues 
did not increase over that of fishes^'^. Instead, there was 
a burst of LGO activity in those successful am- 
phibians^^’^^, that survived the hyperoxia through the 
late Carboniferous and early Permian. The successful 
tetrapods started synthesizing high amounts of ascorbic 
acid apparently to protect the tissues against oxidative 
damage. In the phylogenetic evolution, the biosynthetic 
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capacity continued in the reptiles, most of the mammals 
and birds. 

Subclinical deficiency 

Lack of ascorbic acid causes scurvy. So it would appear 
that if there is no scurvy there is no lack of ascorbic 
acid. However, scurvy is not a first symptom of lack 
but a final collapse, a premortal syndrome, and there 
is a very wide gap between scurvy and full health'^'*. 
Although frank scurvy is rare nowadays, a more incidious 
condition - the subclinical ascorbic acid deficiency - is 
common in many parts of the world, particularly in¬ 
volving the nursing mother, infant and elderly. Subclini¬ 
cal deficiency, or marginal ascorbic acid deficiency as 
it may be called, relates to a state of low tissue level 
of ascorbic acid, which might cause incipient biochemical 
changes without showing any apparent clinical symptom. 
We have recently observed^’'^^ that in marginal ascorbic 
acid deficiency in the guinea pig, oxidative damages 
such as lipid peroxidation and protein oxidation occur 
progressively in almost all tissues including liver, lung, 
heart, kidney, adrenal glands and testes. The oxidative 
damage occurs despite the presence of adequate levels 
of other antioxidants like a-tocopherol, glutathione, 
protein thiols and scavenging enzymes, namely SOD, 
catalase and glutathione peroxidase^’'^^. Lipid peroxidation 
and protein changes disappear after ascorbic acid therapy. 
We have taken the guinea pig as a model animal, 
because like humans it cannot synthesize ascorbic acid, 
so the results may be applicable to humans. Particular 
mention should be made about heart tissue^. The levels 
of antioxidants and free radical scavenging enzymes are 
normally low in the heart. We have indicated^ that 
chronic subclinical ascorbic acid deficiency may produce 
progressive oxidative damage which in the long run 
may lead to permanent degenerative vascular diseases 
and myocardial infarction. 

Protection of microsomal membranes against 
lipid peroxidation and oxidative damage of 
proteins 

Numerous studies”*'^^ have been made in vitro for elucidat¬ 
ing the mechanism of oxidative damage and its preven¬ 
tion. However, most of these studies require the presence 
of free iron in the incubation medium, a condition which 
has apparently no relevance to the in vivo situation. 
This is because in the normal physiological condition, 
iron does not exist in the free state but remains tightly 
bound with proteins. Using a model in vitro system, 
which is more relevant to the in vivo situation, we have 
demonstrated'^^’'^^ that NADPH initiates lipid peroxidation 
and oxidative degradation of microsomal proteins in the 
absence of free iron. Lipid peroxidation and protein 

749 



REVIEW ARTICLES 


degradation are mediated by cytochrome P450 and 
specifically prevented by ascorbic acid. Other scavengers 
of ROS including SOD, catalse, GSH, vitamin E are 
ineffective. Ascorbate also prevents O^-initiated free 
iron-independent P450-mediated protein oxidation. 
Probably the oxidant is a perferryl moiety, namely, P450 
Fe^‘^*Oj. The oxidative degradation of proteins occurs 
irrespective of tissues, namely liver, kidney, lung, heart, 
adrenal gland and brain'^^’'^^ It is a two-step process: (i) 
P450Fe^‘^*O^-mediated oxidation of proteins and (ii) rapid 
proteolytic degradation of the oxidized proteins. Using 
lysyl residue as a model, a mechanism has been 
proposed"^^ for P450Fe^"’*O^-mediated protein oxidation 
as indicated below. 

RCH 2 NH 2 + P450Fe3^-O*+H^ RCHNH^ 

+ P450Fe^-^+H2O2 
RCHNH^ RCH=NH 

RCH=NH + Hp RCHO + NH 3 . 

Apparently, P450Fe^‘^-O^ abstracts a hydrogen from the 
side chain amino acid residue producing a carbon-centred 
radical followed by its conversion to an imino derivative, 
which then undergoes spontaneous hydrolysis producing 
an aldehyde derivative of the lysyl residue. Ascorbic 
acid specifically prevents initiation of protein oxidation 
by providing an easily donatable hydrogen for abstraction 
by P450Fe^'^‘O^, thus sparing the side-chain amino acid 
residue as shown below: 

P450Fe^-O£ + AH2 P450Fe^^-O7 +AH*+ 
AH'+AH--^ AH^ + A. 

In this process, ascorbate (AH^) is oxidized to ascor¬ 
bate-free radical (AH’), which apparently decays by 
disproportionation to AH 2 and dehydro ascorbate (A). 
Once ascorbic acid intercepts the reaction between 
P450Fe^^*O^ and the side chain amino acid residue, the 
oxidation of the protein is prevented. So, the subsequent 
proteolytic degradation of the protein is also prevented. 

Protection of collagen against oxidative damage 

We have also shown that ascorbic acid prevents oxidative 
degradation of collagen by ROS produced by O^ 
generated from activated macrophages'^^ The extracellular 
matrix of mammals contains numerous macrophages that 
undergo oxidative burst during phagocytosis and release 
in the environment large amounts of O^, redox proteins, 
like cytochrome b^^g as well as metalloproteinases. As 
mentioned above, in the case of microsomal cytochrome 
P450, collagen is apparently oxidized by a ferryl type 
of ROS produced from O] and cytochrome bj^g. The 
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oxidized collagen subsequently undergoes proteolytic 
degradation by the metalloproteases. Exposure of col¬ 
lagen fibrils to generated by the xanthine-xanthine 
oxidase system also results in rapid oxidation of col- 
lagen"^®. In this case, the collagen oxidation is a function 
of the protein-bound redox iron of xanthine oxidase 
(XOD). The reactive oxygen species involved is also 
probably a ferryl moiety, namely, XOD-Fe^'*‘'Oj. As 
observed in the case of microsomal proteins, ascorbic 
acid apparently prevents collagen oxidation by interacting 
with the perferryl moiety. Once collagen oxidation is 
prevented, the subsequent proteolytic degradation of 
collagen is also prevented. SOD also prevents 0^-induced 
collagen breakdown, but in contrast to ascorbic acid 
which is ubiquitous in vivo, the content of SOD in the 
extracellular fluid is negligible^^^’^^ This imparts a specific 
important role of ascorbic acid for the protection of 
collagen in the extracellular matrix of mammalian tissues. 
We consider that an apparently specific function of 
ascorbic acid is to protect the collagen of the extracellular 
matrix from oxidative degradation. 

Conclusion 

The above mentioned results indicate that a potential 
and apparently specific role of ascorbic acid is to protect 
the mammalian tissues against oxidative damage both 
at the intracellular and extracellular levels. We have 
reported that even in subclinical ascorbic acid deficiency, 
oxidative damage occurs as evidenced by lipid peroxida¬ 
tion and damage of microsomal proteins^'^^ and that 
persistent subclinical deficiency results in progressive 
oxidative damage. We postulate that scurvy symptoms 
in acute ascorbic acid deficiency is apparently a premortal 
syndrome of severe oxidative damage, leading to dis¬ 
integration of tissues. In our present day lifestyle, we 
are continuously exposed to environmental pollutants 
such as cigarette smoke, drugs, pesticides, xenobiotics 
and car exhausts. These pollutants result in increased 
production of reactive oxygen species, leading to in¬ 
creased oxidative damage such as lipid peroxidation and 
oxidative degradation of proteins. Since oxidative damage 
is supposed to be a physiological event associated with 
various degenerative diseases and aging, we postulate 
that vitamin C is probably a potential saviour against 
aging and degenerative diseases. 
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The response to transient increase of greenhouse gases 
and sulphate aerosols in the Earth’s atmosphere on 
the monsoon climate is examined using the data 
generated in coupled atmosphere-ocean model experi¬ 
ments performed recently at Deutsches Klimarechen¬ 
zentrum, Germany. We discuss here the potential role 
of the sulphate aerosols in obscuring the greenhouse 
gas-induced warming over the Indian subcontinent 
during the past century. A comparison of observed 
and model-simulated trends in annual mean near¬ 
surface temperature and monsoon rainfall over the 
region provides ample evidence of the model’s skill. 
The combined greenhouse gas and sulphate aerosol 
forcing experiment replicates the observed changes 
over the region in a broad sense both during winter 
and on annual mean basis. The year-to-year variability 
in simulated monsoon rainfall over the Indian subcon¬ 
tinent is in fair agreement with the observed climato¬ 
logy. 


We present here a plausible scenario of climate 
change for the Indian subcontinent as expected by the 
middle of next century taking into account the 
projected emission of greenhouse gases and sulphate 
aerosols. The results suggest an increase in annual 
mean surface air temperature of 1.0“C over the land 
regions of the Indian subcontinent in the decade 2040s 
with respect to the 1980s. During the monsoon season, 
this warming is found to be less pronounced than in 
the winter months over the region. Moreover, the 
warming of land region of the Indian subcontinent is 
likely to be relatively lower in magnitude as compared 
to the adjoining ocean, resulting in a decline in land-sea 
thermal contrast, the primary factor responsible for 
onset of summer monsoon circulation. As a conse¬ 
quence and contrary to simulations which consider 
only CO, forcing, a weakening of pressure gradient 
over the Region and a decline in monsoon rainfall is 
simulated by the model. 


Any changes in the radiative balance of the Earth, 
including those due to anthropogenic increase in green¬ 
house gases or in aerosols, tend to alter atmospheric 
temperature and the associated circulation and weather 
patterns. During the past two decades, several studies 
have been undertaken to assess the effect of increasing 
greenhouse gases on the Earth’s climate through the 
use of numerical models^"^ The numerical experiments 
performed earlier in this decade with the state-of-art 
coupled ocean-atmosphere general circulation models 
(GCMs) estimated that the increase in greenhouse gases 
in the atmosphere since the industrial revolution should 
have generated an increase in global temperature of 
about 0.6-1.3“C (ref. 9). In reality, the global mean 
temperatures have risen by about 0.45 ± 0.15“C (ref. 10) 
which is at the lower end of uncertainty of the response 
of Earth’s climate to greenhouse gases. These experi¬ 
ments predicted a mean rate of global warming of about 
0.3“C/decade during the next century as a result of 
increasing greenhouse gases in the atmosphere^. Con¬ 
siderable variability in the rate of warming in different 
parts of the globe was also suggested. 

The most recent IPCC Report^' has identified sulphate 
aerosols as a secondary, but potentially important, com¬ 
ponent that can also affect the climate system by changing 
the radiative balance of the atmosphere. Sulphate aerosols 
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interact mainly with solar radiation and enhance the 
Earth’s albedo, thereby cooling the surface temperature^^. 
In a numerical experiment with an atmospheric GCM 
coupled to slab ocean using the observed greenhouse 
forcing over the past 100 years and an estimate of the 
trend in sulphate aerosol burden calculated by an off-line 
chemical model, Roeckner et alP reported a net cooling 
over the highly industrialized regions of the northern 
hemisphere such as eastern United States and large parts 
of Eurasia. Recent applications of coupled ocean-atmos¬ 
phere climate modelshave confirmed that, while the 
combined effect of greenhouse gases and sulphate 
aerosols is to marginally reduce the mean rate of global 
warming (0.2°C/decade which is still twice the rate of 
the tolerance limit of some of the sensitive ecosystems) 
and that the global warming will accelerate as greenhouse 
gas forcing begins to dominate the aerosol forcing in 
coming years, anthropogenic sulphate and biomass com¬ 
bustion aerosols in the troposphere may lead to strong 
negative forcing in some regions of the globe. 

Theoretically, sulphate aerosols are not the only par¬ 
ticles that can contribute to cooling. Several kinds of 
natural aerosols exist in the Earth’s atmosphere. They 
do not, however, seem to be major factors causing 
change. Natural aerosols - mostly continental dust, sea 
salt and marine sulphate compounds - have probably 
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remained constant in their concentration, distribution and 
properties for at least a century. Thus, they would not 
have contributed to any observable alterations in climate. 
The cooling trends precipitated by the major volcanic 
aerosols, e.g. Krakatoa in 1883 and Pinatubo in 1991 
lasted only a few years. In stark contrast, sulphate aerosol 
compounds in the atmosphere have increased dramatically, 
primarily during the course of industrialization and most 
rapidly since about 1950 (refs. 16, 17). Climatologists 
have thus far focused much of their attention on industrial 
sulphur compounds as they are the best understood aerosols 
in view of the large body of data gathered in the past 
few decades in studies of acid rain. The sulphate aerosols 
are concentrated over and downwind of the main industrial 
regions where the present day rate of cooling is found 
much stronger than the global average and hence locally 
they may nearly cancel the warming from anthropogenic 
greenhouse gases. As the anthropogenically induced sul¬ 
phate aerosol burden in the troposphere would have large 
spatial and temporal variations in the atmosphere^^ its 
future impact on regional scales could be in striking 
contrast to the impact from greenhouse gases for which 
the concentration changes, in most cases, are likely to be 
uniform throughout the globe. 

Lai et alP examined the effect of increasing 
anthropogenic greenhouse gases {Business-as-usual 
scenario of the Intergovernmental Panel on Climate 
Change^^^) on monsoon climate using the transient experi¬ 
ments performed with Hamburg coupled atmosphere- 
ocean (ECHAMl+LSG) climate model. The study 
suggested that the mean surface temperature over the 
Indian subcontinent could significantly rise by >2‘’C in 
the next 100 years. An increase in monsoon rainfall 
over the central plains of India was also suggested. 
With a view to critically examining the anthropogenic 
influences on the observed changes in global and hemis¬ 
pheric near-surface temperatures during the past several 
decades and on the future climate, a set of three new 
long-term (1880-2049) transient simulations have been 
performed recently at Deutsches Klimarechenzentrum, 
Germany^^’^^ the first being the control simulation with 
constant radiative forcings, the second one with observed 
(for the past century) and projected greenhouse gas- 
induced radiative forcings and the third with combined 
observed and projected greenhouse gas and sulphate 
aerosol forcings. The seasonally and annually averaged 
spatial patterns of near-surface temperature and precipita¬ 
tion changes are found to be quite different in the 
experiment with combined greenhouse gas and sulphate 
aerosol forcings than in the experiment with greenhouse 
gas forcing alone specially in the northern hemisphere 
and over Eurasia in particular^^ In view of this, we 
have analysed the data generated in these recent climate 
simulations for a re-assessment of the anticipated climate 
change over the Indian subcontinent. 


In this article, we compare the observed and model- 
simulated trends in area-averaged annual mean near¬ 
surface temperature and monsoon rainfall over the Indian 
subcontinent for the period 1880-1993. A comparison 
of observed and model-simulated regional trends in 
near-surface temperature provides a potentially more 
stringent test of the model’s credibility. An updated 
plausible future climate scenario for the Indian subcon¬ 
tinent is also presented here. 

Climate model 

The present study is based on analysis of data generated 
in numerical experiments performed with the so-called 
European Community HAMbmg (ECHAM version 3) 
atmospheric model coupled to a Large Scale Geostrophic 
ocean model (hereafter referred to as ECHAM3 + LSG 
model). 

ECHAM3 is the third generation atmospheric general 
circulation modeP^ used for global climate modelling 
investigations in Germany. The model equations are 
solved on 19 vertical levels in a hybrid sigma-pressure 
system by using the spectral transform method with 
triangular truncation at wavenumber 21 (T-21). Nonlinear 
terms and physical processes, however, are evaluated at 
grid points of a Gaussian grid providing a nominal 
resolution of 5.625“ in latitude and longitude. The radia¬ 
tion scheme is based on a two-stream approximation of 
the radiative transfer equations with six spectral intervals 
in the infrared and four in the solar spectrum^^. Gaseous 
absorption due to water vapour, carbon dioxide and 
ozone is taken into, account as well as scattering and 
absorption due to aerosols and clouds. The cloud optical 
properties are parametrized in terms of the cloud water 
content. The parametrization of cumulus convection in 
ECHAM3 version of the model is based on the concept 
of mass flux scheme of Tiedke^"^, which represents 
various types of convection, from the penetrative con¬ 
vection maintained by large-scale convergence of mois¬ 
ture to the shallow convection such as trade-wind cumuli 
associated with suppressed conditions. Stratiform clouds 
are predicted per se in accordance with a cloud water 
equation, including sources and sinks due to condensa¬ 
tion/evaporation and precipitation formation. The land 
surface scheme^^ considers the heat and water budgets 
in the soil, snow cover and land and the heat budget 
of permanent land and sea ice. The heat transfer equation 
is solved in a five-layer model assuming that the heat 
flux vanishes in the bottom-most layer. The integration 
is performed following the semi-implicit scheme with 
leap frog time filter at every 40 min. 

The LSG ocean modefr^ is based on a numerical 
formulation of the primitive equations appropriate for 
large scale geostrophic motion. The nonlinear advection 
of momentum is neglected and fast gravity waves are 
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strongly damped by an implicit time integration scheme 
using a time step of 30 days. The discretization of the 
ocean model is based on 11 unequally spaced vertical 
levels and two overlapping 5.625° horizontal grids, which 
are interpolated onto the resolution of the Gaussian grid 
used in ECHAM3. In the coupled mode, the basic time 
step is reduced to 1 day for the computation of sea ice 
and the temperature and salinity in the two uppermost 
ocean layers in order to resolve the rapid response of the 
upper ocean to the short-term variability of the atmosphere. 

The ECHAM3 and LSG are coupled by the air-sea 
fluxes of momentum, sensible and latent heat, short and 
long wave radiation and fresh water. To avoid a climate 
drift of the coupled system in long time integrations, a flux 
adjustment term is applied. Both the models are integrated 
synchronously but with their respective time steps. 

Numerical experiments and region of interest 

In the first experiment (hereafter referred to as C), the 
control reference atmosphere has been simulated with 
the coupled climate model over a 170-year period with 
constant atmospheric CO^ concentration. The second 
experiment (hereafter referred to as G) included the 
radiative forcing of observed atmospheric equivalent 
CO 2 (CO 2 and other greenhouse gases) concentrations 
for the period 1880-1989 and the projected (based on 
Business-as-usual scenario of IPCC and representing a 
- 1.3% per year compound increase of CO 2 ) equivalent 
CO 2 concentrations for the period 1990-2049. In the 
third experiment (hereafter referred to as S), the effect 
of both the greenhouse gases (equivalent CO 2 ) as well 
as the sulphate aerosols was considered. The anthro¬ 
pogenic sulphate burden information was obtained from 
Langner and Rodhe’s calculations^^ and the direct radia¬ 
tive forcing was mimicked by a change of the surface 
albedo following the algorithm developed by Charlson 
et alP. The global mean sulphate forcing increased con¬ 
tinuously, and more rapidly from 1950 onwards. Figure 
1 depicts the spatial distribution of sulphate loading 
over the Indian subcontinent for the present-day atmos¬ 
phere and that expected”^ by the middle of next century. 

The geographic region of interest for our data analysis 
reported herein was mainly confined to the region 
bounded by ~ 5°N to 35°N latitude and ~ 65°E to 95°E 
(Indian subcontinent and adjoining seas). It may be 
recalled that the ECHAM models (both version 1 and 
version 3) have demonstrated^^’^^’“^ considerable skill in 
simulating the Indian monsoon circulation and the 
seasonal cycle of observed climatology for the region 
at varying resolutions. Therefore, we shall not attempt 
to elaborate on these general aspects here. It may 
however be worth mentioning here that the spatial pattern 
of model-simulated monsoon rainfall in the present ver¬ 
sion of the model (ECHAM3) is in better agreement 
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a 1980 s 



b 2040 s 



Figure 1. The spatial distribution of anthropogenic sulphate aerosol 
burden (mg m'^) in the atmosphere over the Indian subcontinent for 
1980s and 2040s (based on Langner and Rodhe’s calculations^^). 

with the observed pattern (except that the observed 
sharp east-west gradient in rainfall over peninsular India 
is not precisely resolved in the model due to rather 
coarse resolution) than in the previous version of the 
model (ECHAM 1) primarily as a result of inclusion of 
mass flux convergence scheme. 

Comparison of past observed and simulated 
trends in regional climatology 

In order to place a high degree of confidence in future 
climate change, climate models must replicate the past 
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trends in key climate elements within the limits of 
natural variability. Analysis of the recent simulated 
global and northern hemispheric mean near-surface 
temperatures has proved that an anthropogenic climate 
change signal in observed records of near-surface air 
temperature change can be detected at 95% confidence 
level. Figure 2 depicts the global 5-year running mean 
surface air temperatures as observed^^^ for the period 
from 1880 to the present and as simulated by the model 
for the period 1880-2049 in experiments G and S. An 
increasing trend in both the observed and the model- 
simulated annual mean near-surface temperatures is seen 
in the recent decade but is more rapid in experiment 
G than either in experiment S or observations. This 
suggests that model-simulated past trend in global mean 
surface warming can be reconciled with the observed 
warming trends only when the cooling effect of aerosols 
on climate is accounted for. 

On regional scales, the higher level of year-to-year 
variability obscures any systematic differences in surface 
temperature simulated in experiments G and S in the 
first half of this century. Figure 3 depicts the 5-year 
running mean anomalies in area-averaged mean surface 
air temperatures as observed^^ for the period from 1880 
to the present and as simulated by the model for the 
period 1880-2049 in experiments G and S for the Indian 
subcontinent (land points only). The temperature 
anomalies in experiment G show a much higher increas¬ 
ing trend than observed after the year 1970. The tempera¬ 
ture anomalies in experiment S do not exhibit any 
increasing trend until after 1985. The inter-annual 
variability generated by the model is quite realistic in 
a statistical sense if we recognize that these climate 
model simulations do not attempt to precisely simulate 
individual years. 

Table 1 gives the mean annual and seasonal (winter 
and monsoon) changes in area-averaged near-surface 
temperature in the decade 1980-89 with respect to the 



Figure 2. Observed (1880-1992) and model-simulated (1880-2049) 
trends in global mean surface air temperature anomalies (5-year running 
means). 


decade 1880-89 over the Indian subcontinent as 
observed^^ and those simulated in the experiments G 
and S. It may be noted here that the simulated area- 
averaged (land only) annual mean temperatures over the 
Indian subcontinent for the three decades (1931-1960) 
are 21.7, 21.8 and 21.7‘’C in experiments G, G and S 
respectively as compared to the observed^^ climatology 
of 21.6‘’C, suggesting that the annual mean near-surface 
temperature climatology simulated by the model in all 
the three experiments is quite close to that observed 
over the region. 

Two important points emerge from Table 1. The first 
is that the annual mean temperature change simulated 
by the model in the greenhouse gas forcing only ex¬ 
periment is a factor of two higher than the observed 
changes over the past century over the Indian subcon¬ 
tinent. The combined greenhouse gas and sulphate aerosol 
forcing experiment is able to replicate the observed 
changes over the region in a broad sense both during 
the winter and on annual mean basis. The second point 
is that the influence of clouds may be more dominant 
over the region during the monsoon season as evidenced 
from the observed cooling. An area-averaged change in 
fractional cloud cover of + 0.3% and -0.8% is obtained 



Year 

Figure 3. Observed (1880-1993) and model-simulated (1880-2049) 
trends in area-averaged annual surface air temperature anomalies (5-year 
running means, land regions only) over the Indian subcontinent. 


Table 1. Observed and model-simulated changes in area-averaged 
near-surface temperature in the decade 1980-89 with respect to the 
decade 1880-89 over the Indian subcontinent 


Period 

Experiment G 
(Land only) 

Experiment S 
(Land only) 

Observed 

Annual 

0.89 

0.33 

0.4 

Winter (DJF) 

1.21 

0.56 

0.7 

Monsoon (JJAS) 

0.64 

0,18 

-0.3 
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in experiments G and S respectively in the decade 
1980-89 with respect to the control climate of 1880-89 
during the monsoon season over the land regions of 
the Indian subcontinent. The precise modulating role of 
clouds in numerical models is not yet fully understood. 

The spatial distribution of changes in annual mean 
near-surface temperature over the Indian subcontinent 
as simulated in experiments G and S for the decade 
1980-89 with respect to the control climate of decade 
1880-89 is illustrated in Figure 4. While an increase 


a equi. CO 2 



b equi. CO 2 + aerosol 



Figure 4. Spatial distribution of chapge in annual mean surface air 
temperature (“C) during the decade 1980s with respect to the decade 
1880s over the Indian subcontinent as simulated by the model due to 
(a) equivalent CO 2 forcing and (b) combined equivalent CO, and 
aerosol forcings. 


in annual mean near-surface temperature is simulated 
everywhere over the Indian subcontinent in experiment 
G, a decrease in near-surface temperature over the 
subcontinent to the north of 25‘’N is simulated in experi¬ 
ment S. While analysing the decadal trends in observed 
surface air temperature over India, Srivastava et al?^ 
have clearly demonstrated a decreasing trend in almost 
all of the northern part of the country (north of 23"N) 
and a rising trend elsewhere. The simulated cooling 
over the north and northwest India in experiment S is 
thus in conformity with the earlier observations^"^, 
indicating that the combined CO^ and aerosol forcing 
in the model simulation is able to faithfully reproduce 
the changes in near-surface temperature over the region 
as observed during the past century. The simulated 
warming over the region in experiment G during the 
past century is much larger than that has occurred in 
reality. It is interesting to note here that, even though 
the regionally confined forcing resulting from 
anthropogenic sulphur emissions has increased relatively 
sharply only since 1950, its response to the surface 
temperature change is most pronounced in tropics in a 
coupled atmosphere-ocean system, in agreement with 
the current view among scientific community^^. This 
suggests that the realized climate change over the region 
during the past century can, to a large extent, be 
attributed to the combined greenhouse gas and sulphate 
emissions. 

Figure 5 depicts the 10-year running mean anomalies 
in area-averaged mean rainfall as observed^^"^^ for the 
period from 1880 to the present and as simulated by 
the model for the period 1880-2049 in experiments G 
and S over the Indian subcontinent. The inter-annual 



Year 

Figure 5. Observed (1880-1993) and model-simulated (1880-2049) 
trends in area-averaged monsoon rainfall anomalies (10-year running 
means, land regions only) over the Indian subcontinent. 
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variability in simulated monsoon rainfall over the Indian 
subcontinent is in fair agreement with the observed 
climatology. The simulated rainfall anomalies in the 
experiment G show an increasing trend after the year 
1970. This increasing trend is not discernible in either 
the observed anomalies or in the experiment S until the 
present-day. 

In the available observed records of rainfall over the 
Indian subcontinent, a 30-year cyclicity has been 
reported^^, with no definite trend over the past century. 
However, as noted in Santer et while the simulated 
temperature in a low resolution model on regional scales 
has a high signal-to-noise ratio, the simulated rainfall 
is quite noisy and it is difficult to identify any clear 
increasing/decreasing trends or cyclicity in the simulated 
rainfair during the past few decades. 

The spatial distributions of model-simulated changes 
in monsoon rainfall over the region in experiments G 
and S in the decade 1980s with respect to 1880s are 
depicted in Figure 6. While an increase in excess of 
0.5 mm day“^ in the past century is simulated in experi¬ 
ment G over the semi-arid regions of north India, both 
the model simulation in experiment S and the observed 
records"^^ suggest an enhancement in aridity over this 
region. However, the simulated changes in rainfall over 
the Indian subcontinent (± 1 mm day"^) in both the 
experiments G and S during the past century are within 
the range of inter-annual variability observed over the 
region. 

In addition to that discussed above, the ECHAMS-i- 
LSG model has been able to reproduce the observed 
seasonal reversal in mean sea level pressure, the location 
of heat low and the other characteristic features of the 
monsoon circulation over the region considered here in 
its control simulation. A fair degree of confidence can, 
therefore, be placed in the projected climate change 
scenario simulated by the model in experiment S. 

Future projections on regional climate change 

The time evolution of future changes in globally averaged 
annual mean surface temperature as simulated in transient 
experiments G and S is depicted in Figure 2. The 
model-simulated globally averaged annual mean warming 
by the decade 2040s with respect to the decade 1980s 
of 2.48°C in experiment G (with greenhouse gas forcing 
only) approximates a 0.35°C/decade rate of warming, 
in overall agreement with the IPCC^^^ projection of 
0.3“C/decade made for Business-as-usual scenario with 
a simplified upwelling-diffusion model of Wigley and 
Raper'^^ The globally averaged annual mean warming 
by the decade 2040s with respect to the decade 1980s 
simulated by the model in experiment S (combined 
greenhouse gas and sulphate aerosol forcings) is 1.62“C. 
This gives a warming rate of 0.23“C/decade over the 
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next century, though lower than with only greenhouse 
gas forcing but still greater than that observed over the 
past 10,000 years. The model-simulated rise in globally 
averaged surface air temperatures during December- 
February and June-August in the experiments G and S 
is given in Table 2. It is evident that in both the 
experiments, the warming is more pronounced during 
NH winter than in NH summer and over land regions 
which is typical of all previous modelling results and 
is physically plausible^. 


a equi. CO2 



b equi. CO2 + aerosol 



Figure 6. Spatial distribution of change in monsoon rainfall (mm day'b 
during the decade 1980s with respect to the decade 1880s over the 
Indian subcontinent as simulated by the model due to {a) equivalent 
CO 2 forcing and (h) combined equivalent COj and aerosol forcings. 
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The development of useful estimates of future regional 
scale changes simulated by the global climate model is 
dependent upon the reliability in simulation of the 
large-scale circulation features and on the skill of the 
model in simulating the regional scale past and present- 
day climatology. The results on the past and present-day 
climate simulations with ECHAM3 + LSG climate model 
as discussed above provide reasonable confidence in 
both these aspects. 

The changes in area-averaged annual and seasonal 
mean 2 m temperature over the Indian subcontinent as 
simulated by the model in experiments G and S for 
the period 2040s with respect to 1980s are listed in 
Table 3. It is seen from this table that while the 
simulated future warming over the region for experiment 
G is consistent with other model results^^’^^ the warming 
in experiment S is lower by more than a factor two 
over the land regions on annual mean basis. Nonetheless, 
annual mean surface warming over the Indian subcon¬ 
tinent is only marginally lower than that simulated for 
the globe in spite of increasingly strong negative forcing 
over the region due to sulphate aerosols. 

Another interesting point to note is that while the 
simulated surface warming is more pronounced over the 
land region in experiment G (greenhouse forcing only), 
the land region of the study area is less warm than the 
adjoining oceanic region in experiment S, more sig¬ 
nificantly during the monsoon season. This could imply 
a large-scale change in land-sea thermal contrast that 
determines relative summer monsoon strength over the 
region. We shall discuss further on this aspect later. 


Table 2. Globally averaged annual and seasonal changes in 2 m 
temperature as simulated by the ECHAM3 + LSG climate model in 
G and S experiments 




Equi. 

CO 2 

Equi. CO 2 

+ aerosol 



2040s- 

2040s- 

2040s- 

2040s- 

Period 


1880s 

1980s 

1880s 

1980s 

Land + sea 

Annual 

2.76 

2.48 

1.90 

1.62 


Winter (DJF) 

2.83 

2.56 

2.00 

1.73 


Summer (JJA) 

2.72 

2.44 

1.82 

1.54 

Land only 

Annual 

3.61 

3.41 

2.15 

1.95 

Winter (DJF) 

3.81 

3.55 

2.48 

2.21 


Summer (JJA) 

3.57 

3.46 

1.93 

1.82 


Table 3. Model-simulated changes in area-averaged annual and 
seasonal mean 2 m temperature over the Indian subcontinent for 
the period 2040s with respect to 1980s in G and S experiments 



Equi. CO 2 

Equi. CO 2 

+ aerosol 

Period 

Land + sea 

Land 

Land + sea 

Land 

Annual 

2.60 

2.87 

1.41 

1.13 

Winter (DJF) 

2.79 

3.16 

1.63 

1.68 

Monsoon (JJAS) 

1.87 

1.88 

1.38 

1.05 


The spatial distributions of changes in annual mean 
near-surface temperature over the Indian subcontinent 
as simulated in experiments G and S for the decade 
2040-49 with respect to the present-day climate are 
illustrated in Figure 7. The simulated surface warming 
over the region in experiment G during the decade 
2040s is >2“C over most part of the subcontinent, 
consistent with our findings reported earlier^^. In ex¬ 
periment S, the magnitude of simulated surface warming 


a equi. CO2 



b equi. CO2 + aerosol 



Figure 7. Spatial distribution of change in annual mean surface air 
temperature (°C) during the decade 2040s with respect to the decade 
1980s over the Indian subcontinent as simulated by the model due to 
(a) equivalent CO 2 forcing and (b) combined equivalent CO 2 and 
aerosol forcings. 
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over most of the region (with the exception of western 
India) is considerably low (< 1.0°C). A marginal cooling 
is also simulated in isolated region over the central 
plains of India. 

Figure 8 depicts the spatial distribution of seasonal 
mean near-surface temperature over the Indian subcon¬ 
tinent as simulated in experiment S for the rfpf'aHp 
2040-49 with respect to the present-day climate. During 
winter, while north and north-west India may experience 
> 2.0 C warming, cooling of over 2.0°C is simulated 


« winter 



^ monsoon 



Figure 8. Spatial distribution of model-simulated changes in (a) winter 
and (b) monsoon surface air temperature (“C) during the decade 2040s 
with respect to the decade 1980s over the Indian subcontinent due to 
combined equivalent CO 2 and aerosol forcings. 
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by the model over the north-east India. The warming 
simulated by the model over most of the study area 
during monsoon season is l.O^C or less. The surface 
cooling confined to central India is simulated to be 
close to 0.5°C during this season. 

On global mean basis, the simulated increase in rainfall 
for the decade 2040s is close to 0.2 mm day“^ both 
during winter and summer in experiment G. This increase 
is reduced by a factor of two to 0.1 mm day"' during 
winter and by a factor of four to 0.05 mm day"' during 


« equi. CO2 



b equi. CO2 + aerosol 



Figure 9. Spatial distribution of change in monsoon rainfall (mm day”^) 
during the decade 2040s with respect to the decade 1980s over the 
Indian subcontinent as simulated by the model due to {a) equivalent 
CO 2 forcing and {b) combined equivalent CO 2 and aerosol forcings. 
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a control (1980's) 



c equi. CO 2 + aerosol (2040's) 



Figure 10. Spatial distribution of model-simulated mean sea level pressure 
(hPa) over the Indian subcontinent in the month of July during (a) 1980s 
in control experiment, (i) 2040s in equivalent COj forcing experiment 
and (c) 2040s in combined equivalent COj and aerosol forcings experiment. 


summer in experiment S. While no significant increase 
in winter precipitation is simulated over the Indian 
subcontinent, for the decade 2040s, the model simulates 
an increase in summer monsoon rainfall by about 2 mm 
day"' in experiment G. The increase in summer monsoon 
rainfall simulated by the model in experiment G (Figure 
5) is consistent with findings from other model simula- 
tions'*^-'*^ in enhanced greenhouse gas forcing-only experi¬ 
ments. In experiment S (combined greenhouse gas and 
aerosol forcings), however, a decrease of about 0.5 mm 
day"' in summer monsoon rainfall is simulated for the 
decade 2040s. 

The spatial distribution of model-simulated changes 
in monsoon rainfall over the region in experiments G 
and S for the decade 2040s with respect to 1980s is 
depicted in Figure 9. While an increase in excess of 
2.5 mm day"' of rainfall is simulated in experiment G 
over the semi-arid regions of north India with over 1.0 
mm day"' elsewhere in the region, the simulated decrease 
in rainfall over the entire central plains of the Indian 
subcontinent in experiment S is larger than 1.0 mm 
day"'. The simulated decline in summer monsoon rainfall 
over the region in experiment S is found to be marginally 
above the range of inter-annual variability observed over 
the region for the present-day atmosphere. 

As noted earlier, the simulated increase in surface 
temperature over the oceanic region of the study area 
is higher than the land mass of the Indian subcontinent, 
particularly during the monsoon season in model ex¬ 
periment with combined greenhouse gas and aerosol 
forcings. This should lead to a reduction in land-sea 



Figure 11. Spatial distribution of change in specific humidity (g/kg) 
in monsoon season at 850 hPa level during the decade 2040s with 
respect to the decade 1980s over the Indian subcontinent as simulated 
by the model in combined equivalent COj and aerosol forcings ex¬ 
periment. 
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thermal contrast. As a consequence, we expect that the 
monsoon trough and the heat flow over the north-west 
India during the monsoon season should weaken. Figure 
10 illustrates the spatial distribution of mean sea level 
pressure in July over the Indian subcontinent for the 
decades 1980s (in experiment C), and 2040s (in experi¬ 
ments G and S). It is clearly, seen that, while the mean 
sea level pressure distribution over the Indian subcon¬ 
tinent has remained unchanged in experiment G, the 


« equi. CO2 



b equi. CO2 + aerosol 



Figure 12. Spatial distribution of change in mean monsoon cloud 
cover (in fraction) during the decade 2040s with respect to the decade 
1980s over the Indian subcontinent as simulated by the model due to 
(a) equivalent CO^ forcing and (b) combined equivalent CO^ and 
aerosol forcings. 


low pressure over northwest India has weakened in 
experiment S. It may be recalled that much of the 
monsoon rainfall over the central plains of India is 
associated with the low pressure vortices which develop 
over the north Bay of Bengal and move on to the 
subcontinent along the monsoon trough in a northwesterly 
direction. As a consequence of weaker pressure gradient 
(and hence an ill-defined monsoon trough), the monsoon 
circulation simulated in the experiment S is not likely 
to be as vigorous as simulated in experiment G, leading 
to lesser moisture convergence over the land regions. 
A weakening of the low level zonal flow in the decade 
2040s relative to decade 1980s is simulated by the 
model in experiment S over south peninsular India 
during the monsoon season. The spatial distribution of 
simulated change in 850 hPa specific humidity during 
the monsoon season over the Indian subcontinent in the 
decade 2040s in experiment S (Figure 11) suggests a 
decline in water vapour content of the atmosphere over 
the central plains of India. The area averaged simulated 
change in specific humidity in July over the study region 
between surface and 500 hPa level is lower by a factor 
two in experiment S relative to experiment G in the 
decade 2040s. The relatively less evaporation from the 
land surface, which is comparatively cooler than in 
enhanced greenhouse gas forcing only experiment, also 
reduces water vapour content of the atmosphere, thus 
resulting in a decline in summer cloud cover (Figure 
12) and associated monsoon rainfall over the central 
plains of India. 

An analysis of the area-averaged (land points only) 
daily rainfall from May to October simulated by the 
model in experiment C (averaged for the decade 1980s) 
and experiments G and S (averaged for the decade 



MONTH 


Figure 13. Time evolution of area-averaged (land points only) daily 
rainfall over the Indian subcontinent during the period May-October 
in experiment C (1980s) and in experiments G and S (2040s). 
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2040s) does not suggest early onset or late withdrawn 
of the monsoon rains over the Indian subcontinent in 
either of the two anomaly experiments (Figure 13). The 
simulated decline in monsoon rainfall in experiment 
is found to be statistically significant at 90% confidence 
level. Moreover, while an increased frequency m the 
intense spells of monsoon rainfall is observed in green¬ 
house gas forcing experiment, a decline in the frequency 
of heavy rainfall spells (> 10 mm day-) is simulated 
by the model in the combined greenhouse gas and 

aerosol forcing experiment. 

The results presented above highlight the potential 
influence of combined greenhouse gas and aerosol 
forcings on the monsoon climate. A more rigorous 
statistical assessment of the projected changes in mon¬ 
soon climate and its implications for agriculture and 
ecosystems will form a separate study. 


Conclusions 

While there is, as yet, incomplete knowledge of the 
physical, chemical and radiative properties of aerosols, 
the available estimates on the mean climatological dis¬ 
tribution of sulphate aerosols and the associated ‘direct 
negative radiative forcings have enabled climate modell¬ 
ing groups in the world (only two till date) to examine 
its impact on the greenhouse gas-induced warming. The 
preliminary results have been encouraging in that the 
scientific community has been able to attribute the 
observed increases in global mean temperature to 
anthropogenic activities of mankind with a degree of 
confidence. 

The results obtained in ECHAM3 + LSG model 
simulation on the past trends in surface air temperature 
and rainfall are encouraging in that they are able to 
replicate, in a broad sense, the observed changes in 
monsoon climate over the Indian subcontinent and 
this enables us to place a moderate degree of con¬ 
fidence in the simulated climate change scenario 
presented here. The magnitude of projected surface 
warming in the decade 2040s over the study region 
is close to 1.0°C. A decrease of about 0.5 mm day 
in summer monsoon rainfall is simulated by the model 
in numerical experiment with combined greenhouse 
gas and aerosol forcings. 

It would be interesting to confirm on these findings 
in other model simulations as and when the required 
data are made available. A better understanding on the 
aerosol forcings, increased supercomputing power to 
perform numerical experiments at finer resolution and 
improved knowledge of some of the physical processes, 
which are currently only approximated in parametrization 
schemes, in coupled atmosphere-ocean climate models 
are required to provide a more confident regional climate 
change scenario. 
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Surinamite (Be, B, Ga) from 
cordierite gneisses of eastern ghat 
mobile belt, India 

P. V. Ramesh Kumar, K. K. V. S. Raju and 
B, S. Ganga Rao* 

Department of Geology, Andhra University, Visakhapatnam 530 (X)3, 
India 

*Birla Periclase, Visakhapatnam 530 003, India 

Surinamite rich in beryllium, boron and gallium is 
a monpclinic mineral under group Vl^la with a = 
9.648 A, Z; = 11.337 A, c= 4.981 A, F= 515.13 A^ and 
Z = 4. Chemical analysis yields the idealized formula 
as (Mg, Fe, Mn, Be, Ga )3 72 (Al, The 

strongest diffractions in the powder pattern are: (d A, 
/, hkl) ~ 3.7892 (46)J211), 2.6763 (61) (330), 2.436 (100) 
(041), 2.186 (40) (421), 2.0411 (79) (232), 1.993(90) 
(032), 1.8195 (65) (350). Surinamite occurs as an indi¬ 
vidual greenish blue crystal with characteristic 
purplish violet pleochroism and has a density of 3.24 
g/cc (measured) and 3.27(x) (calculated). It is biaxial 
negative, 2Vo, = 68-70°; the refractive indices are a = 
1.735, p = 1.739, y= 1.744; birefringence is moderate 
to high; b = Y; Z = greenish blue, Y = purplish blue 
and X = brownish violet to yellow. Surinamite (Be, 
B, Ga) is associated with cordierite, sillimanite, sap- 
phirine, spinel, monazite and quartz. Chemistry indi¬ 
cates couple substitutions as Be and Ga for Mg, Fe, 
Mn and Al, B for Al, and Al, B for 2 Si. Metamorphic 
origin has been attributed to this new mineral and 
such an existence is being reported for the first time 
from India. 

During an investigation of sapphirine-associated minerals 
from cordierite gneisses at various places (locations 
given in Table 1), we noted some bright greenish blue' 
platy elongated crystals associated with cordierite from 
eastern ghat mobile belt (EGMB) of Vijayanagaram 
District, India. About 30 grains of 40 \xm size were 


Table 1. Chemical analysis, structural formulae of surinamite 
(Be, B, Ga) 


VN^ GR2 av-^ kk-^ PP-'^ PC^ SN^ 

201 222 235 246 259 263 275 


Si02 31.89 

TiOj 0.02 

AI263 33.13 

0.01 

FeO 9.43 

MnO 0.07 

MgO 16.12 

ZnO 0.03 

BeO 4.29 

B2O3 2.56 

CaO 0.05 

Na^O 0.01 

K.O 0.01 

Ga203 0.22 

Total 97.93 

Structural 
Si 
Ti 
Al 
Cr 
B 
Fe 
Mn 
Mg 
Zn 
Be 
Ga 
Ca 
Na 
K 


32.14 32.04 

0.03 0.02 

33.36 33.16 

0.01 0.01 

9.83 9.75 

0.08 0.07 

16.54 16.54 

0.03 0.03 

4.56 4.49 

2.86 2.54 

0.05 0.02 

0.01 0.05 

0.11 0.12 

0.25 0.27 

99.86 99.11 


33.15 

32.00 

0.02 

0.03 

33.94 

33.24 

0.01 

0.01 

8.45 

9.34 

0.08 

0.07 

16.25 

16.34 

0.03 

0.03 

4.23 

4.32 

3.17 

2.35 

0.03 

0.04 

0.04 

0.02 

0.14 

0.13 

0.20 

0.27 

99.74 

98.19 

15(0) 

2.82 

2.79 

0.001 

0.002 

3.40 

3.42 

0.001 

0.001 

0.46 

0.53 

0.60 

0.68 

0.006 

0.005 

2.06 

2.12 

0.002 

0.002 

0.86 

0.91 

0.01 

0.01 

0.002 

0.004 

0.006 

0.005 

0.01 

0.01 


32.34 

31.94 

0.02 

0.02 

33.54 

33.33 

0.01 

0.01 

9.15 

9.54 

0.06 

0.06 

16.72 

16.64 

0.03 

0.03 

4.61 

4.82 

2.75 

2.01 

0.04 

0.07 

0.03 

0.02 

0.12 

0.17 

0.23 

0.25 

99.65 

98.91 


2.78 

2.77 

0.001 

0.001 

3.38 

3.41 

0.001 

0.001 

0.40 

0.30 

0.65 

0.69 

0.004 

0.004 

2.13 

2.15 

0.002 

0.002 

0.94 

1.00 

0.01 

0.01 

0.004 

0.006 

0.005 

0.003 

0.01 

0.01 


formulae 

on the 

basis < 

2.79 

2.76 

2.77 

0.001 

0.002 

0.001 

3.41 

3.37 

3.38 

0.001 

0.001 

0.001 

0.39 

0.42 

0.37 

0.69 

0.71 

0.71 

0.005 

0.006 

0.005 

2.09 

2.11 

2.13 

0.002 

0.002 

0.002 

0.90 

0.94 

0.93 

0.01 

0.01 

0.01 

0.005 

0.005 

0.002 

0.001 

0.001 

0.008 

0.01 

0.01 

0.01 


^Venugopalapuram 

‘Gajularega 

^Ayyanna Agraharam 

"‘Kothuru 

^Panukupeta 

^Padmapuram 

^Sangam 


(lat. 18“ 09'30^'N, long. 83“ 26'40" E) 
(lat. 18“ 07'47" N, long. 83“ 24'00" E) 
(lat. 18“ 10'44" N, long. 83“ 22'43" E) 
(lat. 17“ 56'27" N, long. 83“ 13'15" E) 
(lat. 18“ 38'12" N, long. 83“ 23'00" E) 
(lat. 18“ 29'00" N, long. 83“ 05'35" E) 
(lat. 18“ 36'12" N, long. 83“ 38'50" E) 
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separated from cordierite gneiss using Frantz isodynamic 
separator and finally handpicked using a binocular micro¬ 
scope; the grains were assumed as 99.99% pure. Later 
subjected to Philips X-ray diffractometer (XRD), the 
powder pattern resembled that of surinamite as described 
by de Roever et aL\ suggesting that the mineral was 
similar to surinamite sensustricto (JCPDS 29-702). 

The mineral was found in cordierite gneisses from 
different localities along with cordierite, sillimanite, green 
spinel and sapphirine. Accessories comprised ilmenite- 
magnetite as opaque minerals, monazite and quartz. The 
sillimanite was present in two generations: (1) rather 
large platycrystals and (2) small fibrous crystals in 
aggregates together with the mineral surinamite. 
Surinamite, in small crystals up to 0.4 mm in size, was 
found in aggregate together with cordierite and silli¬ 
manite. Intergrowths were found between sillimanite and 
surinamite. About 30-40 grains of surinamite were 
observed in thin sections of the samples GR 222 and 
SN 275. 

The crystal habit was found to be platy parallel to 
(010) with one set of well-developed cleavage perpen¬ 
dicular to (010). Optically, surinamite is biaxial negative 
with 2V^ = 68-70“ for light 486 |im; refractive indices 
are: y= 1.744, (3 = 1.739 and a = 1.735. The birefringence 
is moderate to high. The optical plane is always parallel 
to (010). The mineral is monoclinic with an optic- 
orientation of /? = X The pleochroic colours of the 


mineral in almost all the samples are well pronounced 
as Z= greenish blue, F= purplish blue expressing 
dominant purplish glow and X = brownish violet glow 
to yellow (Figure 1). This is the only mineral expressing 
glowing brownish violet colour during determination of 
pleochroism, in contrast to the less pronounced versions 
of bluish green colours in sapphirine. Hence, the mineral 
is distinct in its optical characteristics. This variety of 
the surinamite is reported for the first time from eastern 
ghat granulite belts of India. The specific gravity was 
determined to be 3.24 g/cc using the pycnometer tech¬ 
nique. The calculated specific gravity from the X-ray 
data is 3.27(x). 

X-ray powder patterns were taken on a Philips X-ray 
diffraction system PW 1730/PW 1390 with generator 
setting at 35 kV, 20 mA (Cu-ka radiation having a 
wavelength of 1.54184 A; scan speed fixed at 0.04“ 20/s; 
20 range from 10“ to 100“) are presented in Table 2. 
The X-ray pattern (Figure 2) shows the surinamite to 
be monoclinic with a possible space group The 

refined cell parameters^ were determined to be = 
9.648 A, 11.337 A, c, = 4.981 A, [3= 109“ 11' and 
V= 515.13 A^ with 2 = 4. The strongest lines are almost 
all similar to those of surinamite described by de Roever 
et al}, except that a few high-angle reflections are less 
sharp in the pattern for the sample. A few weak reflec¬ 
tions are also present in the XRD patterns. Some of 
the reflections may also belong to the surinamite of the 
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Figure 1. Photomicrograph showing surinamite (Sm) in brownish violet colour to its natural size of 
40 |xm enclosed within the cordierite (Crd) associated monazite (Mz) crystals with pleochroic haloes 
along with sillimanite (Sil) (under plane-polarized light 40 x). 
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present study area and could have been obscured in the 
film of de Roever et al} by fluoroscence of Fe excited 
by Cu radiation. 

The crystal structure of surinamite^ is represented as a 
polyhedral diagram projected down Z between 0<Z<I 


Table 2. X-ray diffraction data of surinamite (Be, B, Ga) 


d (A) 

III, 

hkl 

Crystallographic constants 

7.081 

10 

110 

System: monoclinic 

4.34 

24 

on 


3.805 

15 

2 T 1 

Space group: P2/a 

3.7892 

46 

21.1 

a, = 9.468 A 

3.090 

20 

121 

b, = 11.337 A 

2.9123 

21 

230 

c, = 4.981 A 

2.747 

25 

231 

Z = 4 

2.6763 

61 

330 

= 3.27 

2.6417 

53 

131 


2.436 

100 

041 

Optically negative 

2.374 

30 

330 

P = 109“ 11' 

2.186 

40 

421 

V = 515.13A3 

2.0411 

79 

232 

= 1.744 

1.993 

90 

032 

2V^ = 68-70*’ 

1.9935 

75 

132 


1.9622 

26 

412 


1.926 

10 

331 


1.855 

18 

202 


1.8195 

65 

350 


1.722 

18 

512 


1.423 

16 

080 


1.413 

18 

^32 


1.391 

15 

641 


1.3445 

20 

272 


1.318 

25 

352 


1.284 

12 

— 


1.2256 

19 

— 


1.222 

18 

— 



in Figure 3, based on cubic close-packing of the oxide 
anions having layers stacked parallel to (001). With 
essentially Be, B and Ga the cell contents are M 24 T 2 QOg 4 , 
where M = octahedrally coordinated and T = tetrahedrally 
coordinated cations by oxygen anions. The atomic 
occupancy positions for surinamite are given in Table 
3. Assuming fully occupied sites, the surinamite cell can 
have composition where = 3.893 Al + 2.893 

Mg + 0.932 Fe +0.007 Mn+1.261 Be+ 0.04 Ga and 1^ = 
3.707 Si + 0.746 Al + 0.547 B is obtained by the addi¬ 
tivity rule. The site occupancies of Be and Ga at 
octahedral positions and B in tetrahedral positions 
clearly show that no vacancy exists and the structure 
is fully occupied maintaining the mineral stoi¬ 
chiometry. 

Optically pure separated mineral grains of surinamite 
were chemically analysed using inductively coupled plasma- 
mass spectrometer (ICP-MS) (plasmaquad (VG Elemen¬ 
tal, Winsford, UK) controlled by an IBM PC-XT com¬ 
puter and associated software) using acceleration 
potential of RF-1300 W. The carbon-coated samples were 
checked with the aid of a wavelength-dispersive 
spectrometer X-ray counting system (WDS XRCS) 
attached to a scanning electron microscope (SEM) (JEOL 
JSM-T 330 A) using acceleration potentials of 20 kV. 
Be, B and Ga were determined from the same sample 
powders using Perkin Elmer 2380 atomic absorption 
spectrophotometer (AAS) with acetylene and nitrous 
oxide as burning fuels. International standards (FeR 2 “ 
FeR^ (G.S. Canada); GIT-IWG of France and G 2 of 
USGS) were used for analysis with ICP-MS, WDS/SEM 
and AAS. The results of the complete chemical analysis 
are presented in Table 1. The average chemical formula 
calculated on the bases of 15 oxygen atoms is 

(Mg, Fe, Mn, Be, Ga )3 219 (Al, B )3 gj Si 20^5 with Z = 4. 


Table 3. Surinamite (Be, B, Ga); atomic occupancy positions 


Atom Occupancy 


M(l) 

0.517 

+ 0.423 


+ 

0.0012 

Mn^* 

+ 

0.0025 

Ga^* 

+ 

0.563 Be^* 

M(2) 

0.692 AP* 

+ 0.151 

Fe^'* 

+ 

0.0012 

Mn^* 

+ 

0.0021 

Ga^* 

+ 

0.1537 

Be^* 

M(3) 

0.768 Al^* 

+ 0.055 

Fe^* 

+ 

0.0011 

Mn-* 

+ 

0.0021 

Ga^^ 

+ 

0.1738 

Be^* 

M(4) 

0.811 AP 

+ 0.189 











M(5) 

0.841 

+ 0.045 

Fe^* 

+ 

0.0012 

Mn^* 

+ 

0.0024 

Ga^* 

+ 

0.1104 

Be^* 

M(6) 

0.811 AP 

+ 0.189 











M(7) 

0.701 Mg^* 

+ 0.207 

Fe^-* 

+ 

0.0012 

Mn^* 

+ 

0.0024 

Ga^"^ 

+ 

0.0884 

Be^* 

M(8) 

0.834 Mg^-' 

+ 0.051 

Fe^-' 

+ 

0.0011 

Mn^* 

+ 

0.0025 

Ga^* 

+ 

0.1114 

Be^* 

M(9) 

0.811 AP 

+ 0.189 

Be^* 










T(l) 

0.155 AP 

+ 0.707 

SP 

+ 

0.138 B^ 







T(2) 

1.000 SP 












T(3) 

1.000 SP 












T(4) 

1.000 SP 












T(5) 

0.591 Al^* 

+ 0.409 











0(1)-016 

Oxygen atoms 
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Figure 2. Abridged form of the X-ray diffractogram of surinamite. 


The amount brings the analytical totals of the study 
area samples in the 97.93-99.86% range and the results 
show reasonable stoichiometry. Clearly, there is a series 
of cations extending between Mg-Fe-Mn-Be-Ga mem¬ 
ber and Al-B member of the surinamite. Because Mg, 
Fe and Mn ions are larger than Be and Ga, and similarly 
A1 and B in the type material. Substitution of a trivalent 
or bivalent cation for a similar charged cation does not 
require much compensating mechanism. Exchange opera¬ 
tions, if needing coupled substitutions, are technically 
feasible because the charge compensations can occur in 
the VIII, VI and IV coordinations for elements like Mg, 
Fe, Mn, A1 which with higher dimensions can easily 
accommodate Be (0.27 A) and Ga (0.62 A) in their 
respective vacant sites. Charge compensations in the 
tetrahedral aluminium site could have occurred via the 
exchange operation with B (0.11 A). An ionic substitution 
have both-ways direction (AlSi ^ SiAl) up to a mag¬ 
nitude to balance the charges and it is logical to treat 
exchange operators as vectors. In terms of the magnitude, 

766 


not only can the extent of AlSi four-coordination sub¬ 
stitution vary, but it can also be applied to the operation 
once to change B in the place of substituted A1 and 
Si. Hence, coupled substitutions'^ might have occurred 
conveniently and compactly as exchange operators, main¬ 
taining charge quantities of the elements replaced without 
disturbing the compact structure of surinamite, and were 
roughly coeval. Embayed cordierite-associated surinamite 
and fibrous sillimanite with quartz grain inclusions clearly 
suggest that breakdown reaction might have occurred 
at very high pressures during the isobaric cooling of 
the cordierite gneisses in the area. The reaction may 
be given as^ 

3 cordierite—> 2 surinamite+ 2 sillimanite+7 quartz, 
3(Mg Fe Mn)^ AI 3 (Si 3 Al) 0,^ -> 2(Mg Fe Mn )3 (A1 Fe)^ 
Sis Oj3 + 2 Al., SiO^ + 7 SiO., . 

Some of the chrysoberyl-bearing pegmatites (peg¬ 
matite: a plutonic rock of granitic affinity) are the 
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Figure 3. Polyhedral diagram of the surinamite structure. Octahedra 
in the walls are unshaded except M(9) and the tetrahedra are stippled. 
The M(9) octahedra between the walls reside above the ruled margin 
(redrawn after Moore and Araki^). 

possible source of Be in surinamite at this locality, 
whereas B and Ga are derived from the original metasedi¬ 
ments represented as sillimanite gneisses^ associated with 
the khondalites and cordierite gneisses of the study area. 
Beryllium-, boron- and gallium-bearing surinamite 
mineralization associated with the cordierite gneisses in 
a granulite facies terrain may reveal previously unknown 
geochemical features of the khondalite suite of rocks 
in the EGMB. 
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Evidence of garnet to spinel 
peridotite transition in the 
harzburgites of Indus ophiolite belt: 
An indication of their mantle origin 

N. R. Karmalkar, A. G. Dessai*, R. A. Duraiswami, 
M. Leblanc^ 

Department of Geology, University of Poona, Pune 411 007, India 
^Department of Geology, Goa University, Bambolim, Goa 403 202, 
India 

^CNRS, USTL, 34060, Montpellier, France 

The transition between garnet and spinel peridotites, 
caused by the reaction orthopyroxene + spinel = 
olivine-f-garnet, has been envisaged in the harzbur¬ 
gites of Indus Ophiolite Belt based on petrographic 
and geochemical studies. The reaction has been tested 
in the light of evidence available from phase equi¬ 
librium experiments on such transition. 

The harzburgites represent the lowermost section of 
ultramafic rocks, exposed as tectonically transported 
materials within the rocks of Dras Volcanic Group‘ or 
Sangeluma Group^ The harzburgite is made up of 
olivine + orthopyroxene + spinel, with modal abundance 
of 65 : 32 : 2% and trace amount of clinopyroxene. The 
harzburgites typically show a transitional texture between 
protogranular and porphyroclastic texture^ or por- 
phyroclastic texture"^. Olivines occur both as por- 
phyroclast (Fo 90.58-92.13) and neoblast (Fo 
90.57-91.53). The former varies in grain size from 2 
to 4 mm, while the latter varies from 0.5 to 1.5 mm. 
Majority of the porphyroclasts show development of 
strain shadows and kink bands. Orthopyroxene por¬ 
phyroclasts are larger than olivine and vary in size from 
3 to 6 mm. Both olivine and pyroxene porphyroclasts 
have irregular serrated grain boundaries. The pyroxene 
porphyroclasts are armoured by fine granular aggregates 
of crushed olivine and pyroxene. The porphyroclasts of 
orthopyroxene typically show stretching or elongation 
and are kinked, and often show exsolution lamellae of 
clinopyroxene. Besides the occurrence of clinopyroxene 
as exsolution lamellae, it rarely occurs as minute grains 
within the cluster texture; otherwise they are absent in 
the rock. Because of their fine grain size their individual 
microbe analysis is not possible. The contrast in their 
grain size with the rest of the assemblage and the 
absence of any deformational features in them raises 
some doubt as to whether the clinopyroxene is primary. 
Olivine neoblasts occurring in clusters show a close 
common orientation, indicating polygonization and recrys¬ 
tallization of former larger grains. One of the significant 
observations in the harzburgites is that the spinel occurs 
as fine-grained intergrowths with orthopyroxenes (Figure 
1 ), in a fashion similar to the so-called finger print 
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Figure 1. Photomicrograph of harzburgite showing symplectic intergrowth of aluminous spinel with 
orthopyroxene. 
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Figure 2. Plot of alumina content of coexisting enstatite and spinel 
in ophiolitic peridotites. 1, ‘ophiolitic’ alpine peridotite; 2, central 
Indian ridge; 3, SW Indian ridge; 4, mid-Atlantic ridge; 5, America- 
Antarctic ridge; 6, present investigation. 


spinels^ The proportions of pyroxene and spinel in the 
cluster cannot be determined accurately because of the 
Irregular boundaries of the aggregates. Though olivine 
is a dominant phase in the rock it is mostly lacking in 
the spinel pyroxene graphic intergrowth. The spinel is 


reddish-brown in colour and besides forming a part of 
the symplectite intergrowth also occurs as subhedral to 
euhedral grains interstitial to olivine and orthopyroxene. 
Concentration of spinel into ‘holly leaf texture was 
also observed in one of the samples. Composition of 
orthopyroxenes in clusters is similar to composition of 
independent orthopyroxene grains in the rock, and any 
textural explanation should account for the uniformity. 

Orthppyroxenes are typically rich in MgO (En 89.21 
to 90.32 Fs 7.67 to 9.29 Fm 0.078 to 0.092) content. 
The AI 2 O 3 content of the pyroxene grain ranges from 
2.93 to 4.46 wt%. The Mg/Mg + Fe ratio shows a general 
inverse relationship with the AI 2 O 3 content. The spinels 
are typically rich in AI 2 O 3 content, which varies between 
32.1 and 53.58 wt% (Table 1). An increase in CrPj 
with decrease in AI 2 O 3 was observed form sample no. 
32 to 113A, 113B. In the 100 Cr/(Cr + Al) vs 100 
Mg/(Mg + Fe) diagram^ they occupy the field of spinels 
from ultramafic xenoliths. The Cr and Mg contents 
behave inversely. The spinel analysis shows them all 
to be highly aluminous and magnesian, but appreciable 
amount of chromium and total iron are also present. 
They are probably best regarded as ferroan chrome 
spinel. 

The strong correlation between AI 2 O 3 content' of ortho¬ 
pyroxene and spinel found in Figure 2, cannot be just 
a coincidence but suggests Al partitioning between 
pyroxene and spinel and supports their co-genetic nature. 
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The spinel-orthopyroxene symplectite intergrowth tex¬ 
ture is seen to be a notable feature of Iherzolite/harzbur- 
gite nodules as well as alpine peridotites. This texture 
has been attributed to a variety of origins, viz: 

(i) Primary crystallization from pools of melt con¬ 
centrated during partial fusion^: However, pyrometamor- 
phic textures are absent in the studied samples. Besides, 
the preservation of such original texture seems unlikely 
considering the deformation that the rock has undergone. 

,(ii) Mechanical concentration of spinel and pyroxene 
during deformation'^ This can explain the concentration 
of spinel into ‘holly leaf textures. But it cannot explain 
its strict association only with pyroxene and not with 
olivine. Alumina partitioned between spinel and enstatite 
as indicated by the strong correlation cannot be a mere 
coincidence. 

(iii) Exsolution of spinel and diopside from a former 
aluminous pyroxene^: This requires non-stoichiometric 
conditions for both spinel and pyroxene. Besides, higher 
values of AI 2 O 3 of almost 24 wt% are envisaged for 


the original pyroxenes. The temperature pressure values 
required to equilibrate such pyroxenes are unrealistic. 
The observed high chrome content of the spinel in the 
sample is in contrast to such an origin. 

The absence of plagioclase in the rock under study 
as well as the low calcic nature of the small clinopyroxene 
and the high Cr 203 content of the spinel in the cluster 
texture preclude the possibility of the cluster texture 
being a product of the reaction between forsterite and 
anorthite. Similarly, the reaction forsterite + Al- 
clinopyroxene = spinel + diopside fails to explain the low 
modal abundance of clinopyroxene in the rock (< 1 
vol.%), the strict association of spinel only with or¬ 
thopyroxene (enstatite) and not with diopside, as well 
as the observed strong correlation between Af O 3 of the 
orthopyroxene and that of the spinel. 

The only feasible explanation is their formation by 
the reaction 

pyrope + olivine = orthopyroxene + spinel 
+ clinopyroxene^. 


Table 1. Electron microprobe microanalysis of orthopyroxenes and aluminous spinels 
from harzburgites, Ladakh Himalaya 





Orthopyroxene 

Sample No. 




113A 


113B 


32 



c 

m 

c 

m 

c 

m 

SiO, 

54.66 

55.22 

56.31 

55.78 

54.92 

55.21 

TiOj 

00.03 

— 

00.06 

— 

00.10 

00.02 

A1,0, 

Cr^O^ 

04.09 

03.93 

02.93 

02.73 

04.46 

04.16 

00.90 

00.86 

00.66 

00.74 

00.40 

00.55 

FeO 

05.30 

05.35 

05.04 

05.91 

06.10 

06.05 

MgO 

33.64 

33.80 

34.40 

35.53 

33.98 

34.13 

CaO 

01.10 

01.05 

00.76 

00.40 

00.80 

00.47 

Na20 

— 

00.02 

00.01 

00.02 

00.02 

00.01 

K,0 

— 

— 

00.02 

— 

— 

— 

MnO 

00.07 

00.12 

00.13 

00.14 

00.20 

00.12 

Total 

99.79 

100.36 

99.32 

101.25 

100.97 

100.72 

Wo 

02.12 

02.01 

01.45 

00.74 

01.50 

00.88 

En 

89.84 

89.83 

90.82 

90.60 

89.21 

89.98 

Fs 

08.04 

08.16 

07.67 

08.66 

09-29 

09.13 

Fm 

00.0821 

00.0833 

00.0778 

00.0872 

00.0922 

00.092 

t 

t = 0.5 (Al + Cr 

00.0953 

-Na) 

00.0911 

00.0675 00.0964 

Aluminous spinels 

00.0964 

00.1049 

Ti02 

— 

00.03 

00.06 

00.06 

00.60 

00.60 

ALO, 

44.17 

41.71 

32.14 

34.53 

53.58 

53.54 

Fe,0, 

01.34 

00.46 

00.80 

01.59 

— 

— 

Feb’ 

13.36 

12.54 

13.44 

13.75 

10.23 

10.62 

^r.,0^ 

24.35 

28.15 

37.66 

35.06 

16.75 

16.21 

MgO 

16.56 

16.87 

15.19 

15.56 

20.05 

19.68 

MnO 

00.18 

00.13 

00.23 

00.15 

00.06 

00.10 

ZnO 

00.23 

00.23 

00.19 

00.07 

— 

— 

Total 

100.19 

100.12 

99.71 

100.77 

101.27 

100.75 
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This appears to be attendant upon a fall in pressure 
from garnet peridotite facies to spinel peridotite facies 
conditions and is consistent with the experimental 
results^’^. The presence of clinopyroxene is additional 
to the phases in the reaction 

pyrope + forsterite = enstatite + spinel 

originally proposeddue to the addition of CaO to the 
system^ ^ 

For garnet to react and yield pyroxene with the 
observed value of t = 0.06 the product should have 0.306 
molar fraction of spineF, which is in good agreement 
with the measured results (0.30) in the present case. 
Higher values of t in some samples correspond to a 
lower modal abundance of spinel in the samples, and 
larger percentage of independent orthopyroxenes in the 
rock account for a low modal abundance of spinel. 
Besides, there is an absence of olivine and garnet in 
the cluster, indicating the complete reaction of garnet 
and olivine and conversion of original garnet peridotite 
assemblage to spinel peridotite. The postulated original 
garnet may be slightly rich in chrome content, similar 
in composition to the ‘chrome pyrope’ (> 4 wt% Cr 203 
and higher CaO) variety found in the garnet peridotite 
xenoliths of Montana diatreams^^. This will also account 
for the Cr-rich nature of the spinel and also the small 
amount of the low calcic clinopyroxene present in the 
symplectite cluster. The orthopyroxene analyses includes 
the exsolution lamellaes of clinopyroxene; even then 
the CaO content in these orthopyroxenes rarely exceeds 
1 wt%, which in itself is a proof to consider the low 
calcic nature of the minute clinopyroxenes in the 
symplectite. More direct evidences for the olivine-garnet 
reaction are many^^“^^. 

The transition from garnet to spinel peridotite as 
exhibited by the texture may occur during heating or 
decrease in pressure^^. Occurrence of pyroxene exsolution 
lamellae in the rock indicates extensive cooling and so 
a pressure-induced reaction is more likely^. Certainly, 
such an diapiric movement of the mantle would be in 
keeping with the evidence of deformation-induced recrys¬ 
tallization textures observed in the sample. It has been 
shown that the reaction enstatite + spinel = forsterite + 
pyrope takes place in the pressure range 15-35 kbar at 
temperatures from 800 to 1600'C (ref. 10). A series of 
experiments on ‘pyrolite’ compositions define the 
stability fields of spinel peridotite and garnet peridotite 
and the reaction occurs at around 20 kbar in the tempera¬ 
ture range 900-1300“C (ref. 16). The boundary is sen¬ 
sitive to the amount of R 2 O 3 (AI 2 O 3 , Cr 203 ) (ref. 17). 
Single pyroxene geothermometrygives a temperature 


range of 1050-1100°C. The pressure values obtained 
from the AI 2 O 3 isopleths and other parameters'^ range 
between 15 and 25 kbar, which agree well with the 
experimental values^^’^^ Thus, the garnet-olivine reaction 
model fits the rock better than any other alternative 
hypothesis. The reaction described here is reasonably 
interpreted as an adjustment of the primary high-pressure 
assemblage to a lower-pressure environment. A decrease 
in the confining pressure from 50 to below 20 kbar 
would move the garnet out of its stability field*"^. 
Garnet peridotite would be subject to pressure decrease 
during tectonic uplift or mantle up welling; this may 
have been responsible for the formation of such symplec¬ 
tite texture. The cluster texture may, therefore, be an 
indicator of mantle convection. Occurrence of spinel- 
pyroxene symplectite intergrowth in the alpine peridotite 
or ultramafic xenolith can be taken as an evidence of 
garnet to spinel peridotite transition in the mantle. 
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Bilateral outgrowths on thorax of 
sepia eye colour mutants in 
Drosophila bipectinata 

B. N. Singh, Seema Sisodia and Rakhee Banerjee 

Department of Zoology, Banaras Hindu University, Varanasi 221 CX)5, 
India 

Flies with bilateral outgrowths on thorax were 
detected in sepia eye mutant stock of Drosophila 
bipectinata, A separate stock of sepia mutants with 
outgrowths on thorax could be established. Expression 
of this phenotypic change is better in females than 
in males and there is individual variation in both 
sexes. In order to understand the mode of inheritance 
of these outgrowths on the thorax of sepia mutants, 
four different crosses involving mutants and wild 
type flies were made. The proportion of flies with 
outgrowths on thorax varies in Fj and F 2 generations 
of different crosses. Such outgrowths on the thorax 
have not been reported earlier in any species of 
Drosophila and appear to be a unique phenotypic 
change in D. bipectinata caused due to mutation but 
its exact nature could not be understood from the 
results of these crosses. 

D, BIPECTINATA is a member of the bipectinata species 
complex of the ananassae subgroup of the melanogaster 
species group. This species is of common occurrence 
in India. Studies on population and behaviour genetics 
of this species have been initiated by Indian workers’"^. 
We detected sepia eye colour mutation (autosomal reces- 



Figure 1. Photograph showing sepia eye mutant of D. bipectinata 
with bilateral outgrowths on thorax. 


Table 1. Results of crosses involving sepia eye colour mutants with/ 
without outgrowths on thorax and wild type Drosophila bipectinata 


1 . sepia eye colour ^ 

X 

sepia eye colour 

normal thorax 

F, 


thorax with outgrowths 

sepia eye colour 


sepia eye colour 

normal thorax 


thorax with outgrowths 

^ Total 


5 ^ Total 

140 159 299 

F2 


94 99 193 

sepia eye colour 


sepia eye colour 

normal thorax 


thorax with outgrowths 

^ Total 


$ (5» Total 

38 50 88 


74 60 134 

2 . sepia eye colour ^ 

X 

sepia eye colour 

thorax with outgrowths 
■ F, 


normal thorax 

sepia eye colour 


sepia eye colour 

thorax with outgrowths 


normal thorax 

^ ^ Total 


^ ^ Total 

106 53 159 

Fa 


80 72 152 

sepia eye colour 


sepia eye colour 

thorax with outgrowths 


normal thorax 

^ ^ Total 


^ (jT Total 

98 86 184 


98 124 222 

3. Red eye colour ^ 

X 

sepia eye colour 

normal thorax 

p 


thorax with outgrowths 

Red eye colour 


Red eye colour 

normal thorax 


thorax with outgrowths 

5 ^ Total 


^ ^ Total 

157 204 361 

Fa 


0 0 0 

Red eye colour 


Red eye colour 

normal thorax 


thorax with outgrowths 

^ ^ Total 


J ^ Total 

91 71 162 


8 11 19 

sepia eye colour 


sepia eye colour 

normal thorax 


thorax with outgrowths 

^ ^ Total 


^ ^ Total 

10 16 26 


18 21 39 

4 sepia eye colour ^ 

X 

Red eye colour (J 

thorax with outgrowths 

F. 


normal thorax 

Red eye colour 


Red eye colour 

normal thorax 


thorax with outgrowths 

^ ^ Total 


^ ^ Total 

218 187 405 

E, 


7 0 7 

Red eye colour 


Red eye colour 

normal thorax 


thorax with outgrowths 

^ ^ Total 


^ ^ Total 

157 143 300 


28 15 43 

sepia eye colour 


sepia eye colour 

normal thorax 


thorax with outgrowths 

^ ^ Total 


5 ^ Total 

19 32 51 


28 10 38 
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sive) in a wild stock of D. bipectinata}^ which diminishes 
sexual activity of males*. In sepia mutant stock, 17 
females and 10 males showing two outgrowths on dorsal 
side of thorax were found. Figure I shows the photograph 
of a sepia mutant with two outgrowths on the dorsal 
side of the thorax, A separate line of sepia mutants 
showing outgrowths on thorax could be established. It 
has been observed that there is individual variation in 
both sexes in expression of this character and generally 
outgrowths are larger in females than in males. In the 
stock of mutants showing outgrowths, a few flies are 
regularly found which do not possess outgrowths on 
their thorax. In the sepia mutant stock also, a few flies 
with outgrowths are regularly found. 

To understand the mode of inheritance of this unique 
phenotypic change, four different crosses were made. 
All the crosses were made in food bottles by using 
wild type, sepia mutants with and without outgrowths 
on thorax (normal thorax). In each cross, a large number 
of Fj flies were observed to score the number of flies 
with/without outgrowths on thorax. A random sample 
of 50 flies (females and males in equal number) from 
Fj were transferred to a fresh food bottle to obtain the 
F 2 generation of each cross. F 2 flies were observed to 
score the different types of flies. Results of all four 
crosses are presented in Table 1. In reciprocal crosses 
(1 and 2) between sepia mutants with normal thorax 
and with outgrowths, both types of flies were found in 
Fj and F 2 generations and the results of reciprocal 
crosses are more or less similar. The frequency of sepia 
mutants with outgrowths on thorax varies from 40 to 60% 
in Fj and F 2 of these crosses. However, the results of 
reciprocal crosses between sepia mutants with outgrowths 
and wild type (red eye and normal thorax) flies are 
different from those of the crosses involving sepia 
mutants with normal thorax and with outgrowths on 
thorax. When wild type females were crossed with sepia 
mutant males with outgrowths, flies with outgrowths on 
thorax were absent in Fj. In the F 2 generation of this 
cross, red-eyed flies with outgrowths and without out¬ 
growths as well as sepia mutants with outgrowths and 
without outgrowths were found but the frequency of 
flies with outgrowths was lower (23.58%) as compared 
to the crosses involving sepia mutants. In the opposite 
cross (sepia females with outgrowths x wild type males), 
seven females with very small outgrowths on thorax 
were found in the Fj generation. In the F 2 generation, 
four types of flies were found and the frequency of 
flies with outgrowths on thorax was very low (16.75%). 
Thus the results of different crosses vary and development 
of outgrowths on thorax occurs in both wild type (red 
eye) and sepia mutants of D. bipectinata. 
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A new empirical relation for strong 
seismic ground motion for the 
Himalayan region 

Ashutosh Aman, Umesh K. Singh and Ramesh P. Singh 

Department of Civil Engineering, Indian Institute of Technology, 
Kanpur 208 016, India 

Strong ground motion data from five earthquakes 
that occurred along the Himalayan range have been 
taken to study the attenuation characteristics of 
horizontal peak acceleration and velocity. Using these 
data, we have found empirical relations for horizontal 
acceleration and velocity. These empirical relations 
for peak horizontal ground acceleration and velocity 
give good fit with the observed strong ground motion 
in the Uttarkashi earthquake of 20 October 1991. 
The attenuation relations found in the present study 
will be useful in estimating the peak horizontal ground 
acceleration and velocity of future earthquakes and 
will also be useful in designing earthquake-resistant 
structures in the Himalayan region. 

EARTHQUAKE-resistant design of structures require estimate 
of the expected ground motions at the earthquake-prone 
sites. In order to develop ability to reasonably assess 
the expected ground motion due to future earthquake, 
it is essential to study the characteristics of strong 
ground motion recorded in the past earthquakes. Predic¬ 
tion of peak ground acceleration and velocity is useful 
to obtain an estimate of the outer envelope of the 
ground motion spectrum*. Peak ground motions are 
important in earthquake safety analysis and in the evalua- 
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Table 1. Earthquakes considered in the present work 


Earthquake 

Date of occurrence 

Magnitude (M^) 

Dharamsala 

26 April 1986 

5.7 

Meghalaya 

10 September 1986 

5.7 

Burma-India 

14 May 1987 

5.7 

Tripura-Assam 

6 February 1988 

5.8 

Gauhati 

6 August 1988 

7.2 



Figure la. Observed peak horizontal acceleration (PHA) and its 
raised power (PHA^^^). 



Figure 1 h. Observed peak horizontal velocity (PHV) and its raised 
power (PHV^^^). 

tion of earthquake design parameters. In order to predict 
peak ground motion data, the knowledge of attenuation 
relations of strong seismic ground motion of different 
regions is important. Such relations have been developed 
for USA^"^, Canada'”, Japan^^ and Europe^^’^^. Such data 
are useful to seismologists and earthquake engineers to 
characterize strong ground motion and to prepare new 
regional seismic zoning map of different regions. In the 
past, most of the workers have widely used the following 
empirical relations given by Kanai^"^ 

iogjo(AGM) = logjo/?, 

CURRENT SCIENCE, VOL. 69, NO. 9,10 NOVEMBER 1995 


where AGM refers to the amplitude of ground motion 
parameter (acceleration or velocity) under consideration, 
M is earthquake magnitude, R is epicentral distance, 
and ^j, and b^ are coefficients which are dependent 
on numerous parameters, including geology of the region. 

The strong ground motion data for Indian region were 
almost nonexistent before 1986 and therefore no estimate 
for either ground motion parameters or these three 
coefficients was made for Indian region. After 1986, 
however, a number of strong motion records are available 
from earthquakes in the Himalayan region. In the present 
work, strong ground motion data^^ from five earthquakes 
recorded along the Himalayan region during the period 
1986-91 have been examined. The details of these 
earthquakes are given in Table 1. The strong ground 
motion data have been used to determine empirical 
relation to predict peak horizontal acceleration and 
velocity for future earthquakes along the Himalayan 
region. Figure 1 a and b shows peak horizontal accelera¬ 
tion and velocity respectively, from five earthquakes 
that occurred along the Himalayan region (Table 1). 
The observed peak horizontal acceleration and velocity 
have been raised to power 1/M, where M is the magnitude 
of the earthquake (Figure 1). Figure 1 a and b shows 
variations of and with epicentral distance, /?, 
which shows almost a linear trend. From these data, 
we have found the following empirical relations which 
fit well with the observed peak horizontal acceleration 
(a) and velocity (v): 

log(a''^) = 0.433 -0.073 log(R) ± 0.037P, (1) 

log(v''^) = 0.351 -0.053 log(R) ± 0.036P, (2) 

where P = 0 for 50th percentile and P = 1 for 84th 
percentile, and ± sign shows the upper and lower limits 
of the peak horizontal acceleration and velocity. 

Variation of peak horizontal acceleration and velocity 
in Figures 2(2—^ and ?> a-e is shown respectively, with 
epicentral distance R for all the five earthquakes that 
occurred along the Himalayan region. It is clear from 
these figures that the peak horizontal acceleration and 
velocity decrease with epicentral distances at different 
rates for different earthquakes. The amplitude of the 
observed peak horizontal acceleration and velocity shows 
variation with the epicentral distance. These variations 
are due to the difference in the magnitude of the 
individual earthquakes. The qualitative nature of the 
variation with the epicentral distance in all these 
earthquakes is almost similar. The data are very much 
scattered. The error bars show the 84th percentile values 
of the peak horizontal acceleration and velocity given 
for individual earthquakes (Figures 2 a-~e and 3 a-e). 

Using equations (1) and (2), we have computed peak 
horizontal acceleration and velocity for each individual 
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UTTERKASHI EARTOUAKE 



100 

EPICENTRAL DISTANCE, KM 


Figure Acu Observed peak acceleration in the Uttarkashi earthquake 
of 20 October 1991, the solid line shows theoretical predicted peak 
horizontal acceleration. 



UTTERKASHl EARTQUAKE 



100 

EPICENTRAL DISTANCE, KM 


Figure Ab. Observed peak velocity in the Uttarkashi earthquake of 
20 October 1991, the solid line shows theoretical predicted peak 
horizontal velocity. 


Figure Sa and b. Predicted peak horizontal acceleration (a) and 
velocity {h) for earthquakes having various magnitudes. 

earthquake which is depicted by the solid line in Figures 
2 a-e and 3 a-e. It is evident that our empirical relations 
can explain the observed data quite nicely. 

The validation of the above empirical relations has 
been carried out with the observed strong ground motion 
data^^ in the Uttarkashi earthquake of 20 October 1991 
(magnitude 6.1). The observed peak horizontal accelera¬ 
tion and velocity of the Uttarkashi earthquake with 
epicentral distances are shown respectively in Figure A a 
and b. The solid curve is the predicted acceleration and 
velocity which is found to be in agreement with the 
observed strong ground motion. 

Following the attenuation relations developed in the 
present work, we have evaluated the expected peak 
horizontal acceleration and velocity for earthquakes of 
varying magnitudes (M= 5, 6, 7 and 8) in the Himalayan 
region (Figure 5 a and b). It has been found that the 
maximum peak horizontal acceleration of about 1.12 g 
(Figure 5 a) may be observed in the vicinity of 5 km 
from the epicentre, which ca^n produce peak horizontal 
velocity of about 320 mm/s (Figure 5 b) in any future 
earthquake in the Himalayan region. 

In conclusion, we have found new empirical relation 
for peak horizontal acceleration and velocity. These 
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attenuation relations will be extremely useful in estimat¬ 
ing strong ground motion parameters for future 
earthquakes in the Himalayan region. The present rela¬ 
tions show the estimate of peak horizontal acceleration 
and velocity up to 1000 km from the epicentre of the 
earthquakes. Such relations are also needed for other 
major geological regions of India, e.g. Indo-gangetic 
basin and Peninsular regions, which can only be 
developed after having huge data base of the strong 
ground motion data from future earthquakes in these 
regions. Such relations will provide a useful guideline 
to the professional engineers while planning for major 
structures in the Himalayan region. 


1. Newmark, N. M. and Hall, W. J., Proceedings of the Fourth World 
Conference on Earthquake Engineering, 1969, vol. 2, pp. 37-50. 

2. Orphal, D. L. and Lahoud, J. A., Bull SeismoL Soc. Am., 1974, 
64, 1563-1574. 

3. Trifunac, M. D. and Lee, V. W., Soil Dyn. Earthq. Engg., 1992, 
11 , 101 - 110 . 

4. Anderson, J. G., Bull. Seismol. Soc. Am., 1978, 68, 1147-1179. 

5. Boore, D. M., Bull. Seismol. Soc. Am., 1983, 73, 1865-1894. 

6 . Campbell, K: W., Bull. Seismol. Soc. Am., 1981, 71, 2039-2070. 

7. Campbell, K. W., Bull. Seismol. Soc. Am., 1989, 79, 1311-1346. 

8 . Joyner, W. B. and Boore, D. M., Bull. Seismol. Soc. Am., 1981, 
71, 2011-2038. 

9. Joyner, W. B. and Boore, D. M., Geotech. News, 1991, 9, 21-26. 

10. Hasegawa, H. S., Basham, P. W. and Berry, M. J., Bull. Seismol. 
Soc. Am., 1981, 71, 1943-1962. 

11. Fukushima, Y. and Tanaka, T., Bull. Seismol. Soc. Am., 1990, 80, 
751-n3. 

12. Murphy, J. R. and O’Brien, L. J., Bull. Seismol. Soc. Am., 1977, 
67, 877-915. 

13. Ambraseys, N. N. and Bommer, J. J., Earthq. Eng. Struct. Dyn., 
1991, 20, 1179-1202. 

14. Kanai, K., Bull. Earthquake Res. Inst., 1961, 39, 85-95. 

15. Chandrasekharan, A. R. and Das, J. D., Indian Soc. Earthq. 
Technol, 1990, 27, 1-66. 

16. Chandrasekharan, A. R. and Das, J. D., Indian Soc. Earthq. 
Technol., 1992, 29, 35-55. 

Received 10 May 1995; revised accepted 7 October 1995 


Involvement of calcium in 
brassinolide and auxin-induced cell 
elongation 

Anitha Naren, T. G. Prasad, V. R. Sashidhar and 
M. Udaya Kumar 

Department of Crop Physiology, University of Agricultural Sciences, 
GKVK, Bangalore 560 065, India 

Coleoptile segments incubated in brassinolide (BR) 
or auxin (lAA) along with calmodulin inhibitor, 
chlorpromazine (CPZ) or calcium chelating agent 
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(EGTA) or calcium surface antagonist, lanthanum 
chloride (La^^Cls) resulted in inhibition of BR and 
lAA-induced elongation growth of coleoptiles. 
Pretreatment of coleoptile segments for 4 h with 
EGTA or La^^Cla also inhibited both BR and lAA- 
induced growth. Coleoptile segments with enriched 
endogenous levels of free calcium showed more elon¬ 
gation in the presence of BR or lAA. However, BR 
and lAA were ineffective in inducing coleoptile growth 
in the presence of calcium inhibitors. Results indicated 
that BR and lAA act through calcium and or cal¬ 
modulin protein in inducing elongation growth in 
coleoptile. 

Brassinosteroid, a novel plant growth-promoting 
steroidal lactone, was first isolated and identified from 
pollen grains of brassica (Brassica napusY. Recently, 
the presence of this new class of plant hormones has 
been shown in a number of plant species. It has also 
been shown to be involved in growth responses in many 
test systems""^, especially inducing cell elongation and 
cell division^’^'^. In addition to acting independently, it 
is found to act synergistically with other growth hormones 
found in plants^*^’^. One such interaction widely reported 
is that between BR and auxin in inducing cell elonga- 
tion3.84()^ Auxin-induced cell elongation has been shown 
earlier to be mediated through the release of Ca^"*" from 
membrane vesicles, which on complexing with the cal¬ 
cium-modulated protein, calmodulin, results in the 
response. It is known that calmodulin modulates auxin- 
induced growth^ ^ Though the involvement of calcium 
in auxin action has been recognized for many years^^, 
the nature of interaction between auxin and calcium is 
poorly understood. Auxin-induced elongation in pea 
epicotyl is blocked by treating the segments with calcium 
chelators (EGTA and CTC), calcium surface antagonist 
(Lanthanum) and calcium channel blocker. Verapamil. 
The existing evidence suggests that auxin causes calcium 
efflux. In recent years, Ca^^ has been regarded as a 
second messenger and in conjunction with the calcium¬ 
binding protein, calmodulin, has been reported to be 
involved in the regulation of a number of cell processes, 
both in animals and plants^^"^^. Because of the close 
mimicking of the action of auxin by BR, we hypothesize 
that the mechanism underlying BR-induced cell elonga¬ 
tion could also be mediated through calcium. We test 
this hypothesis here by using surface calcium antagonist, 
calcium chelating agent and finally potent antagonists 
of calcium calmodulin protein. 

Brasinolide (BR) chemical was obtained from Godrej 
Soaps Ltd, Bombay. Calmodulin antagonist - chlor¬ 
promazine (CPZ), calcium chelating agent ethylene 
glycol-Z?w(aminoethyl)tetraacetic acid (EGTA) and cal¬ 
cium surface antagonist - lanthanum chloride (La'^'^Cy 
and indole-3-acetic acid (lAA) were from Sigma Co, USA. 

The assay of cell elongation induced by BR and lAA 
was carried out using wheat coleoptiles. Wheat seeds 
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were sown in plastic trays filled with vermiculite and 
kept in the dark for 5 days at 24”C. The dark grown 
coleoptiles were then harvested under dim red light and 
10 mm segments were excised by excluding 3 mm tip 
using a coleoptile cutter. Excised coleoptile segments 
were transferred to a beaker containing distilled water 
and kept floating for an hour prior to the experimental 
treatments. 

A set of 10 presoaked coleoptiles was transferred to 
petri dishes (5 cm diameter) containing 10 ml of in¬ 
cubating medium consisting of 1 mM phosphate buffer 
(pH 6), various calcium chelator/calcium surface anta¬ 
gonist solutions (CPZ, EGTA and La'^^Cl 3 ) along with 
10|iM lAA or 0.2 |iM BR; suitable controls without 
lAA or BR were maintained in all experiments. The 
coleoptiles were incubated in dark for 20 h at 24°C and 
the increase in the coleoptile length was measured using 
a millimeter scale and magnifying lens. 

In another set of experiments, coleoptile segments 
were preincubated in the above-mentioned calcium 
chelators/calcium surface antagonists solution for 4 h, 
the coleoptile sections were rinsed in distilled water, 
surface-dried and then transferred to lAA or BR solutions. 
The response in terms of coleoptile segment elongation 
was monitored. 

An attempt was also made to examine the effect of 
lAA or BR on cell elongation of coleoptiles enriched 
with calcium. Calcium-enriched coleoptiles were obtained 
by planting wheat seeds previously soaked in 1% CaCl 2 
solution and sown in vermiculite irrigated with 1% 
CaCl 2 solution. Following germination for 5 days, the 
coleoptiles were processed as mentioned above and 
incubated in either water, lAA or BR and the increase 
in length was monitored. 

The presence of calcium calmodulin antagonist-CPZ 
along with lAA or BR inhibited elongation growth of 
the coleoptile segments. A concentration-dependent 
reduction in lAA or BR-induced growth was observed 
with increasing concentration of CPZ in the medium. 
At a concentration of 75 |iM of CPZ about 50% inhibition 
of lAA and BR-induced elongation was observed and 
at a concentration of 140 pM, both lAA as well as 
BR-induced growth were completely inhibited (Figure 1). 

The addition of increasing concentrations of calcium 
chelating agent (EGTA) or calcium surface antagonist, 
La‘^^Cl 3 to the incubation media progressively decreased 
lAA as well as BR-induced elongation. lAA and BR- 
induced elongation was inhibited to an extent of 50% 
in the presence of 2-3 mM EGTA (Figure 2) and 1-5 nM 
of La-^^Cl 3 (Figure 3). 

Coleoptile segments pretreated with CPZ showed 
reduced growth when transferred to lAA and BR. There 
was a concentration-dependent reduction in coleoptile 
growth with increasing concentration of CPZ used for 
pretreatment. Segments incubated in lAA (10 pM) 
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Figure 1. Effect of CPZ on lAA and BR-induced growth of wheat 
coleoptile segments. (Coleoptile segments were incubated in medium 
containing lAA (10p.M) or BR (0.2 pM) with different concentrations 
of CPZ. The final lengths of coleoptile segments were measured at 
the end of 24 h incubation in dark). 



Figure 2. Effect of EGTA on lAA and BR-induced growth of wheat 
coleoptile segments. (Coleoptile segments were incubated in medium 
containing lAA (10p.M) or BR (0.2 pM) with different concentrations 
of EGTA. The final lengths of coleoptile segments were measured at 
the end of 24 h of incubation in dark), 
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Table 1. Effect of CPZ and EGTA on the extent of inhibition of 
growth of normal and calcium-enriched wheat coleoptile segments 


Inhibitors 

Calcium level 
in the 
coleoptile 

Basal 

medium 

lAA 
(10 nM) 

BR 

(0.2 pM) 

CPZ 
(50 gM) 

Normal 

Enriched 

30.60 

84.33 

81.30 

92.16 

63.93 

81.00 

EGTA 
(5 mM) 

Normal 

Enriched 

20.25 

36.84 

82.07 

92.43 

54.42 

79.59 


(% inhibition of growth over the respective control). 



Figure 3. Effect of lanthanum chloride on lAA and BR-induced 
growth of wheat coleoptile segments. (Coleoptile segments were in¬ 
cubated in medium containing lAA (10 pM) or BR (0.2 pM) with 
different concentrations of LaClj. The final lengths of coleoptile 
segments were measured at the end of 24 h incubation in dark). 

medium showed 133% increase in growth. Segments 
pretreated with 50, 100, 150 \jM of CPZ, however, 
showed increases of 105, 80, 64% respectively. A similar 
decline in response was observed when the CPZ- 
pretreated coleoptile segments were transferred to BR 
(0.2 pM) medium (Figure 4). Similar results were also 
obtained by pretreating coleoptiles with calcium chelating 
agent EGTA or calcium surface antagonist La'^^Cl 3 (data 
not shown). 

Coleoptiles from seedlings raised in calcium-enriched 
medium showed significantly more elongation than 
coleoptile segments not enriched with calcium (Figure 
5). The endogenous-free calcium in the former was 
nearly 27% more than the latter. Coleoptile segments 
enriched with calcium showed 16, 45 and 45% increase 
in length in control, lAA (10 pM) and BR (0.2 pM) 
media respectively over coleoptile segments not enriched 



Figure 4. Effect of pretreatment of coleoptile segments with CPZ 
on lAA and BR-induced growth. 



Figure 5. Effect of lAA and BR on the growth of coleoptile enriched 
with calcium. 

with calcium. Under normal and enriched levels of 
calcium, both CPZ and EGTA were effective in reducing 
the elongation growth of coleoptiles induced by lAA 
and BR. At 50 pM CPZ and 5 mM EGTA, complete 
inhibition of auxin and BR-induced elongation was 
noticed. 

Calmodulin inhibitor (CPZ) or calcium chelator 
(EGTA) or surface calcium antagonist (La'^^Cl 3 ) reduced 
both auxin as well as BR-induced elongation growth of 
coleoptiles. Coleoptiles pretreated with calcium cal¬ 
modulin inhibitor - CPZ, calcium sequestering agent and 
calcium channel blocker significantly reduced growth in 
lAA or BR medium. This indicated that reducing 
cytoplasm-free calcium concentration and inhibiting cal¬ 
modulin activity reduces lAA as well as BR-induced 
growth. 

Coleoptile segments with high endogenous calcium 
concentration showed more elongation growth in the 
presence of BR or lAA in the medium. All the calcium 
and calmodulin inhibitors used were also effective in 
inhibiting lAA or BR-stimulated growth of coleoptile 
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tissue with elevated calcium levels (Table 1). The results 
emphasize two points—the lAA- and BR-induced growth 
was more in tissues having high cytosolic-free calcium 
concentration and calcium inhibitors were effective in 
reducing the hormone-induced growth in tissues with 
elevated calcium concentration. This may be due to 
altered calmodulin content in the cytoplasm. It is opined 
that altered calcium levels may influence calmodulin 
activity and thus calmodulin-mediated cellular pro- 
cesses^®’^^. The range of concentration of calcium inhi¬ 
bitors which resulted in significant reduction in growth 
was comparable to the inhibition of other calcium or 
calmodulin-mediated responses^^. 

Our results therefore indicate that the action of BR 
which closely mimics that of auxin in causing cell 
elongation could also be mediated by the release of 
calcium with the involvement of the calmodulin-binding 
protein. 
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Uttarkashi Earthquake. H. K. Gupta 
and G, D. Gupta, eds. Geological Society 
of India, Bangalore. 1995. xxii + 233 pp. 


The Uttarkashi earthquake of 19 October 
1991 was important in many ways. Firstly, 
this was the first earthquake of magnitude 
(M^) 7.0 in the Indian domain for quite 
a number of years. Secondly, the casualty 
figure was high and the damage to dwell¬ 
ings excessive. The loss occurred in an 
already backward region of India. Thirdly, 
this was the first substantial earthquake 
in the vicinity of the Tehri dam site since 
the designs for the Tehri hydroelectric 
and irrigation project were completed in 
the late nineteen sixties. Fourthly, the 
earthquake triggered a number of 
accelerographs installed in the region. 
These records are valuable evidence in 
the debate about seismic hazards to the 
Tehri project. Fifthly, the first Indian 
estimate of the epicentral location for the 
earthquake was in error grossly. The 
earthquake also exposed the lack of 
preparedness of the civil administration 
for relief and succour operations. 

A conference on the Uttarkashi earth¬ 
quake was organized at New Delhi in 
November 1992. The volume under 
review is a compilation of 19 articles 
presented at the conference. 

Chandrasekaran and J. Das report 
analyses of records from 13 US-made 
accelerographs that were triggered by the 
Uttarkashi earthquake in the Garhwal 
region. The maximum peak ground ac¬ 
celeration was 0.30 g and 0.29 g at Bhat- 
wari and Uttarkashi respectively, the two 
stations closest to the epicentre. Brijesh 
Chandra and others in a companion article 
report recorded peak ground acceleration 
of 0.52 g at Uttarkashi where an Indian- 
made accelerograph was operating also. 
Both the articles present information of 
interest to earthquake engineers, civil en¬ 
gineers and architects. But there should 
have been a more critical examination of 
the data in these articles. Since they are 
from the same university department, 
cross-referencing would have been pos¬ 
sible and it would have been useful to 
the readers. A question of great impor¬ 
tance left unanswered nonchalantly is. 
Why did the Indian-made instmments 
show higher accelerations than the im¬ 
ported instruments at the same station? 

S. Jain and S. Das analysed the 
accelerograms reported in the above- 


mentioned article by Chandrasekaran and 
Das to assess the provisions of the Code 
IS 1893: 1984 for design of earthquake- 
resistant structures in different parts of 
India. It may be recalled that India has 
been divided into zones I to V in the 
code. Maximum attention has to be paid 
in design of structures for parts of India 
assigned to zone V. The authors conclude 
that provisions of the code are conser¬ 
vative for zones I to III. Thus, the cost 
of important structures with provisions 
for resistance to earthquake forces could 
be lowered over most parts of India if 
the codal provisions are relaxed suitably. 
On the other hand, the existing provisions 
are not sufficiently conservative for zone 
IV. This is crucial because Tehri dam 
site has been assigned to zone IV. In 
simple terms, if the observation of Jain 
and Das is applied to Tehri dam, then 
it follows that the dam built for earthquake 
resistance according to guidelines for zone 
IV may be exposed to greater earthquake 
hazards than those for which it would 
have been designed. The Uttarkashi 
earthquake did not provide scope for as¬ 
sessing the codal provisions for zone V. 

Two articles by Roy and Hasija deal 
* with geodetic observations. Elevations of 
bench-marks between Saharanpur and 
Mussoorie via Dehra Dun measured in 
1991 and 1992, before and after the 
Uttarkashi earthquake, are compared with 
those measured in 1974-77 in the first 
article. It appears that bench-marks bet¬ 
ween Dehra Dun and Mussoorie ex¬ 
perienced subsidence of up to 7 cm 
between 1991 and 1992. The authors 
attribute the subsidence to the Uttarkashi 
earthquake. But this conclusion is difficult 
to accept in the absence of supporting 
simulations based on the elastic disloca¬ 
tion theory. The bench-marks in question 
are located 70 to 80 km from the epicentre 
and the distance may be too large for 
the observed magnitude of subsidence. 
The suggestion of the authors that the 
bench-marks should be occupied regularly 
should be heeded by the authorities. 

The second article deals with geodetic 
observations elsewhere in the Garhwal 
Himalaya prior to the Uttarkashi earth¬ 
quake. This article is a wasted effort 
scientifically. The dimensions of the sur¬ 
vey figures measured were too small. The 
geographic locations of the figures have 
been masked. Thus we are not sure about 
the region of investigation. The authors 
belong to Survey of India whose raison 


d*etre is to determine and disseminate 
accurate locations of points in the Indian 
territory. But the maps appearing in the 
two articles do not have latitude and 
longitude information. 

Dattatrayam and others report analysis 
of digital data recorded through a seismo¬ 
graph at New Delhi for three aftershocks 
of the Uttarkashi earthquake. The es¬ 
timated seismic moments are of the order 
of 10^^ Nm and stress drops are in the 
range of 0.2 to 0.44 MPa. The authors 
present similar results for two earthquakes 
occurring 5 and 3 days prior to the 
Uttarkashi earthquake. They call them 
foreshocks. But their reported epicentres 
are so far from the epicentre of the main 
earthquake that this appellation is un¬ 
acceptable. The low stress drops deserve 
note and further scrutiny. 

There is an article by Arya entitled 
‘Long term measures for earthquake 
protection in Uttranchal Area of Uttar 
Pradesh, India’. The theme has been ex¬ 
posed by the author earlier for the 
Dharamsala area of Himachal Pradesh. 
Arya presents estimates of numbers of 
houses that may collapse or be damaged 
if an earthquake of magnitude (sic) of 
6.5 occurs with its epicentre in one of 
the eight administrative districts in the 
hills of west Uttar Pradesh. Arya estimates 
that Almora and Dehra Dun districts will 
have maximum numbers of collapsed and 
damaged houses respectively. It is a pity 
that he did not check his predictions with 
the estimates of houses actually damaged 
or collapsed during the Uttarkashi 
earthquake. 

The later part of the article provides 
sane advice for the future. Thus, all future 
constructions in these hill regions should 
have earthquake-resistant features. The 
additional cost in the case of the most 
cheaply constructed houses is estimated 
to be about 10% of the total cost. Arya 
notes that strengthing of existing houses 
is possible but will incur higher percent¬ 
age of original cost. 

Conditions in the affected region im¬ 
mediately after the Uttarkashi earthquake 
were tough. Efforts of scientists who 
visited the area for observations in this 
period deserve appreciation. Still the fact 
remains that the articles which describe 
the results of these qualitative and mildly 
quantitative observations are of a routine 
nature. Many articles contain conjectures 
about the origin of the earthquake. Extra¬ 
polations from surface geological obser- 
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vations to hypocentral depths of 10 to 
12 km appear unwarranted. 

Perusal of the articles of this volume 
collectively reveals in graphic detail the 
relatively low status of seismological 
studies in India circa 1991. Some mitigat¬ 
ing factors may be cited. Lack of funds 
for seismological observations and re¬ 
search on a scale commensurate with the 


vast size of our country would be at the 
top of the list. The situation has not 
improved since 1991 at least in so far 
as seismological observations in our north¬ 
ern hill regions are concerned. Similarly, 
progress towards incorporation of 
earthquake-resistant features in individual 
houses and dwellings is abysmal. Thus 
the portents are clear. The death and 


destruction during the Uttarkashi 
earthquake will be repeated in all its 
tragic details during the next major 
earthquake of the Himalaya. 

Ramesh Chander 

Department of Earth Sciences, 

University of Roorkee, 

Roorkee 247667, India 
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lAMAS/IAPSO Joint Scientific Assemblies 
Date: 1-9 July 1997 

Place: World Congress Centre, Melbourne, Australia 

Joint assemblies of the International Association of Meteorology 
and Atmospheric Sciences (lAMAS) and the International Associ¬ 
ation for the Physical Sciences of the Oceans (lAPSO), two 
of the associations constituting the International Union of the 
Geodesy and Geophysics (lUGG) will be held at Australia. In 
addition, there will be a symposium sponsored by the Tsunami 
Commission of the lUGG and lUGG associations. 

Contact: lAMAS/IAPSO Secretariat 
Convention Network 

224 Rouse Street, Port Melbourne Victoria 3207 
Australia 

Phone: +613 9646 4122 
Fax: +61 3 9646 7737 
E-mail: mscarlett @peg.apc.org 


11th Himalayan - Karakoram - Tibet Workshop 

Date: 28 April-1 May 1996 
Place: Flagstaff, Arizona, USA 

There will be three special sessions, Geodynamic Models of 
the Himalayas and Tibet, Neotectonics and Quaternary Geology 
of the Himalayas and Tibet and Extensional Tectonics in a 
Compressional Orogenic System. 

Contact: Prof. Allison Macfarlane 

Dept, of Geography & Earth System Science, 
George Mason University, 1E2, Fairfax, 

VA 22030-4444 
USA 

Phone: 703/993-1207 

Fax: 703/993-1216 

E-mail: amacfarl @osfl .gmu.edu 


Sixth All India Conference on Cytology and Genetics 

Date: 23-25 February 1996 
Place: Rohtak 

Topics include: Animal cytology and genetics, plant cytology 
and genetics, cell biology and molecular genetics, genetics and 
plant breeding, mutagenesis, population genetics, evolutionary 
genetics and biosystematics. 

Contact: Prof. Ravi Prakash 
Local Secretary 
Department of Biosciences 
Maharshi Dayanand University 
Rohtak 124 001 


DAE Solid State Physics Symposium 

Date: 27-31 December 1995 
Place: Calcutta 

Topics include: Phonon physics, Electron states and electronic 
properties, Magnetism and magnetic properties. Semiconductor 
physics, Physics of defects and disordered materials, Transport 
properties. Superconductivity and superfluidity, Liquids, liquid 
crystals and plastic crystals, Phase transitions and critical 
phenomena, Surface and interface physics, Non-equilibrium 
phenomena in solids, Physics of complex systems. Resonance 
studies and relaxation phenomena. Solid state devices, techniques 
and instmmentation. 

Contact: Shri Saibal Basu 

Secretary, Solid State Physics Symposium 

Solid State Physics Division 

Bhabha Atomic Research Centre 

Bombay 400 085 

Phone: (022) 5563060 

Fax: 91-22-5560750, 91-22-5560534 

E-mail: sps @ magnum.barctl.emet.in 
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In the pursuit of science: The ‘subjective’ element* 


A. N. Mitra 

Several facets of ‘subjectivity’ in science, from abstract value judgement to mundane human 
level interactions, are discussed vis-a-vis its traditional ‘objective’ image. 


There is an almost instinctive perception 
in any unsuspecting mind that the pursuit 
of science is necessarily an objective 
exercise, intensely rational in its scope, 
and singularly free from any ‘pre¬ 
conceived’ notions. Indeed, the standard 
scenario of an interplay of theory versus 
experiment for determining the outcome 
of any idea in science, major or minor, 
is a prima facie evidence for this basic 
perception. In the language of Gerald 
Holton^ this ‘playground’ is the so-called 
contingency plane, one in which theory 
(the calculus of logic and mathematics) 
is depicted as an ordinate, and experiment 
(empirical matters of fact and ‘data’) as 
the abscissa. Formally, this is called the 
‘inductive method’, one in which a five- 
step process is involved, according to the 
physicist Fredrich Dessauer". These five 
steps are simple, and in conformity with 
common sense'(i) hypothesize a pro¬ 
visional statement; (ii) refine and structure 
the hypothesis; (iii) draw logical con¬ 
clusions or ‘predictions’ which can stand 
experimental check; (iv) then check the 
predictions against the ‘data’ (experi¬ 
ment); (v) if both tally within experimen¬ 
tal limits, then a warrant is available for 
claiming a ‘universal validity’ for the 
result. 

On the face of it, this looks like an 
airtight procedure, with hardly any scope 
for intrusion of any other degree of 
freedom. However, a little reflection 
would show that such a picture is a gross 
oversimplification. For, one may ask, what 
is the nature or rather the origin of the 
hypothesis itself on whose basis the 
theorizing and experimentation were 
planned and executed? More specifically, 
what is the source of the original induc¬ 
tion' or idea? It is here that an ‘undefined’ 
ingredient is suspected to have (un¬ 
obtrusively) entered the fray already! This 

*This is an expa^ > a lecture given 

at NIAS on 28 Apia I am grateful to 

Dr S Ramaseshan for urging me to write it. 
I also express my deep appreciation to Dr R. 
Ramanna, Director, for the warm hospitality 
of the Institute. 


ingredient is quite distinct from the two- 
component (theory versus experiment) 
characterization of the ‘induction process’ 
introduced above. It is far more nebulous 
than the straight-jacket theory-experiment 
classification, and often ‘resists’ a quan¬ 
titative definition. And yet it is a vital 
component of the structure of modem 
science, and has all along played a vital 
underlying role in the shaping of scientific 
theories since the Kepler-Newton days. 
Kepler had a twofold philosophy of the 
Universe (by fiat?), viz. (i) a mathematical 
harmony on the one hand and (ii) a 
central theological order on the other (no 
‘proof offered here!). Newton too had 
his five rules'’^, of which the first four 
are quite ‘rational’ (simplicity and 
economy of description; uniformity of 
Nature; universality (no exceptions); new 
hypotheses disallowed against contrary 
evidence). However, he had a fifth rule, 
not explicitly stated, concerning the very 
definition of a hypothesis. 

Holton in his book' calls it the thematic 
component, which cannot be ‘tested’ in 
the sense of theory vs experiment, yet 
cannot be wished away^. One might then 
wonder if such a concept goes against 
the standard philosophy of Karl Popper, 
viz. the essential characteristic of any 
science is the ‘falsifiability’ of its theories. 
A possible answer is that no obvious 
contradiction is involved, since the Pop- 
perian criterion applies only to the stmc- 
tured part of the hypothesis or ‘themata’ 
in the form of a ‘theory’ which must 
face confrontation against experiment, 
towards eventual victory or defeat. On 
the other hand, the ‘themata’ is more like 
the ‘spirit’ or soul behind its structured 
form (the theory), and cannot be contained 
within the four walls of the laboratory. 
It resides in the human mind; it can 
reassert itself, or make a comeback in 
another form, or disappear from the scene 
altogether, all depending upon the nature 
of the outcome of its ‘present incarnation’ 
(the structured theory) with experiment. 
The point is that it is basically ‘free’, 
much like the proverbial 'die Gedankeh*: 


‘Die Gedanken sind frei; wer kann sie 
erraten? 

Sie fliegen vorbei; es nechliche schatten. 
Kein Mann kann sie wiessen; keine 
Yaeger erschissen; 

Es bleibeth dabei; die Gedanken sind 
frei.’ 

It is this thematic element that turns out 
to be a subjective concept inasmuch as 
it resides in the human mind with all its 
complex dimensions, which cannot be 
quantified. It is mostly concerned with a 
sort of ‘valu’e judgement’ on the ‘quality 
of ideas’ which (by experience?) are 
deemed relevant for the ‘understanding 
of nature’ and those which are not. For 
example, past experience strongly sug¬ 
gests that certain attributes like ‘beauty’ 
and ‘naturalness’ which cannot be quan¬ 
tified as such (but ‘felt’ by the mind all 
the samel) have all along played a vital 
role in shaping the course of science, but 
only their sufficiently stmctured forms, 
say in the form of some well-defined 
principles, such as the ‘principle of 
extremum’ in the area of physical scien¬ 
ces, have been successfully confronted 
with experiment. Indeed, it is even pos¬ 
sible to classify the thematic element 
somewhat more systematically into dif¬ 
ferent categories in accordance with their 
‘performance’, i.e. quantitative contact 
with ‘data’, in the contingent plane'. In 
particular, three such categories have been 
suggested^’"'-principles, postulates and 
prejudices"'— in accordance with the na¬ 
ture of successful contact with data (after 
suitable structuring) in descending order, 
and the resultant ‘degree of confidence’ 
thus generated with respect to their 
credibility within the scientific com¬ 
munity. In this respect principles have 
undergone so many acid tests through 
continuous feedback from experiment that 
their speculative or ‘subjective’ aspects 
have by and large been forgotten, and 
they are now regarded as an integral part 
of the scientific discipline concerned. Pos¬ 
tulates, on the other hand (though highly 
structured), have not quite made the grade 
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in terms of data support (e.g. supersym¬ 
metry). These topics are spelt out in more 
detail elsewhere^’"^ and are not the main 
theme of this discussion. 

The subjective element: value 
judgement of concepts 

At the other end of the spectrum lie 
certain themata, termed prejudices'’"^, 
which, despite their strong appeal to in¬ 
tuition, are somewhat nebulous in char¬ 
acter: they resist an unambiguous 
formulation. On the other hand, their 
sweep seems to be even wider if anything, 
and confidence in their intrinsic power 
(despite their nebulosity) has somehow 
been sustained (often strengthened) due 
to past experience. Some famous ex¬ 
amples in this highly subjective category 
are well within the theme of this discus¬ 
sion so as to stand some repetition^’"^: 

(i) ‘Naturalness’ as a selectivity 
criterion (impossible to define, yet easy 
to feel in a given context). 

(ii) ‘Beauty’ and ‘simplicity’ in physi¬ 
cal concepts (same problem). 

(iii) ‘Duality’ in physical sciences (can 
be illustrated with many examples but 
not more generally definable)^ 

(iv) ‘Bootstrap’ philosophy (somewhat 
akin to Mach’s principle; once very 
popular in particle physics; coming up 
again in the context of modem string 
theory^). 

(v) ‘Shell stmcture’ ad infinitum (so far 
only three stages have been confirmed, 
though, according to an unpublished 
theorem due to Drell, any regularity 
checked up to three stages is valid gene¬ 
rally; see also ref. 7). 

These examples illustrate but one aspect 
of subjectivity which relates to a sort of 
‘value judgement’ in the pursuit of 
science, and operates mostly in the 
abstract plane of pure thought process. 
This ‘noble’ aspect, which may be more 
appropriately defined as ‘natural 
subjectivity’ (God is not neutral as bet¬ 
ween good and evil; ‘beauty’ vs 
‘ugliness’; simplicity vs complexity; and 
Nature seems to conform to His choice!), 
represents a perception which is largely 
the result of 'collective wisdom’ of the 
human race acquired over a vast mil¬ 
lennium in evolving its way of life, and 
in the process unearthing the secrets of 
Nature. And in the hands of scientists 
too, the manner in which this ‘noble’ 


form of subjectivity (value judgement) 
came into being (despite its spontaneous 
appeal in most individual minds) is the 
result of a complex feedback process 
involving interactions at the human level, 
and hence subject to all factors prone to 
human failings and weaknesses. They 
often relate to various techniques of ‘per¬ 
suasive argumentation’ (to borrow a 
phrase from Thomas Kuhn’s famous 
book^, which concerns much of the dis¬ 
cussion to follow), with an obvious con¬ 
notation of ‘survival of the fittest’^ This 
(second) aspect of ‘subjectivity’ in science 
(which is not always ‘noble’ in its work¬ 
ing!) is the central theme for the rest of 
this discussion with the help of illustrative 
examples. 

Subjectivity: the human factor 

Since this field is vast in itself, it is first 
necessary to delineate the scope of this 
discussion by ruling out certain topics at 
the outset. Thus, we shall not be con¬ 
cerned with rather esoteric philosophical 
issues like the nature of the physical laws 
themselves^: Do these laws have an 
‘objective reality’ in the sense of an ‘out 
there’ existence, ready to be discovered 
by a Newton or an Einstein, or must one 
be satisfied with a Bohr-like effective 
description, d la the Copenhagen inter¬ 
pretation (Cl)? Although such questions 
have always retained their time-honoured 
philosophical significance, their renewed 
interest in recent times owes its origin 
to fresh efforts directed towards bridging 
the conceptual gap between the Cl and 
a formal understanding of some famous 
paradoxes through the strengthening of 
their conceptual foundations, with exten¬ 
sive reviews both technical*^^ and non¬ 
technical^ available in the literature. At 
the moment the upshot of all this highly 
intellectual exercise seems to be that while 
the Cl, thus strengthenedis in a better 
position to take on its critics, the operative 
value of the new machinery in terms of 
a capacity to predict new observable 
phenomena is quite limited'^ Nor should 
we be unduly exercised over a proper 
definition of science vis-d-vis pseudo- 
science'", since any attempt to provide a 
sharp distinction is fraught with serious 
ambiguities'", and instead take a prag¬ 
matic, matter-of-fact view in this regard. 
Instead, we shall find it more relevant 
to our chosen theme of ‘human 
subjectivity’ to focus on the attitudes of 


scientists^ within their own community 
in the matter of implementing the time- 
honoured theory-experiment confronta¬ 
tion in actual practice. To that end we 
shall begin with recalling, again at the 
cost of some repetition^, the salient points 
of Kuhn’s thesis^ before going on to 
discuss some specific examples. 

Kuhn’s thesis: the arbitrary 
element 

The evolution of science is a very complex 
process wherein its history is not a mere 
collection or catalogue of facts, theories 
and methods. Indeed, there exist many 
inter se contradictions in them, and only 
a directed stream emerges at the end after 
‘resolving’ such contradictions. It is only 
such ‘predigested’ material at the hands 
of the chronicler of science that goes 
into the textbooks. This resolution is 
admittedly a democratic process in the 
usual sense of the term, and it is here 
that there is a catch! How about those 
ideas, theories (and even experiments) 
that did not make the grade? Indeed, it 
is entirely possible that there could well 
have been many good points about them, 
but somehow they got lost out in the 
race, not always because they got rejected 
by experiment (or superior experiment), 
but often because they never got a chance 
to come up to that stage! Perhaps their 
theories did not have strong enough god¬ 
fathers (or willing listeners) for ‘market¬ 
ing’ them. One must hasten to add that 
this is by and large a fair game, but the 
main point of emphasis (and not infre¬ 
quent concern) is that in this complex 
process of evolution there is a fierce 
element of competition (often bordering 
on rivalry) in which the ‘fittest’ of ideas 
is given the best chance to survive. And 
the definition of ‘fittest’ is not always 
reassuring, even though a minimum 
criterion is one of maximum internal con¬ 
sistency plus fits to the data. Now suppose 
there are more than one such candidates, 
all conforming to these minimum criteria: 
Which one should be chosen? The ques¬ 
tion is not necessarily as hypothetical as 
it sounds, especially if such theories are 
proposed at some ‘branching-off stage 
(or cross-roads?) in the process of evolu¬ 
tion of the science concerned. In such 
cases the ‘lucky one’ often gets chosen 
in an apparently arbitrary fashion, to the 
detriment of the others with equal a priori 
claims. True, such a choice involves a 
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broad consensus within the community; 
yet it implies a preselection^ at the current 
state of the art (not waiting for more 
discriminating criteria at a later date). 
Such a process, by its very nature, is a 
highly subjective exercise, and gives 
science a very different image from that 
of an ‘objective pursuit’ of truth. 

The essential point here is that the 
inadequacy of methodology^ introduces 
an arbitrary element into the field in the 
course of its evolution, through a con¬ 
tinual competition between a number of 
distinct views of Nature, each partially 
compatible with experiment. How did this 
come about? Somewhere along the line 
a particular ‘belief structure’ got espoused 
by the community^, to the detriment of 
the other claimants (the arbitrary element), 
due to personal or historical coincidences. 
A sort of spontaneous symmetry breaking 
occurred in the branching process wherein 
a particular branch has been followed^’^ 
If the methodology were more perfect, 
other competing ideas would perhaps have 
had a better chance. However, taking 
things as they occurred one must say that 
the ‘chosen belief branch’ at a crucial 
turning point in history would get 
strengthened with time due to its pursuit 
by a large and committed band of well- 
trained workers who have learned to work 
within well-defined ‘conceptual boxes’^ 
but somehow were not encouraged to 
think beyond that particular discipline. 
This is what constitutes normal science, 
whose constraints strongly inhibit any 
novelty that clashes with its basic tenets. 
This may often be broken by an ‘outsider’ 
to the field who probably ‘sees’ more 
than such constrained workers (a pointer to 
the benefits of interdisciplinaiy research?). 

And yet, even within the precincts of 
normal science, there exists an inherent 
‘governor mechanism’^ which eventually 
comes to the rescue, and prevents an 
indefinite suppression of novelty. For 
there appear fresh contradictions ‘ano¬ 
malies’ -when a normal problem fails to 
respond to standard rules and procedures, 
leading to a paradigm shift®-a new set 
of commitments or rules^’®. Yet the fact 
remains that normal science is a rather 
conservative process of accretion of 
knowledge which does not as a routine 
aim at novelties of fact or of theory. It 
likes to remain quite smug in its ‘under¬ 
standing’ of Nature in terms of its stated 
rules and procedures, howsoever imperfect 
or inadequate they may look to its own 


eyes. It is only when it (normal science) 
is ‘pushed to the corner’, so to say, due 
to the appearance of new and unsuspected 
phenomena, that it feels helpless against 
the onslaught of fresh ideas which have 
a potential to lead to new theories which 
may even be radical. 

Subjectivity: the community and 
the establishment 

Kuhn’s thesis, as summarized above, 
brings out the nature of subjectivity in 
science as seen through its actual working. 
There is a strong ‘directional element’ in 
the personality that is normal science. 
Within this scenario, the ‘objective’ aspect 
of science is merely confined to laboratory 
investigations, while the dominant role is 
played by its ‘subjective’ partner, which 
offers a rather ‘chauvinistic’ view of 
science as a whole, one in which the 
survival of the fittest is the order of the 
day. Tme, it is the laboratory investiga¬ 
tions that provide the basic strength to 
its practitioners to ‘fight for survival’; 
yet a better measure of their power lies 
in their debating skill, or in Kuhn’s words, 
in their capacity for ‘persuasive argumen¬ 
tation’®, which is probably the dominant 
factor that determines their ‘standing’ in 
the scientific community, while the ob¬ 
jective part (laboratory investigation) 
remains largely in the background. In this 
dual scenario, science appears as an 
organized structure governed by the es¬ 
tablishment within the community, much 
like in a ‘democratic socio-political 
entity’, where the final arbiter is the 
‘assent of the community’®. Nevertheless, 
the establishment has its own authority 
which ‘determines’ the direction of 
science, despite the existence of occa¬ 
sional ‘antiestablishment’ or dissident 
groups within the community that are at 
best ‘tolerated’ in the sense of being 
‘allowed’ to publish their own ideas in 
journals which in turn are controlled by 
the former. However, one cannot be too 
sure even on such matters, what with the 
information explosion on ‘ideas’ leading 
to a proliferation of ‘publication 
aspirants’, who must be kept in 
‘reasonable check’. In this respect the 
prospects of publication are better ensured 
with ‘proximity to establishment’ than 
through the freelance efforts of an obscure 
worker. As further evidence of ‘centrali¬ 
zation’ around the establishment in the 
high-tech atmosphere of today’s science, 


yesterday’s culture of individual (small- 
scale) scientific enterprise is gradually 
yielding place to a more organized form 
of collective (large-scale) science, with 
thousand members not uncommon in an 
experimental team. The most recent ex¬ 
ample of such team work is provided by 
the spectacular manner in which the CDF 
and D-ZERO groups have finally ‘zeroed 
in’ on the elusive TEE quark^^. 

Now while such ‘big science’ is by 
and large inevitable as well as beneficial 
for the planning and execution of a major 
project in the experimental field, it is not 
equally obvious that the same is also true 
in the theoretical domain, where too much 
‘direction’ may well prove counterproduc¬ 
tive. A topical example is provided by 
the amount of organized effort by 
theoreticians in the early eighties (under 
the aegis of some important centres) in 
predicting a finite lifetime for proton 
decay within the limits of experimental 
measurability. These limits were variously 
estimated by methods which paid due 
regard to the parameters of the (high- 
profile) ‘high-energy’ dimension of the 
problem (grand unification theory), 
without a matching concern for the (mun¬ 
dane) ‘low-energy’ (hadronic matrix ele¬ 
ment) part, which required a much greater 
effort to produce a physically reliable 
figure, even though the measured value, 
if any, could not possibly distinguish 
between the two components. An inde¬ 
pendent estimate, one in which greater 
attention had been paid to the hadronic 
part, produced a value which was more 
than hundred times larger than most of 
the above (one-sided) estimates, a limit 
that had not been violated by the then 
available data^*^, but coming as it did 
from an obscure source far away from 
the (theoretical) establishment, this finding 
was largely ignored in the literature. This 
result was not intended to claim that the 
GUT theory could still be valid - perhaps 
not - yet it seemed to be rejected for the 
wrong reason. (Other examples of 
‘subjective’ decisions arrived at prema¬ 
turely by consensus are given further 
below.) A related trend in the same con¬ 
text which brings out yet another dimen¬ 
sion of subjectivity (by way of wishing 
to ‘conform’ to the ‘views’ of the estab¬ 
lishment) was also discemable around the 
same time, in the anxiety of certain ex¬ 
perimental groups to appear to agree with 
the prediction of ‘faster’ rates (10^* years) 
prevalent at that time^"^. 
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The analogy with the sociopolitical 
scenario could indeed be pushed further 
if science were to be pursued under one 
(world) organization, in keeping with its 
supposedly common (international) stand¬ 
ard. In its actual working, however, the 
pursuit of science is heavily circumscribed 
by the local and regional environments 
of the scientists themselves, and this often 
constrains their relative opportunities vis- 
a-vis their more fortunate counterparts 
residing in more visible centres of scien¬ 
tific power. This circumstance, in turn, 
brings in further ‘asymmetries’ in the 
overall scientific culture, and adds yet 
another dimension to the ‘subjectivity’ 
factor, one governed by the actual (not 
just by analogy!) sociopolitical environ¬ 
ments of the workers themselves. 

Subjectivity: theory vs experiment 

Even without pursuing the sociopolitical 
analogy any further, the subjective nature 
of the actual working of science may be 
brought out with some specific instances 
of its impact on a global scale. One 
example was cited just above in the con¬ 
text of proton decay, but it need not 
(indeed, should not) give the impression 
that subjectivity is necessarily ‘bad’ for 
the growth of science on a global scale, 
despite the ‘local’ suffering of individual 
workers. Yet the examples are quite in¬ 
structive insofar as they help in exploding 
the myth about the so-called objectivity 
in science. In a recent book^^, Collins 
and Pinch have highlighted some famous 
and not-so-famous instances of how the 
subjectivity factor has prevented unwar¬ 
ranted fluctuations in the overall stability 
of basically ‘correct’ premises of science, 
when it is remembered that science is 
merely the ‘art of the possible’and 
does by no means aim at discovering the 
absolute ‘truth’ (which is at best an 
asymptotic concept not accessible via 
‘finite efforts’). This is not to deny the 
need for time evolution of even the most 
fundamental concepts of science (did not 
relativity and quantum theory eventually 
replace the classical Euclid-Newton con¬ 
cepts?), but the time scale for such evolu¬ 
tions is the result of a very complex 
feedback within the scientific community 
and cannot be determined on the basis 
of any insufficient efforts, howsoever reli¬ 
able, from a few individual workers 
without a thorough debate within the 
community on their wider implications. 


The first example concerns the famous 
expedition of Eddington in 1919 to verify 
Einstein’s general relativity. Even a cur¬ 
sory perusal of the Collins-Pinch account 
would convince anyone that the ‘raw 
data’ were hardly discriminatory as be¬ 
tween the Newton and the Einstein predic¬ 
tions (which differed by half). Yet a 
conscious value judgement had to be 
introduced by Eddington (with active sup¬ 
port from the Astronomer-Royal) to 
decide in favour of the Einstein (not 
Newton) prediction. At the hands of a 
lesser mortal such a ‘doctoring’ of data 
would either be ignored or (if, the worker 
has a good reputation) provoke violent 
protests. Indeed, in the present age such 
‘poor’ data would simply be ‘un¬ 
acceptable’ in the first place, a recent 
example being the ‘monopole’ event of 
Cabrera^’. A more substantial evidence 
of the demands of modern rigour in the 
processing of data is provided by the 
‘processing time’ taken by the CDF team 
work before finally deciding to publish 
their results^^, even though the crucial 
nature of their findings (for which the 
entire community had been waiting with 
bated breath) would have ensured a ready 
acceptance. A greater boldness (and 
daring!) had been shown by Carlo Rubbia 
a decade earlier, when, as leader of the 
UA2 team, he had decided to publish 
their findings somewhat in advance of 
the final results, for which the entire 
high-energy community had been waiting 
anxiously. 

However, Eddington’s expedition was 
in the Rutherford era when science and 
its practitioners used to be regarded with 
far greater awe and reverence than is the 
case today. And, with his formidable 
standing within the scientific community, 
he was able to push through his ‘inter¬ 
pretation’ successfully, as the circumstan¬ 
tial evidence was overwhelmingly in its 
favour, though not necessarily on the 
basis of the actual data obtained from 
the expedition. The important lesson from 
this episode is that an experimental 
‘confirmation’ of a theory in the standard 
orthodox fashion-the bedrock of 
‘objectivity’ in science-is not always 
relevant for ‘belief in the theory’! In 
retrospect, Eddington turned out to be 
right, but for a ‘wrong’ reason, since it 
would not have mattered much what the 
data showed. On the other hand, his deep 
insights in physics, howsoever buttressed 
by his high prestige, had their own limita¬ 


tions as were tellingly confirmed by his 
own student Chandrasekhar’s subsequent 
‘victory’ over the Professor’s (superior?) 
judgement on the now famous 
Chandrasekhar limit. And yet the damage 
that the Professor’s initial verdict had 
caused to his student’s career in the in¬ 
terim period is a matter for history*^. 
Lesson? Personal authority as an instru¬ 
ment of subjectivity must not be pushed 
too far, since its credibility is not un¬ 
limited! Failure of ‘institutional authority’ 
is already illustrated (see above) by the 
failure of proton decay within the time 
limits set by the grand unification 
theory. 

Yet subjectivity has been known to 
‘pay’ if combined with a right ‘dose’ of 
intuition together with establishment’s 
support, in both of which the actual 
‘experimental’ evidence, especially in the 
short run, often plays a marginal role. 
Thus, in the famous ‘experimental’ debate 
between Pouchet and Pasteur'^ on the 
origin of life, Pasteur was against the 
spontaneous generation theory advocated 
by Pouchet. Although Pouchet’s experi¬ 
ments seemed to support his theory, Pas¬ 
teur would invariably come up with some 
‘catch’ in the experimental material and/or 
set-up. He even ‘discarded’ some of his 
own experiments which showed a bias 
for ‘spontaneous generation’, relying more 
on his intuitive perceptions than on the 
actual observations. And he was supported 
by the Paris-based Academie des Sciences 
- the establishment - even though the 
latter’s reasons were anything but objec¬ 
tive. That Pasteur was upheld by later, 
more precise, results is an entirely dif¬ 
ferent matter. 

A similar incident of more recent origin 
concerns Fairbank’s (an experimental 
physicist of considerable reputation) ‘dis¬ 
covery of the quark’a result which 
was hotly disputed by Morpurgo, who 
was so sure of his ground that he even 
ventured to suggest that it was an artefact 
of the ‘mode of observation’^^! Finally, 
at the Rochester Conference of 1960, 
during the heydays of the V-A theory, 
Feynmann simply refused to believe that 
the theory could be wrong, even though 
some helium-6 data were ‘strongly 
supporting’ the scalar-tensor theory. Such 
examples can be multiplied. 

All these examples illustrate the more 
‘noble’ aspects of subjectivity that relate 
to a ‘value judgement’ in which deep 
intuition plays a vital role. 
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Conclusion 

In the foregoing we have tried to depict 
several facets of subjectivity, from value 
judgement to human interactions, that are 
employed in the actual practice of science. 
While the traditional picture of science 
is one of ‘strictly objective’ interplay of 
theory and experiment within the rules 
of the game, subjectivity enters in a vital 
way as a sort of value judgement in the 
worker’s own perceptions of the same. 
This ‘abstract’ aspect of subjectivity is 
an intensely personal perception which 
remains hidden from view but may be 
reflected in his choice of problems and 
the tenor of his writings. The more visible 
aspect of subjectivity, on the other hand, 
enters through human interaction, wherein 
science is a part of the community’s 
larger concerns, and hence is subject to 
all standard types of socioeconomic and 
sociopolitical pressures. Sandwiched bet¬ 
ween these dominantly ‘subjective’ ele¬ 


ments, the ‘objective’ part of his practice 
of science is more or less a routine affair, 
appearing essentially as an end product 
of his investigation, while the vital 
decisions are controlled by the former. 
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In this issue 


AIDS 

Almost fifteen years have 
passed since the disease AIDS 
surfaced in the United States. 
This immune deficiency state 
which rendered patients sus¬ 
ceptible to opportunistic in¬ 
fections was soon recognized 
to be a sexually transmitted 
disease, with the causative 
agent being a retrovirus. 
Originally thought to be lim¬ 
ited to homosexual popula¬ 
tions, AIDS was soon to as¬ 
sume the dimensions of a ma¬ 
jor public health problem 
when heterosexual transmis¬ 
sion and infection via blood 
transfusions and contaminated 
syringes in drug addicts were 
established. There is no satis¬ 
factory treatment for AIDS 
and approaches to limiting the 
spread of the human immu¬ 


nodeficiency virus (HIV) are 
still to take hold. The magni¬ 
tude of the AIDS problem in 
India appears to be relatively 
small at present; malaria, tu¬ 
berculosis and diarrhoeal dis¬ 
eases may still be more wide¬ 
spread. However, the dangers 
of underestimating an insidi¬ 
ous enemy are all too clear. A 
special section in this issue, 
edited by David Bloom high¬ 
lights the complexity of the 
problems involved in address¬ 
ing the growing AIDS epi¬ 
demic. 

P. Balaram 


Fifty years after a landmark 

The melting of ice and the loss 
of magnetism by iron on 
heating are two examples of 


what physicists call phase 
transitions. In the second ex¬ 
ample, the order becomes zero 
continuously at a critical tem¬ 
perature. Various approximate 
models for this behaviour have 
been proposed, starting with 
van der Waals in the last cen¬ 
tury. On close examination, 
they proved inconsistent, both 
with the best experiments and 
internally. Fifty years ago, 
Lars Onsager found an exact 
mathematical solution of one 
model of a phase transition — 
a brilliant discovery which 
changed the course of the 
subject. This historic event, 
the prelude to it and its after- 
math are recounted for our 
readers by S. M. Bhattacharjee 
and A. Khare (page 816). 


R. Nityananda 
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Pioneers of ozone study bag chemistry Nobel 


The 1995 Nobel prize in chemistry has 
been awarded jointly to Paul J. Crutzen, 
Department of Atmospheric Chemistry 
and Biogeochemistry, Max-Planck- 
Institute for Chemistry, Mainz, Ger¬ 
many; Mario J. Molina, Department of 
Earth, Atmospheric and Planetary Sci¬ 
ences and Department of Chemistry at 
Massachusetts Institute of Technology, 
USA; and F. Sherwood Rowland, De¬ 
partment of Chemistry at the University 
of California, Irvine, USA. 

The laureates are recognized for their 
pioneering work on the subject of for¬ 
mation and decomposition of ozone. 
Crutzen was instrumental in establishing 
the importance of nitrogen oxide chem¬ 
istry. Rowland and Molina were the first 
to warn that chlorofluorocarbons 
(CFCs) released into the atmosphere 
were depleting the ozone layer. By ex¬ 
plaining the chemical mechanisms that 
threaten to destroy the protective ozone 
screen surrounding the earth, the three 
scientists have contributed to our salva¬ 
tion from a global environmental dam¬ 
age that could have serious ill-effects. 

The ozone layer^”^ 

Ozone, a three-atom molecule of oxygen, 
occurs naturally as a gas in trace amounts 
in the Earth’s atmosphere. It is found 
primarily in a layer between about 12 and 
50 km above the Earth’s surface, in the 
region of the atmosphere called the 
stratosphere. The ozone layer is thin, 
fragile and almost invisible. Yet it plays 
an exceptionally fundamental role in 
determining the habitability of the Earth. 

A one per cent decrease in ozone al¬ 
lows a two per cent increase in UV ra¬ 
diation that reaches the Earth. Effects 
from increased UV radiation include an 
increased risk of skin cancer, cataracts 


and immune deficiencies in humans, as 
well as damage to crops and the plank¬ 
ton that supports marine life. While the 
stratospheric ozone plays a beneficial 
role, the surface-level tropospheric 
ozone is one of the most harmful pollut¬ 
ants, damaging plants and humans. The 
tropospheric ozone is produced through 
smog type of reactions'^, a familiar 
problem in the atmosphere of many cit¬ 
ies around the world. 

The first qualitative photochemical 
theory for the formation and decompo¬ 
sition of ozone in the atmosphere was 
formulated by Sidney Chapman^ in 
1930. According to this theory, ozone is 
produced in the middle and upper at¬ 
mosphere through dissociation of mo¬ 
lecular oxygen by sunlight; the free 
oxygen atoms combine with other O 2 
molecules to form ozone. 

O 2 + UV(X < 242 nm) -> O + O 

O 4- O 2 + M —^ O 3 -f- A/, 

where M is a third body required to 
carry away the energy released in the 
combination reaction. The triple colli¬ 
sion is rare at very high levels (above 
60 km), because there are so few mole¬ 
cules. Thus, there is almost no ozone 
above 60 km. On the other hand, there 
is almost no atomic oxygen, O, below 
approximately 16 km, so the formation 
of ozone is unlikely there, too. These 
are the reasons most of the ozone is 
found in the stratosphere. 

Early warnings 

Chapman’s theory, however, showed 
appreciable deviations from measure¬ 
ments. The calculated ozone contents 
were considerably higher than the ob¬ 
served ones. To account for this. Bates 
and Nicolet^ drew attention to the role 


played by H, OH and HO 2 (products of 
UV photolysis of water vapour) in the 
catalytic reduction of odd oxygen above 
60 km. But the calculations again 
showed very large concentrations of 
ozone than the observations. 

Paul Crutzen^ in 1970 suggested that 
additional important processes must be 
taken into account in order to correctly 
describe the photochemistry of the at¬ 
mospheric ozone. Crutzen uncovered an 
important aspect that nitrogen chemistry 
accounts for a significant fraction of 
ozone loss in the natural atmosphere, 
particularly above 25 km. 

NO + O3 —^ NO2 + O2 
NO2 + O -> NO + O2 
neti O3 -h O —> 2O2. 

Using available satellite data, Crutzen 
provided a much more quantitative 



Crutzen was born in 1933 in Am¬ 
sterdam. He obtained his doctorate 
in Meteorology in 1973 from 
Stockholm University. He is a 
member of the Royal Swedish 
Academy of Sciences, the Royal 
Swedish Academy of Engineering 
Sciences and Academia Europaea. 
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understanding of the sources of via 
N 2 O oxidation 

N 2 O + O 2 NO. 

The primary sources of N 2 O include 
oceans, combustion of fossil fuels, fer¬ 
tilized agriculture fields, tropical and 
subtropical forests and woodlands. N 2 O 
diffuses upwards from troposphere to 
the stratosphere to give NO which in 
turn reacts with ozone. The connection 
demonstrated by Crutzen^ between 
tropical biomass burning and the ozone 
concentration is one of the motives for 
the recent rapid development of research 
on global biogeochemical cycles. 

Johnston^ rediscovered the NO^^-Os 
sequence and made a connection to su¬ 
personic transport emissions. Super¬ 
sonic civil aircraft can fly across the 
ocean at supersonic speeds, but cannot 
fly across land because of the sonic 
boom noise. These aircrafts would be 
capable of releasing nitrogen oxides 
right in the middle of the ozone layer at 
the altitudes of 20 km. Crutzen’s and 


Johnston’s work gave rise to a very in¬ 
tensive debate among researchers as 
well as among technologists and deci¬ 
sion-makers. Since then, several multi¬ 
dimensional modelshave been devel¬ 
oped to assess the potential environ¬ 
mental effects of aircraft operations in 
the stratosphere. But it must be pointed 
out that opposition to the 1970s super¬ 
sonic fleet came primarily because of 
the very high development cost and not 
just the NOjf engine emissions. 

The CFC affair 

The next vital step towards a deeper un¬ 
derstanding of ozone chemistry was in 
1974, when Rowland^ ^ and his then post¬ 
doc, Molina, established the possibility 
of major stratospheric ozone depletion 
from CFCs. During the early seventies, 
CFCs were used as tracers in the tro¬ 
posphere because of their lack of reactiv¬ 
ity. According to ‘Rowland-Molina hy¬ 
pothesis’ as it is now often described, the 


release of atomic chlorine from the solar 
UV photolysis of CFCs triggers catalytic 
chain reaction that causes significant 
depletion of stratospheric ozone layer. 

CFCs were invented in 1928 as safe 
alternatives to ammonia and sulphur 
dioxide refrigerants. Since then the uses 
of CFCs have been expanded to include 
aerosol propellants, air conditioning, 
refrigerants, foam-blowing agents, and 
as solvents in electronic industries^”. 
They are volatile, nonflammable, non- 
corrosive, nonexplosive, low toxic and 
chemically inert, and hence safe to work 
with. The very lack of chemical reactiv¬ 
ity that makes CFCs commercially use¬ 
ful also allows them to persist for many 
decades in the Earth’s atmosphere. The 
most important CFCs^^ for ozone deple¬ 
tion are: trichlorofluoromethane - CFCI 3 
(CFC-11), dichlorodifluoromethane - 
CF 2 CI 2 (CFC-12), 1,1,2 trichloro- 

trifluoroethane - CF 2 CICFCI 2 (CFC-113) 
and carbon tetrachloride (CCI 4 ). 

Rowland and Molina realized that 
the chemically inert CFCs could be 



Sept. 30,1979 


Sept 30,1981 
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Sept 30,1985 Sept 30,1987 


Sept 30,1989 






Sept. 30,1991 
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Figure 1. Progressive thinning of ozone layer as revealed by TOMS data. 
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transported to the stratosphere and de¬ 
composed by solar UV radiation. 

CCI 2 F 2 + UV(A, < 220 nm) Cl + 
CCIF 2 . 

After they are photolysed, most of the 
chlorine eventually ends up as hydrogen 
chloride, HCl, or chlorine nitrate, CIONO 2 . 
These are called reservoir species. Alter¬ 
natively, the chlorine atoms released could 
participate in the catalytic removal of 
ozone. The simplest mechanism suggested 
by Rowland and Molina is 

Cl + O 3 -> CIO + O 2 
CIO + O Cl + O 2 
net! O + O 3 —> 2 O 2 . 

Note that the role of chlorine atoms is 
that of a catalyst. Thus, an atom, once 
released, can participate in the O 3 re¬ 
moval as long as it stays in the atmos¬ 
phere. The process is even more dra¬ 
matic for bromine - it has no stable 
reservoirs; so the Br. atom is always 
available to destroy ozone. On a per- 
atom basis, Br is 10-100 times as de¬ 
structive as Cl. In contrast, fluorine is 
innocuous in the stratosphere. Most of it 
ends up as its reservoir - hydrogen 
fluoride (HF), which is extremely stable. 
Since chlorine and bromine radicals 
both cause ozone destruction, it comes 
as no surprise that iodine can also do so. 

Hole in the ozone shield 

Antarctica is the southernmost continent 
of the world, and literally speaking, one 
of the most remote places- on the Earth. 
But here occurred the first large-scale 
ozone loss. Public concern was aroused 
in 1985 when atmospheric scientists of 
the British Antarctic Survey*'* an¬ 
nounced their startling discovery of an 
‘ozone hole’ over Halley Bay, Antarc¬ 
tica. Other scientists confirmed the dis¬ 
covery and reported that the region of 
ozone depletion was actually wider than 
the continent. These findings led to 
signing of a treaty in September 1987 on 
the protection of the ozone layer, known 
as Montreal Protocol, the first global 
environment protection agreement. 

The quantitative aspects of the ozone 
hole, however, could not be explained 
by dynamical processes or by gas phase 
chemical reactions. In fact, atmospheric 
models employing the gas-phase chem¬ 
istry estimated only a 1 - 2 % loss of 
ozone, significantly less than what has 



Rowland was born in Delaware, 
USA in 1927. He earned his B S 
degree from Ohio Wesleyan Uni¬ 
versity and his M S degree from 
University of Chicago. In 1952, 
Rowland received his Ph D from 
the University of Chicago and 
taught at Princeton University and 
the University of Kansas before 
going to Irvine in 1964 as found¬ 
ing Chairman of its chemistry de¬ 
partment. Before the publication 
of the Rowland-Molina papers 
on CFC problem, his research 
centered on the chemical reac¬ 
tions of radioactive isotopes. 
Currently, Rowland is Emeritus 
Professor in the University of 
California and he is also Foreign 
Secretary of the US National 
Academy of Sciences. 


been observed. Such findings prompted 
the ozone researchers to suspect that an 
alternative mechanism must exist that 
could accelerate the decomposition of 
ozone. As it turned out, Rowland^^ 
along with Solomon, Garcia and 
Wuebbles identified this mechanism as 
chemical reactions on the surface of 
cloud particles in the stratosphere. The 
clouds convert two so-called reservoir 
species of chlorine, HCl and CIONO 2 , 
into more reactive chlorine (CI 2 ) and 
hypochlorous acid (HOCl): 

HCl + CIONO2 HNO3 + CI2 

H2O + CIONO2 HNO3 + HOCl. 

The nitric acid that is produced sticks to 
cloud particles whereas the CI 2 and 
HOCl fly off into the gas phase. Further, 
Crutzen^^ and Arnold emphasized that 
the clouds absorb nitrogen oxides and 
thus it allows the abnormally high chlo¬ 
rine to persist. 
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NO 2 + NO 3 + M N 2 O 5 + M 
N 2 O 5 + H 2 O 2 HNO 3 . 

That is, the conversion blocks the fol¬ 
lowing reaction 

CIO + NO 2 CIONO 2 . 

As a consequence of these studies, an 
exciting new branch of atmospheric 
chemistry has emerged: ‘heterogeneous’ 
chemical reactions on particle surfaces. 

In the stratosphere, a stream of air 
known as polar vortex circles Antarctica 
in winter. Air trapped within this vortex 
becomes extremely cold during the po¬ 
lar night. Temperatures drop low 
enough to form clouds even in the very 
dry stratosphere. Particles of nitric acid 
trihydrate (type I polar stratospheric 
clouds (PSCs)) first condense at about 
193 K; water ice particles (type II 
clouds) form when the temperature falls 
still lower, to about 187 K. These 
clouds freeze-out water vapour (de¬ 
humidification) and remove nitrogen 
oxides (de-nitrification) by adsorption 
of HNO 3 into the PSCs^^. As mentioned 
earlier, the PSCs provide a reaction 
surface for transferring inactive chlorine 
to an active stable form ready to react 
once sunlight appears in the spring. The 
arrival of UV radiation photolyses the 
CI 2 to radicals that can catalyse ozone 
destruction. 

Several proposals have been made for 
the catalytic mechanism linking halogen 
radicals to the chemical destruction of 
ozone^^ For example, McElory^^ and 
coworkers suggested ClO-BrO mecha¬ 
nism while Solomon^^ and colleagues 
proposed CIO—HO 2 sequence in addi¬ 
tion to the classical catalytic couplet 
originally introduced by Molina and 
Rowland. Nevertheless, a chlorine 
chain^^ suggested in 1987 by Mario 
Molina and his wife Louisa J. Molina, 
involving CIO dimer formation at low 
temperatures followed by photolysis and 
thermal decomposition is now thought to 
account for the massive ozone destruc¬ 
tion. The proposed mechanism follows. 

CI 2 + /iv -> 2C1 

Cl + O 3 -> CIO + O 2 

Cl + O 3 CIO + O 2 

CIO + CIO + M -> ClOOCl + M 

ClOOCl + / 2 V -> Cl + ClOO 

ClOO -h M Cl + O 2 + M 

net: 2 O 3 —> 302- 

Molina^^ and coworkers also proposed a 
variation on this sequence in which the 
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photolysis of ClOOCl was replaced by 
thermal decomposition. 

Basically, the overall effect of all 
these processes is to pre-condition the 
Antarctic stratosphere so that when 
sunlight returns to the stratosphere in 
spring two ozone molecules can be 
transformed into three molecules of 
oxygen through the above sequence of 
reactions. Once the spring is well-on, 
the Sun induces a dynamical breakdown 
of the stable vortex, and the ‘chemical 
containment vessel’, as it is sometimes 
called, is broken down and mixing of air 
with lower latitude occurs. PSCs evapo¬ 
rate and the atmosphere returns to a 
normal state. 

Hence, in late winter, regions of 
ozone depletion around the pole begin 
to appear. Within a few weeks, the 
ozone hole is completely established. 
The hole disappears when the polar 
vortex finally breaks down after the 
spring Sun warms the air over Antarc¬ 
tica. Air then sweeps in from low lati¬ 
tudes, bringing nitrogen oxides that tie 
up the active chlorine and ozone that 
fills up the hole. The depletion first 
identified over Antarctica is now being 
observed to a lesser extent over the 
Arctic too, and is also much more evi¬ 
dent at middle latitudes than has ever 
been predicted. 

The Total Ozone Mapping Spectrome¬ 
ters (TOMS) aboard the NASA’s Nimbus- 



Mario Molina - the first Mexican 
to receive a scientific Nobel - was 
born in 1943 in Mexico City, 
Mexico. He received his Ph D in 
Physical Chemistry from the Uni¬ 
versity of California, Berkeley. 
His wife Louisa is a Chinese and 
she is also a physical chemist. 
Mario is a member of the US Na¬ 
tional Academy of Sciences. 


7 spacecraft (launched on 24 October 
1978) measures the total column ozone 
density of stratospheric ozone by observ¬ 
ing back scattered solar UV radiation. 
The results of such measurements are 
usually presented in Dobson Units (1 
DU = 2.69x10^^ molecules of ozone 
cm“^). Time series of TOMS images are 
shown in Figure 1, which illustrates the 
changes in total ozone over Antarctica 
at the beginning of every austral spring. 
The colour scale at the bottom shows 
the total ozone values in Dobson units. 
As a matter of fact, the roughly circular 
ozone hole rotates around the south pole 
at an offset, moving around the Antarc¬ 
tic continent and back to original posi¬ 
tion about once a week. 

Skeptics, CFCs, and the ozone 
layer 

When Rowland and Molina predicted in 
1974 that chlorine from CFCs could 
chew away the ozone layer, some skep¬ 
tics did not want to believe it at first. 
Further, the critics claimed that only 
small amounts of CFCs could enter the 
stratosphere because they are heavier 
than air (the molecular weight of CFC- 
11 (CCI3F) is 137.5; that of air 29), 
adding that the chlorine is vented into 
the atmosphere by evaporation of sea 
water and eruptions of volcanoes. 

Rowland made a broad attempt to 
confront the controversy and tackled the 
misconceptions concerning CFCs and 
ozone depletion. He argued that indoor 
experience with mass-dependent molecu¬ 
lar diffusion is not applicable in the 
wind-driven atmosphere, in which the 
mixing process does not distinguish mo¬ 
lecular masses^^. If atmospheric gases 
segregate by weight, then the heavier 
molecules should dominate at lower alti¬ 
tudes. In reality, however, the relative 
proportions of Helium-4, Nitrogen-14, 
and Krypton-84 are unchanged from 
ground-level to about 100 km, despite the 
variation in molecular weight. Concern¬ 
ing the chlorine from sea water, it is in 
the form (NaCl) that is rapidly removed 
from the troposphere by rain. Volcanoes 
do eject chlorine as HCl during erup¬ 
tions. But again, HCl is washed out by 
rain in the troposphere. Only rarely are 
eruptions so violent that they inject ma¬ 
terial directly into the stratosphere. 

At last, the fierce debate is now over 
and the researchers are convinced that 


chlorine from CFCs is responsible for 
the ozone loss. Thanks to pioneering 
research by many researchers, among 
them Crutzen, Molina and Rowland, as 
well as Susan Solomon, James Ander¬ 
son, Richard Stolarski, Ralph Cicerone 
and Donald Wiiebbles. 

Deservedly rewarded... 

In recent years, Crutzen^^ has continued 
to make many other important contribu¬ 
tions to the current understanding of 
atmospheric chemistry, both in the tro¬ 
posphere and stratosphere. Molina’s^"* 
work at MIT (and University of Cali¬ 
fornia, Irvine and Jet Propulsion Labo¬ 
ratory before going to MIT) has mainly 
emphasized laboratory studies of het¬ 
erogeneous reactions in relevance to 
atmospheric chemistry. Rowland’s^^ 
work has primarily involved grab sam¬ 
ple measurements of tropospheric gases, 
such as methane, hydrocarbons and 
halocarbons. Equally important, he 
urged scientists to reach beyond their 
subspecialities and attempt the difficult 
job of communicating sound science to 
the public. 

Without a doubt, ozone researchers 
are all delighted and pleasantly sur¬ 
prised by the selection of environmental 
sciences foi# recognition by the Nobel 
committee. The Nobel prize to the trio 
of atmospheric scientists has elevated 
the whole area of ozone research. In¬ 
deed, it is the first Nobel prize for any 
environmentally related work. The No¬ 
bel committee, perhaps, is ^ starting a 
trend to recognize scientists who have 
made fundamental contributions in ap¬ 
plied sciences! 
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The 1995 Nobel Prize in Medicine: A tribute to the power of formal genetics 


One of the most remarkable areas of 
achievements in biology during the past 
few decades has been the elucidation of 
the mechanisms that an apparently un¬ 
structured egg cell uses to transform 
itself into a complex-patterned multicel¬ 
lular organism. The first glimpse of this 
genetic blue-print was obtained through 
genetic studies with the fruit fly Droso¬ 
phila. Fortunately, these results were 
obtained at a time when the recombinant 
DNA and molecular biological tech¬ 
niques were spreading like wild fire and 
therefore, even these esoteric genetic 
studies with Drosophila attracted the 
imaginations of biologists working with 
all kinds of organisms. Very soon the 
commonality of organization of all liv¬ 
ing organisms was reaffirmed and sci¬ 
entists could hope to decipher the ge¬ 
netic programme that controls develop¬ 
ment of as complex an organism as 
Homo sapiens. 

Therefore, the committee for this 
year’s coveted Nobel prize in Medicine 
has very rightly selected three Droso¬ 
phila geneticists for their pioneering 
work on the genetic control of embry¬ 
onic development and differentiation 
using simple but powerful tools of con¬ 
ventional genetic analysis. They are 
Edward B. Lewis of The California In¬ 


stitute of Technology, USA, Christianne 
Ntisslein-Volhard of the , Max-Planck 
Institute for Entwicklungsbiologie, 
Tubingen, Germany and Eric Wieschaus 
of Princeton, USA. Lewis has been 
working with Drosophila, mostly by 
himself, for more than 50 years and 
published^ a summary and analysis of 
the data collected by him over many 
years in his well-known Nature paper in 
1978; Niisslein-Volhard and Wieschaus 
published^ their seminal paper, also in 
Nature, in 1980 when both were at the 
EMBO Laboratory in Heidelberg, Ger¬ 
many. These two papers have changed 
the course of contemporary biology in 
more than one way by allowing a new 
look at the transformation of a seem¬ 
ingly structureless egg into a complex, 
patterned and organized organism. The 
concepts generated in these papers have 
found very wide applications in studies 
dealing not only with animals but plants 
as well. It is remarkable indeed, that 
these two papers were based on simple 
methodologies of ‘pure’ or formal ge¬ 
netics with no ‘sophisticated’ or 
‘advanced’ molecular biological tech¬ 
niques being employed. As is the wont 
of geneticists, they simply obtained a 
large number of mutations, selected 
those that affected early development. 


mapped the mutations on linkage maps 
and characterized the consequences of 
either individual mutations or specific 
combinations of the different mutations 
on the developmental phenotype of the 
individual. The only ‘advanced’ analyti¬ 
cal techniques employed by these scien¬ 
tists were scanning electron and/or dark- 
field microscopy! It was the systematic 
analysis and a foresight in rationaliza¬ 
tion of the phenotypic effects of the 
various mutant genes that led them to 
formulate general principles of Nobel 
prize-winning consequence. 

Study of embryonic development has 
fascinated biologists for a long time. 
Curiosity to know how a single-celled 
egg develops into a complex organism 
led to the growth of the whole field of 
Embryology to describe the morpho¬ 
logical and anatomical changes taking 
place in a developing embryo. In biol¬ 
ogy it is ofteh necessary to examine the 
abnormal so that the normal may be 
understood. Thus a conventional ex¬ 
perimental embryological approach to 
the study of a complex process has been 
to disrupt one step in the chain of events 
and follow its consequence. This path 
was followed by generations of eminent' 
embryologists during this century and 
their efforts did help in providing some 
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Figure 1. Examples of disruptions in normal segmentation of late Drosophila melanogaster embryos due to mutations in some of the seg¬ 
mentation genes identified by Nusslein-Volhard and Wieschaus: the first panel shows the segmentation pattern in a normal late embryo; 
the second is an embryo mutant for the kruppel gap gene (with the prothoracic to 5th abdominal segments missing), the third one Is mu¬ 
tant for the paired pair-rule gene (with the posterior compartment of all odd-numbered and the anterior compartment of all even numbered 
segments missing) while the last one has a mutation at the enp/a//eaf segment-polarity gene (with posterior compartments being affected). 
Identification of such defects in segment patterns in mutant embryos led the scientists to interpret the functions of the wild-type genes in 
normal pattern regulation. 


cause-effects relationships in the com¬ 
plex events taking place during embry¬ 
onic development. However, none of 
these approaches could address the cen¬ 
tral question of what molecules actually 
caused a particular cell in the embryo to 
decide or to know that it belongs to say 
head or tail region of the future animal 
or the leaf or root of the plant. With the 
growing realization that like all other 
things in living organisms, the devel¬ 
opment was also under genetic control, 
a geneticist would approach this issue 
by inducing random mutations in genes 
and identifying, not only the gene that 
has mutated but also the consequence of 
that mutation on the phenotype of the 
individual. It is this approach that led the 
three Nobel-prize winning scientists to 
provide the first insights into the complex 


signalling and regulatory events that 
‘teir the undifferentiated cells to be 
committed to and follow a particular 
path of differentiation during early em¬ 
bryonic development. 

To appreciate and understand the 
significance of these two paperswe 
need to briefly look at the way the Dro¬ 
sophila embryo develops (it is interest¬ 
ing to note that the basics of Drosophila 
embryology were properly understood 
only because of these and other subse¬ 
quent papers, yet to understand these 
papers today we first need to look at 
what was historically learnt later: this 
highlights the farsighted intuition of 
these scientists as well as the power of 
genetic analysis). Unlike any other well- 
studied case of embryonic development, 
the Drosophila embryo follows a very 


unusual pattern of cleavage divisions 
during which only the nucleus divides 
repeatedly without any cell division; 
this results in a syncitial blastoderm 
stage which quickly cellularizes. This is 
followed by the demarcation, along the 
anteroposterior axis, of the repeating 
units of a defined number of body seg¬ 
ments (parasegments) with the visible 
segment boundary bisecting each 
parasegment. As a result, each anatomical 
segment includes the posterior half and the 
anterior half of consecutive parasegments. 
Depending upon the antero-posterior and 
dorso-ventral coordinates, cells in each 
half (compartment) of the segment are 
committed to generate specific adult 
structures. A variety of genetic studies had 
established that even at the syncitial blas¬ 
toderm stage, much before the morpho- 
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logical segments become apparent, each 
nucleus ‘knows’ its location in the embryo 
and also what its ‘fate’ is going to be when 
the cells begin to differentiate. The time 
gap between this ‘commitment’ and 
‘differentiation’ can in fact be several days 
long. The basic question of how the nuclei 
in the syncitial blastoderm of Drosophila 
‘know’ their location and their fate was 
addressed through genetic studies. 

Although Lewis worked much earlier 
than Niisslein-Volhard and Wieschaus, 
the genes that Lewis studied are called 
upon their duties later in embryonic 
development than the sets of genes de¬ 
scribed by the other two. Niisslein- 
Volhard and Wieschaus argued that 
genes that control early embryonic de¬ 
velopment (and thus affect the critical 
determination events), if mutated, 
should cause malformed embryos and 
therefore be embryonic lethal. There¬ 
fore, they generated, through conven¬ 
tional mutagenesis procedures, a large 
number of random mutations in Droso¬ 
phila genome and selected those that led 
to death of embryos. A simple micro¬ 
scopic examination of these dead em¬ 
bryos helped them determine the defect 
in the normal developmental pattern and 
thereby decipher the role of the mutated 
gene in the process (see Figure 1). In 
summary, Niisslein-Volhard and Wi¬ 
eschaus showed that three sets of genes 
are sequentially activated after fertiliza¬ 
tion: i) the ‘gap’ genes define by their 
expression three major domains 
(anterior, middle and posterior) along 
the length of the embryo so that a muta¬ 
tion in any of these genes resulted in the 
loss of a contiguous series of structures 
along the antero-posterior axis; ii) the 
‘pair-rule’ genes, working after the 
‘gap’ genes, commit the nuclei to one of 
the 14 repeating segments along the 
length of the syncitial blastoderm: these 
were called ‘pair-rule’ genes since they 
seemed to work in alternate segments 
and a mutation in any of these genes 
caused alternate, odd or even-numbered, 
segments to be defective, and iii) the 
‘segment-polarity’ genes which finally 
commit a blastoderm nucleus to the 
anterior or to the posterior compartment 
of a given body segment so that a muta¬ 
tion in any of these genes disrupts the 
polarity in each segment. These three 
sets of genes thus were shown to 
‘instruct’ the blastoderm nuclei their 
polar co-ordinates and thereby define 


segmentation of the body, much before 
we can actually see it. 

A parallel development around this 
time was the identification, again through 
mutational analysis, of a number of genes 
that were active during the period of 
oogenesis in the mother and whose prod¬ 
ucts were later shown to be very orderly 
localized in the egg cell; the products of 
these maternally acting genes behaved 
like the classical morphogens to directly 
activate the different gap genes in differ¬ 
ent domains of the fertilized egg and 
through them the later acting pair-rule 
and segment polarity gene cascades. 

The genetic system elucidated by 
Lewis comes into play after the above 
three sets of genes have carried out their 
work. Lewis worked with a very inter¬ 
esting family of mutations, designated 
by Drosophila geneticists as the 
‘Bithorax-complex’ (BX-C): this name 
was given since the flies that carried 
such mutations typically showed dupli¬ 
cation of the thoracic region (see Figure 
2). Such mutations belong to an interest¬ 
ing class, the homeotic mutations, a term 
coined by W. Bateson^ in 1894 
for malformations that substituted the 
pattern of one body region for another. 


Very early in the growth of Drosophila 
genetics, a number of homeotic muta¬ 
tions (e. g. the bithorax, aristapedia, 
proboscipedia) were identified. The 
existence of homeotic mutations signi¬ 
fied that certain genes ‘tell’ the cells at 
some stage of development as to whai 
they are destined to become and if , as a 
result of mutation, these genes gave a 
wrong instruction to a cell, the cell de¬ 
velops a different structure at a wrong 
place (the homeotic transformation). 
Thus such mutations provide an unique 
opportunity to ask what these genes 
‘tell’ the cell and at what time. Lewis 
approached this goal by analysing the 
large number of mutations that mapped 
to this locus and which transformed a 
thoracic or an abdominal segment of the 
fly into another in a complex but pre¬ 
dictable fashion. He had earlier shown 
that this locus is a complex locus being 
composed of several discrete genetic 
units (hence these individual units were 
initially termed ‘pseudoalleles’) which 
were very closely linked but each had a 
distinctive effect on the phenotype of 
thoracic and the abdominal segments. 
He summarized an enormous wealth of 
his own experimental data in the 1978 



Figure 2. A typical four-winged fly generated in Lewis experiments when certain bithorax 
mutant alleles were brought together in heterozygous combinations: such a combination of 
the mutant alleles lead to a homeotic transformation of the meta-thorax into meso-thorax 
so that the normally reduced second pair of wings (the halters) in the meta-thoracic seg¬ 
ment now develop into full wings like those in the meso-thoracic segment. 
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review published in Nature^ to show 
that the different genetic elements com¬ 
prising the BX-C control most of the 
body plan of the fly. He showed that a 
chromosome that had lost almost whole 
of the BX-C resulted in an embryo with 
all its body segments being similar (no 
abdominal segments are formed) and 
that addition of the different parts of the 
BX-C one by one can restore each seg¬ 
ment in a defined order. Lewis argued 
that his results demand that the BX-C 
contains a minimum of eight genes that 
‘code for substances controlling levels 
of thoracic and abdominal develop¬ 
ment’. A most remarkable point noted 
by Lewis was that the order of these 
genes in the BX-C was collinear with 
the structures along the antero-posterior 
axis of the fly controlled by them, Lewis 
also argued that each subsequent poste¬ 
rior segment of the body recruits the 
services of an additional genetic ele¬ 
ment in the BX-C linear array. Subse¬ 
quent studies (see ref. 4) at molecular 
and genetic levels, however, revealed 
that Lewis misinterpreted the cw-acting 
regulatory elements in the BX-C for 
structural protein-coding genes: the BX- 
C actually has only three structural 
genes but multiple cw-acting regulatory 
elements which are recruited in a serial 
fashion to activate one or more of the 
structural genes of the BX-C, each of 
which can produce more than one kind 
of message due to alternative process¬ 
ings of the primary transcripts. However 
this misinterpretation dotes not in any 
way undermine the far-reaching impli¬ 
cations of his conclusions that the BX-C 
genes specified the developmental 
pathways to build the characteristic 
pattern of the different body parts and 
that these genes worked locally. The 
BX-C and other homeotic genes (like 
the Antennapaedia-complex or ANTP- 
C) are also called as the selector genes 
which take over from the segment- 
polarity genes and select the specific 
structures that each compartment has to 
elaborate as the embryo continues its 
development"^. 

While working with BX-C, Lewis did 
face intellectual opposition from con¬ 
temporaries since the genetic organiza¬ 
tion of BX-C defied the then held be¬ 
liefs about a ‘gene’: some mutations 
mapping to this locus suggested that the 
whole system of the bithorax genes was 
integrated while others pointed to exis¬ 


tence of separate and separable elements 
of function. Unmindful of criticisms and 
scorn of some contemporary molecular 
biologists, Lewis pursued the task of 
understanding the system of bithorax 
genes which resulted in his great 1978 
paper. An interesting point mentioned 
by Peter Lawrence in his introduction to 
the historic 1978 Nature paper by Lewis 
in a collection of ‘Outstanding Papers in 
Biology’^, regarding the publication of 
this paper is worth noting. To quote 
Lawrence^, ‘A publication from Ed 
Lewis is an unusual and special event. 
In the past 40 years his papers have 
been few, and their originality and idio¬ 
syncrasy has found them natural homes 
in unrefereed conference reports. In 
1978, I had a “phone call from him to 
ask for help in submitting a new paper 
to Nature - an article which would 
consist of a ‘review’ of a vast amount of 
Lewis’ own unpublished work”. Peter 
Lawrence urged the Nature to ‘snaffle’ 
the paper without question and to pub¬ 
lish it unrevised, lest the quibbles over 
details may cause the paper to be sent 
elsewhere or even delay it for a decade! 
As Lawrence further notes ‘it is just the 
kind of contribution that the modern 
system of reviewing, with its rigid con¬ 
ventions and predilections against 
imaginative speculation, would censor. 
We should all be glad that Nature de¬ 
cided to publish it.’ 

How did these papers dealing with 
‘pure’ genetics stimulate such a global 
interest? In 1978, when Lewis had pub¬ 
lished his paper, few could appreciate 
the import of his speculative conclu¬ 
sions (e. g. William McGinnis, one of 
the discoverers of the ‘homeobox’ (see 
later), notes^ that the Lewis paper ‘is oft 
cited but rarely read in its complex en¬ 
tirety’). Fortunately for Niisslein- 
Volhard and Wieschaus, the scientific 
community in the early eighties had 
become receptive to prospects of genes 
controlling development and also this 
community was now ready to look at the 
genes from the molecular point of view. 
Combining the powers of ‘formal’ ge¬ 
netics with recombinant DNA technol¬ 
ogy, it was soon possible to clone some 
of these ‘developmental’ or ‘segmenta¬ 
tion’ genes and to ask more directly how 
did they function. Consequently, it was 
possible to understand the biochemical 
bases for the observed effects of the vari¬ 
ous segmentation gene mutations charac¬ 


terized by Niisslein-Volhard and Wi¬ 
eschaus and to verify the inferences drawn 
by them from their mutational analysis. 

The most impact-making discovery 
that followed from these papers in the 
early eighties was the finding of a short 
stretch of highly conserved DNA se¬ 
quence in the coding regions of a num¬ 
ber of homeotic and segmentation 
genes. This sequence, aptly termed the 
‘homeobox’ (denoting its association 
with the homeotic genes), provided a 
plausible biochemical function for the 
action of the homeotic genes whose 
products now appeared to be DNA- 
binding transcriptional regulators. Dis¬ 
covery of the ‘homeobox’ was a prelude 
to a flood concerning homeobox genes 
and homeodomain proteins, a flood that 
has channelled into a steady river of 
homeo-publications, fed by many tribu¬ 
taries^. Quickly, the homeobox was 
making its appearance in genes from as 
diverse organisms as man, mouse, chick, 
frog, sea urchin, nematodes and even 
plants (see ref. 6). Its high degree of 
conservation provided a simple handle 
to clone the developmental genes from a 
large variety of organisms and for many 
a biologist (as well as the common man 
since this topic had become the subject 
of newspaper and magazines in the 
eighties), the homeobox was (somewhat 
mistakenly!) equivalent of the Rosetta 
stone, the universal genetic key to body 
plan. The most remarkable fact that 
emerged from these studies was that the 
organization of the homeotic genes like 
the BX-C and ANTP-C in Drosophila 
and their counterparts in other organ¬ 
isms (including man) was identical. 

These studies thus led to the emergence 
of the fundamental concept that in all or¬ 
ganisms, the events of differentiation and 
pattern formation result from cascades of 
activity of specific groups of homologous 
genes which sequentially ‘tell’ the cells of 
their spatial and temporal co-ordinates and 
accordingly each cell gets committed to a 
particular path of development. Most of 
these genes produce transcription factors 
that regulate the expression of other genes. 
These studies showed that, as in any lan¬ 
guage a limited set of alphabets are used to 
create an endless variety of words and 
expressions by varying their combinations, 
in the biological system also, a limited 
number of regulatory genes can be used to 
generate a large array of patterns by ex¬ 
pressing in different combinations in dif- 
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ferent cells along the antero-posterior and 
dorso-ventral axes. 

Ever since Thomas Hunt Morgan in¬ 
troduced the fruit fly or Drosophila to 
genetics early in this century, this small 
insect has been central to the growth of 
the subject of genetics and thereby to 
many fundamental concepts in biology. 
It is interesting to note that Morgan 
himself was an embryologist who turned 
to genetics with a view to understanding 
the central issues of development and dif¬ 
ferentiation. Although by 1913 Morgan 
gave up ‘efforts to deal simultaneously 


with genetics as transmission and genetics 
as development’^, it is interesting to note 
that Morgan’s objective of understanding 
development in terms of genetics has 
finally been achieved and the power of 
this approach been duly recognized by 
this year’s Nobel prize in Medicine. 
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CORRESPONDENCE 


If education is important, so must be the teachers! 


I applaud the Indian Academy of Sci¬ 
ences’ effort of exercising themselves 
on an important aspect of education in 
our country. In fact it is basically the 
stony silence of the ‘intelligentsia’ of 
our country that has left most of the 
matters that concern our lives in the 
hands of politicians, bureaucrats and 
judiciary. The result is there for all of us 
to see. The Academy’s effort is thus 
very welcome. 

I believe, however, there is need to 
look at another essential, complemen¬ 
tary question, Le. what sort of facilities 
should be provided to the teaching pro¬ 
fession so that teachers become effec¬ 
tive instruments in translating good 
ideas into reality. 

Two major causes of the progressive 
deteoriation of education in universities 
in our country are: 

(i) teaching has never been given a 
place of pride in hierarchy of jobs in 
terms of salary and service benefits, 

(ii) there is rampant corruption in 
educational institutions in matters of 
selection and promotion of teachers, 
organization of research, etc. 

The following suggestions are worth 
considering: 

(1) An Indian Educational Service 
(lES) for college and university teachers 
and equivalent state-level educational 


cadres for school teachers be created, 
making it the BEST public sector job in 
terms of salary and service benefits. The 
necessity of making such jobs the best in 
the country can hardly be overempha¬ 
sized if the nation really feels that impart¬ 
ing education and science education in 
particular is of utmost importance for its 
growth—^more important than handling 
bureaucratic and law-and-order problems. 

2. The pay-scales of teachers at all 
levels be time scales whereas promotion 
to higher cadres be made on periodic 
evaluation of their work by the peers 
drawn from as distant quarters as pos¬ 
sible. Simultaneously, new posts be 
created for fusing young talented people 
from outside. This is, in fact, the proce¬ 
dure followed in research institutes and 
to some extent in colleges but not in the 
Universities! The present practice of 
putting people into available posts in 
the Universities has led to immense 
intra- and inter-departmental anomalies 
and only encourages servitude, favourit¬ 
ism and corruption at the cost of sound 
work-culture. 

A minimum set of criteria, generally 
agreed upon, be insisted as requisite for 
promotion to various cadres. This 
should also include the students’ 
evaluation of the teachers to be sent 
directly and confidentially to the evaluat¬ 
ing authorities, say Vice-Chancellors in 


case of the Universities and inspectors 
in case of schools. 

The whole point is that a teacher 
should be assured of his growth in the 
cadre only through his positive contri¬ 
butions to the system like teaching, re¬ 
search, commitment towards social is¬ 
sues, taking care of the overall growth 
of student life in the institutions, etc. 

We should all accept that despite the 
likes of Raman, Ramanujam, Bose, Saha 
and Bhabha or various science institu¬ 
tions of repute, science has not really 
become a part of our culture. Our cul¬ 
ture still continues to be dominantly 
feudal and colonial, denying all that 
science in spirit and form stands for. 
Resurrection is only possible through a 
sound educational system and that in 
turn requires a competent class of teach¬ 
ers at all levels taking pride in their 
profession. This requires a system that 
we lack so far. This is where Govern¬ 
ments and intellectuals can come in to 
help erect it. Good players in good 
playing conditions will, by definition, 
make a good game. Can we ensure it ? 

Lambodar P. Singh 

Department of Physics, 

Utkal University, 

Bhubaneswar 751 004, India 
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India’s scientific community: A cultural crisis? 


A. N. Mitra 

Over the last 15 years, the state of sci¬ 
ence in the country has been under in¬ 
creasing scrutiny at major academic fora 
- the Indian National Science Acad¬ 
emy ^ Indian Academy of Sciences^, the 
Indian Science Congress sessions^, pe¬ 
riodic DST status reports"*^ and Seminars 
in the Society for Scientific Values^. 
The theme has almost invariably been 
the same: There is little qualitative im¬ 
pact of Indian Science on the interna¬ 
tional field despite proliferation in the 
number of papers published in various 
journals. This, in turn, is a direct reflec¬ 
tion on the state of ‘University educa¬ 
tion in science’ in the country. The pre¬ 
amble for such discussions has always 
been predictable: What has gone wrong 
since Independence in a country which 
can rightly boast of the pioneering 
achievements of Bose, Raman and Saha, 
all done indigenously in this very at¬ 
mosphere? And let there be no mistak¬ 
ing the extreme poverty and the conse¬ 
quent non-existence of the so-called 
‘facilities for scientific research’ pre¬ 
vailing in those times, and which the 
modern generation of academics and 
professional workers never tires of 
complaining about. Indeed, the great 
achievements of these giants in the pre¬ 
independence days, sitting in this very 
soil, as distinct from the equally im¬ 
pressive successes of their ‘provasi’ 
counterparts (Bhabha, Chandrasekhar), 
would even tempt one to wonder if there 
is any other ‘mystery’ apart from 
‘funds’ which lies at the root of 
‘success’ in a scientific endeavour. Ra¬ 
manujan was of course a ‘class’ by him¬ 
self, and cannot be understood in 
‘rational’ terms. One must, of course, 
hasten to make a prior allowance for a 
fortuitous circumstance which existed 
70 years ago, viz,, the state of flux that 
science, especially physics, was under¬ 
going in those days when it was perhaps 
easier for a single individual to make a 
decisive impact on the international map 
than it is today. Yet a closer scrutiny of 
the ‘nature’ and ‘thrust’ of their investi¬ 
gations strongly suggests the influence 
of an ‘indigenous’ culture that is quite 
independent of its western counterpart. 


despite the general background of West¬ 
ern Science, in which these investiga¬ 
tions had been carried out. This is es¬ 
pecially true of Bose’s great discovery 
which one may venture to guess would 
not have been easy to make in the then 
prevailing atmosphere of Western Sci¬ 
ence which had not (and still has not) 
recovered from the strongly 
‘deterministic philosophy’ of the nine¬ 
teenth century, and was very much ‘ill 
at ease’ with the new paradigm that had 
been thrust on it by half a dozen western 
minds in quick succession (Planck, 
Einstein^, Rutherford, Bohr and de 
Broglie). (In this connection I am re¬ 
minded of a remark by Abdus Salam in 
1970 (ref. 6), in the context of a dis¬ 
cussion on ‘symmetries’, namely, it is 
often easier and more natural for an 
easterner to appreciate the significance 
of concepts based on apparently 
‘conflicting’ ideas such as particle- 
wave duality than his western counter¬ 
part, and indeed went on to cite Bose’s 
great discovery of the very concept of 
indistinguishability as an example). 

Apparently there are vital ingredients 
(other than funds and facilities) in the 
indigenous cultures and traditions of a 
given community that go to make up its 
scientific ethos and values. 


Pre-independence scenario 

Now to come back to the question 
which has been bothering our academ¬ 
ics^"^, it is necessary that one must not 
fight shy of looking back to the pre¬ 
independence scenario for comparison. 
As long as the country was under the 
foreign yoke, the political atmosphere 
was such as to keep the academics and 
intellectuals confined to the portals of 
the modest university system for all it 
was worth. The foreign government was 
simply not interested in making use of 
our scientific talent for genuine devel¬ 
opmental purposes (except perhaps for 
occasionally hiring some scientists for 
help in their war efforts). Nor were the 
members of the scientific community 


anxious on their own in offering their 
services to the then government against 
the emotional tide of the freedom 
movement. The safest abodes for their 
intellectual pursuits under the circum¬ 
stances were thus necessarily the edu¬ 
cational institutions which also ‘housed’ 
the sciences in a modest way in the ab¬ 
sence of alternative, exclusive, abodes 
of scientific pursuits (with rare excep¬ 
tions like the Indian Association for the 
Cultivation of Science, the Bose Insti¬ 
tute in Calcutta and the Indian Institute 
of Science in Bangalore). The result: 
whatever little (?) output came out of 
this system was truly indigenous and 
this included the signal contributions of 
the giants noted above. 

The ‘culture’ of these educational 
institutions in the pre-independence 
days was also quite different from what 
it is today. The ‘ambitions’ of the teach¬ 
ers were confined to their modest aca¬ 
demic pursuits which included offering 
their best attention to their students, as 
if they were their own children, and not 
from any sinecure motives. (I have seen 
my late father (Jatindranath Mitra) 
spending hours together with his stu¬ 
dents at home, over and above the lim¬ 
ited hours spent with them at his Ramjas 
College, with the sole incentive if any 
being one of ‘competition’ with sister 
institutions for his students’ perform¬ 
ance at the University examinations, as 
if their successes were his own! Any 
other motive, especially the ‘tuition’ 
motive which is so prevalent today, was 
simply unthinkable then). No wonder, 
the students got their academic dues 
without ever asking for them, but more 
importantly, this kind of gurukul atmos¬ 
phere had a profoundly salutary effect 
on their moral fabric which they were to 
propagate later to their progeny. The 
seminal researches of Bose-Raman-Saha 
were already ample evidence of the mod¬ 
est but indigenous research atmosphere 
present in the then University educational 
system pioneered by great visonaries like 
Asutosh Mukherjee (Calcutta), Madan 
Mohan Malviya (Banaras) and the Maha¬ 
raja of Mysore, all of whom took great 
personal interest in bringing together 
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bright young workers and encouraging 
them in their efforts. 

Post-independence: Decline of 

university system 

This ‘garden atmosphere’ was however 
too Utopian to survive the economic 
challenges of the post-war era which 
also happened to coincide with the post- 
Independence era. With the dawn of 
Independence, our founding fathers 
rightly stressed the need for rapid indus¬ 
trial development, seeking to compress 
as it were the two centuries of Industrial 
Revolution in the West to at most a few 
decades. This new emphasis called for 
fresh priorities with its inevitable im¬ 
pact on the society. In this review, we 
are however concerned with only some 
aspects of this impact on a small but 
vital section of the society which is 
supposed to nurture science through a 
sound educational system. In the new 
dispensation of the then government, 
the universities found themselves sud¬ 
denly reduced to the status of ‘second 
class’ institutions, as if to contradict the 
very noble sentiments of no less an 
authority than Jawaharlal Nehru on the 
true role of a university in a free society 
as the symbol ‘for compassion, for rea¬ 
son, for the adventure of ideas and gen¬ 
erally for the onward march of the na¬ 
tion towards still higher objectives^’. 
Not that there was any deliberate at¬ 
tempt to downgrade the universities, but 
in the then nascent atmosphere, their 
social status registered a sharp decline 
in the face of a new ‘cultural revolution’ 
caused by the creation of a chain of 
government-sponsored organizations 
such as the CSIR, ICAR, ICMR, AEC 
and the various national laboratories 
under their respective jurisdictions on 
the pattern of their British counterparts. 
The external symptom of this develop¬ 
ment was a sudden imbalance caused by 
the outflow of talent towards these new 
pastures at the immediate cost to the 
educational institutions which had hith¬ 
erto been their traditional abodes, as 
well as fountainheads for the supply of 
intellectual and scientific talent in any 
country, but the negative effect pene¬ 
trated much deeper (see below). 

Now the growth of government- 
sponsored scientific organizations is 
inevitable in any developing society and 


their creation on the British pattern can¬ 
not be faulted on intrinsic grounds. In¬ 
deed in the post-war era, a similar de¬ 
velopment was also noticeable in the 
French System under the CNRS and like 
organizations^. However, unlike in 
Britain or France where the firm tradi¬ 
tion of liberal intellectual values has 
always ensured a steady supply of a 
sizeable fraction of the intellectual 
cream of the society within their uni¬ 
versity systems without fear of any ma¬ 
jor depletion of talent, a phenomenon of 
this nature proved much too harsh for 
the delicate educational structure of this 
country in the nascent atmosphere pre¬ 
vailing in the post-independence period. 
And to make things worse, there was no 
evidence of a corresponding degree of 
concern in this country for countering 
the impact of this new culture through 
suitable checks and balances. Instead 
there was just a one-way development: 
The discovery of new form of ‘glamour’ 
in these prestigious institutions in the 
Indian context tended to attract the sci¬ 
entific manpower to the new environ¬ 
ment by way of better economic and 
social prospects, while on the psycho¬ 
logical plane, it had a negative effect 
which should have been anticipated: A 
‘devaluation’ of the University system 
through the implied perception of a sort 
of ‘poor cousin’ status for the latter in 
the eyes of the society at large. Unfortu¬ 
nately the government made no effort to 
introduce any corrective measures 
against such an obvious imbalance 
which was to have a long-term detri¬ 
mental effect on their healtliy growth in 
the new scenario. For on the one hand 
the University system now found a ma¬ 
jor rival claimant for the modest state 
support that it had hitherto been used to, 
with the greater part of the available 
funds for development being diverted to 
National Institutions now manned by 
people identified as the ‘top scientists’ 
in the country many by whom had little 
actual contact with teaching at the brass 
tack levels. On the other hand, the visi¬ 
ble indifference of these new ‘managers 
of science’ towards the problems of 
their ‘poor cousins’ (presumably for 
lack of any direct experience with the 
working of these institutions) generated 
a psychological feeling of social inferi¬ 
ority within the university community, 
to such an extent as to generate a genu¬ 
ine desire among its smarter members to 


migrate from the university system to 
‘new pastures’, e.g., ‘abroad’. Thus, far 
from strengthening the fabric of the 
educational structure, the new policy of 
the government seemed to be tanta¬ 
mount to ‘allowing’ the traditional edu¬ 
cational institutions to ‘decay with time, 
when its long-term concern should have 
quite the opposite, vzz., a continuous 
generation of scientific talent which 
only the latter could provide for a 
steady flow of scientific manpower for 
the expanding organizational activities 
in science and technology. Incidentally, 
this ‘decay’ has been strictly at the 
qualitative level, for with the passage of 
time there has been a steady prolifera¬ 
tion of the number of universities in the 
country, almost in tandem with the in¬ 
crease of U. N. membership during the 
same period (while the FIVE permanent 
members of the Security Council dictate 
the deliberations and decisions). This 
fact, together with the utter frustration 
of the teaching community due to the 
lack of basic amenities for work, as well 
as of incentives for promotional avenues 
over the last three decades, has probably 
been the biggest single factor responsi¬ 
ble for the parlous state that the uni¬ 
versity system finds itself today. The 
peculiar form of ‘trade-unionism’ now 
witnessed in the educational institutions 
is hardly distinguishable from what one 
is normally accustomed to in the indus¬ 
trial sector, and is a far cry from their 
‘cloistered atmosphere’ of half a century 
earlier. In the public perception, the 
university system has now acquired the 
dubious distinction of a ‘second-class 
citizen’, what with the so-called 
‘promotional farce’ (especially in the 
professorship category) which has 
merely served to erode its credentials 
further. In all fairness though, the ques¬ 
tion of ‘which came first, the hen or the 
egg?’ remains at best a speculation. 

Degeneration of scientific man¬ 
power 

The above is only one side of the story, 
one accruing to a vital sector of the so¬ 
ciety, the university system, to the de¬ 
cline of the scientific enterprise in the 
country. The other side of the coin, the 
state of the scientific community which 
forms the bulk of the scientific man¬ 
power of the government-run institu- 


CURRENT SCIENCE, VOL. 69, NO. 10, 25 NOVEMBER 1995 


803 




COMMENTARY 


don, is no more rosy, if one has to go by 
the frequent concerns expressed by 
various Academic bodiescase stud¬ 
ies by professional experts^, as well as 
numerous expressions of public concern 
reported in various magazines and 
newspapers in recent times under titles 
like ‘tragic gap’ [ed. Indian Express 
3.2.95 ], ‘plight of scientists’ [Times of 
India, 11.3.95], to mention a few sam¬ 
ples. (This is hardly surprising, since 
after all, the ‘timber’ of scientific man¬ 
power in the country comes from the 
same stock as can be supplied by the 
educational system itself, irrespective of 
whether the initial advantage of the for¬ 
mer was at the cost of the latter). The 
laments -expressed in these media col¬ 
umns, including some^® from members of 
the general public, are mere variants of a 
common theme: ‘a moribund state of 
science in the country’. The symptoms 
span a whole range of factors, both spe¬ 
cific and non-specific. Some items are^®: 

(1) A lack of sensitivity (of authori¬ 
ties?) in identifying and encouraging 
scientists; 

(2) Failure of senior scientists to 
champion the cause of their junior col¬ 
leagues; 

(3) Public unawareness of the re¬ 
search-funding policies. As a result, 
huge grant sanctions are often based on 
political clout of the scientist in an at¬ 
mosphere of corruption and sycho- 
phancy at the bureaucratic level; 

(4) Lack of peer support of upcoming 
young scientists due to the reluctance of 
the top rung of scientists to encourage 
talented and ambitious youngsters 
(barring some genuine cases). This 
stems from a sense of insecurity (born 
out of their own inadequacies, lack of 
commitment and complacency). The 
resulting effect is a gradual extinction of 
the ‘flames of scientific temper’ in the 
young minds through a denial of access 
to facilities, and/or only short-term sup¬ 
port to their research. 

(5) Callous attitude of officials in the 
Alma Maters of young scientists, result¬ 
ing in delay of sanctions, bills settle¬ 
ments, etc, so that the finance and pur¬ 
chase sections decide the time table. 

The common refrain of most of these 
complaints is a pitiful lack of ‘funds and 
facilities’, together with a very unjust 
form of distribution which leaves this 
meagre resource in the hands of a small 
but influential group which would resist 


any sharing of scientific power down 
the line. Underlying this refrain is an 
implicit belief that the amount of any 
worthwhile research output is directly 
proportional to the available funds and 
facilities, as if to suggest an exclusion 
of all other factors! This is certainly an 
oversimplification but it goes to show 
how deeply the malaise has penetrated 
the psyche of the average scientific 
worker. The kind of research that is 
directly proportional to the ‘fund avail¬ 
able’ is still quite substantial in this 
country, as a recent discussion in one of 
the premier Academies^ would suggest, 
but how much qualitative impact it 
makes on the international scene, is 
anybody’s guess, despite our claims to 
the possession of the fourth largest sci¬ 
entific manpower in the world. Appar¬ 
ently some other vital element/elements 
conducive to the growth of a healthy 
science are also involved. 

Role of ^national ethos’ in the 
growth of science 

What is this vital element/elements? 
Perhaps a single phrase in which it/they 
can be summarized is a sense of 
‘national ethos’ which binds a great 
nation together in terms of its different 
components, scientists included. Indeed 
it does not take too much scrutiny of the 
scientific achievements from any great 
country which has made a sizeable im¬ 
pact on international science (UK, USA, 
USSR, France, Germany, Italy and Ja¬ 
pan) to convince oneself of the ‘sense of 
belonging’ of its scientists as its na¬ 
tionals trying to project the work of 
their colleagues as if it were their own. 
And this stance is visible quite naturally 
and spontaneously, without the slightest 
effort at any ‘pretence’. Any member of 
our scientific community who has inter¬ 
acted with his/her ‘foreign’ counterpart 
will not fail to testify to this common 
characteristic which binds them to¬ 
gether, transcending the international 
character of science. One would also 
discern a broad degree of ‘cultural 
similarity’ as well as a sense of national 
solidarity in their respective publica¬ 
tions (as revealed by their referencing 
patterns, among other things). This is 
not to say that scientific pursuits in 
these countries are free from problems, 
but they are of other types (also present 


in our system) and their identifications, 
and solutions are at least not hampered 
by the ‘cultural identity’ problem. 

Let us now compare the correspond¬ 
ing scenario in our country. To keep the 
record straight, there is no question of a 
sense of national identity not existing at 
the socio-political level (in the face of 
any external threat, we are all one), but 
are we equally sure that the same degree 
of ‘cultural solidarity’ obtains within 
the subsystem of the scientific com¬ 
munity (which after all is not threatened 
by an external enemy)? Despite possible 
protestations to the contrary, the answer 
seems to be an emphatic ‘no’. And the 
evidence lies not just in the relatively 
innocuous fact of our scientists being 
more comfortable with their activities 
when they ‘go abroad’ with obvious 
attractions on both the economic and the 
‘fund-cum-facility’ fronts (this is 
merely an external symptom, not a 
cause), but rather in their very attitude 
of indifference to a sense of cultural and 
ethnic togetherness compared to their 
more successful western counterparts. 
This attitude is more easily noticeable in 
the themes and referencing patterns of 
their publications which evince an un¬ 
mistakable tendency to ‘lean’ towards 
western thoughts even for mundane and 
routine ideas, and often show a ten¬ 
dency to ignore similar work emanating 
from their compatriots, in favour of 
corresponding references from more 
‘visible’ western colleagues. This may 
well be due to a feeling of insecurity 
bom out of a lack of confidence in in¬ 
digenous research output, but it has the 
effect of snowballing into a peculiar 
‘collective culture’ in which the indige¬ 
nous component becomes the victim. It 
may be argued that since basic science 
is international in character and there is 
only one accepted theory by and large, 
such an attitude is unexceptionable vis a 
vis the theme of a paper. While this is a 
priori a very powerful argument, it is 
not free from limitations, for the same 
logic should also apply to the various 
other nationalities in western science. 
Yet one invariably notices some distinct 
‘nationalistic’ flavours (American, 
Russian, Italian, Japanese, etc.) in their 
respective |)ublications, despite a com¬ 
mon pursuit of international science. 
The only sensible answer to this para¬ 
dox lies in the simple fact that within 
the broad framework of ‘accepted sci- 
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ence’, there is plenty of scope for di¬ 
versification of ideas designed to ad¬ 
dress limited sectors of investigation, 
and it is through such possibilities that 
one often arrives at ‘new’ insights on an 
‘old’ problem. There is good reason to 
believe that such ‘insights’ have a sort 
of ‘regional character’ reflecting the 
‘national ethos’ of the investigators 
concerned. And in any case it is difficult 
otherwise to account for the fact that 
most original discoveries have emanated 
from one or more of these individual 
countries, with their clear imprints, and 
very rarely on a ‘multinational’ basis. 

To illustrate the nature of these 
‘insights’, one invariably finds an ab¬ 
stract (often mathematical) flavour in 
Russian and French research publica¬ 
tions, in contrast to a more practical 
‘applicational’ orientation in their Brit¬ 
ish and American counterparts. German 
and Italian Physics which used to be 
oriented towards the abstract and appli¬ 
cational respectively in the pre-war 
days, have undergone drastic changes 
since then, with a certain degree of in¬ 
termixing of the two, probably as a re¬ 
sult of the traumatic effects of the War 
on their respective social structures. The 
Japanese ethos, on the other hand, 
shows an interesting transition from the 
Eastern abstractness of the pre-war 
physics (Yukawa, Tomonaga and espe¬ 
cially the Nagoya Group) to an applica¬ 
tional (bordering on engineering) orien¬ 
tation, especially since the War, perhaps 
symbolizing a collective national effort 
for ‘catching up’ with the western na¬ 
tions on the technological front; yet the 
key element has been unmistakably a 
collective nationalistic ethos. 

Against this backdrop it is interesting 
to ask if any collective ‘nationalistic 
ethos’ is noticeable in the Indian con¬ 
text, even after half a century of the 
post-independence period. The charac¬ 
teristic imprint of ‘Eastern Thought’ 
was clearly visible in the pioneering 
researches of Bose, Raman and Saha, 
carried out in the ‘splendid isolation’ of 
their respective environments. It would 
be idle to ask if there was evidence of 
any ‘national identity’ under the shadow 
of a foreign ruler, but the themes of 
these papers were ‘characteristically 
Indian’ which did not prevent them 
from having a decisive bearing on the 
international frontiers of physics. True, 
it was a period of upheaval in Physics 


when it was getting reshaped in tune 
with the new realities, and when the 
chances of making a significant impact 
due to individual efforts were a maxi¬ 
mum. However, it is interesting to ask if 
a ‘Bose’ or a ‘Raman’ could have made 
a similar discovery in the present envi¬ 
ronment of science in the country after 
50 years of independence when our 
‘Eastern’ philosophy should in all fair¬ 
ness have crystallized into a well- 
defined ‘national ethos in science’, as in 
the more ‘mature’ countries of the west. 
One major problem he would face is the 
enormous growth of Physics since the 
consolidation of Quantum field theory 
(though the current state of this theory 
is again in a state of flux !). The more 
serious handicap for him would be cul¬ 
tural: he would find himself as a ‘Rip 
Van Winkle’ with no trace of the in¬ 
digenous scientific culture that he had 
(perhaps inadvertently) initiated 70 
years ago, in today’s ‘voo-doo’ atmos¬ 
phere which pervades every section of 
the society, science included, making it 
virtually impossible for any well- 
defined indigenous culture, scientific or 
otherwise, to evolve. True, in the new 
world order some degree of intermixing 
of cultures of the East and the West is 
inevitable, yet it is fair to say that by 
and large, the cultural identities of the 
major nations have not been lost in the 
process. 

Decline of cultural values 

So, where do we stand in this new sce¬ 
nario? More pertinently, how did this 
remarkable increase of entropy in our 
‘science culture’ come about? While 
part of the reason must be attributed to 
the worldwide phenomenon of increased 
mobility in the post-war period which 
has led to a considerable intermixing of 
scientific and cultural values, one sus¬ 
pects that there must have been other 
important factors without which it 
would have been difficult to account for 
such a qualitative transformation in a 
country of India’s size and diversity 
which has maintained its cultural iden¬ 
tity over centuries. One major factor 
that may stand some repetition in retro¬ 
spect is the government’s (short¬ 
sighted?) perspective for ‘development 
in a hurry’ by indiscriminately drawing 
on the Nation’s ‘intellectual reservoir’ 


(the Universities) without a balancing 
concern for the long-term effect on the 
cultural health of the nation. This was 
done by declaring its dependence on the 
scientific community to be sure, but the 
actual implementation came about 
through a hurried ‘patronage’ to a few 
‘top scientists’ (chosen arbitrarily) in a 
‘nascent’ atmosphere where the Soci¬ 
ety’s perception of a healthy balance 
between its scientific manpower and a 
sound educational base to generate it 
had not had time to crystallize. Now, 
while the choice of a ‘Bhabha’ to initi¬ 
ate the Nation’s atomic energy pro¬ 
gramme would be deemed unexception¬ 
able even after 50 years today, the arbi¬ 
trary choice of many others as ‘science 
managers’ led to a visible imbalance in 
the educational and scientific commu¬ 
nity then at a crucial stage of evolution. 
Among various fallouts, a ‘competitive’ 
phenomenon was discernible, with some 
senior academicians leaving their natu¬ 
ral habitats (viz., the universities) for 
similar (lucrative?) placements with the 
government. From the long-term per¬ 
spective of a healthy growth of the edu¬ 
cational system in the country which is 
the fountainhead for the supply of sound 
scientific manpower on a continuing 
basis, such an episode, right at the dawn 
of independence, had a profoundly 
negative effect on the traditional image 
of an ‘ideal society’ normally associated 
with the pivotal role of the ‘universities’ 
in projecting this noble image. Indeed, 
in the eyes of the academic community, 
especially of the younger generation, 
this transformation which put the glam¬ 
orous image of the Science Manager 
above the low-profile picture of the 
‘teacher’ working in an educational 
institution was tantamount to a repudia¬ 
tion of its traditional value system, the 
long-term effect of which may be partly 
captured by the spirit of the following 
poem due to Robert Browning (?) on the 
occasion of William Wordsworth’s ap¬ 
pointment as Poet Laureate of England: 

‘Just for a handful of silver he left us; 

Just for a riband to stick in his coat. 

Got only one of which fortune bereft us; 

Lost all others she lets us devote. 

They who had gold to give doled him 
out silver; 

How all our copper had gone for his 
service.’ 

In the Society’s perception, such a 
lopsided perspective at the very dawn of 
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independence, without a corresponding 
corrective measure to ensure that no 
damage was caused to the long term 
health of the educational system, set the 
tone for defining the relative priorities 
for development of the universities vis a 
vis governmental organizations, and 
indeed repudiated in the process the 
lofty ideals set out by Jawaharlal Nehru 
himself^ on the role of the universities 
in building up the mental health of the 
Nation. Once the relative priorities were 
so defined, the subsequent evolution of 
the university system (vis a vis the sci¬ 
entific organizations under government 
charge) took its natural course where 
‘shortage of funds’ for scientific educa¬ 
tion was but a symptom of the many 
consequences to follow. And if the then 
Society accepted this ‘value system’ 
without proper scrutiny of its long-term 
effect on itself, (since in the ultimate 
analysis the health of the scientific 
manpower would be determined by that 
of its basic source-the university sys¬ 
tem), it is merely the price of a costly 
mistake made half a century earlier that 
we are paying today in more ways than 
one. 

Perhaps the biggest casualty of this 
lopsided value system was its failure to 
develop some well-defined ‘schools of 
thought’ with a characteristic Indian 
flavour, for which the best breeding 
ground is the university system itself. 
Of course, there had been attempts to 
develop such schools on a localized 
scale, but these pockets did not live 
long enough to grow into an all- 
embracing ‘Indian ethos’ of the type 
discernible in the more successful west¬ 
ern societies noted above. With the 
‘individualistic ethos’ that have charac¬ 
terized our scientific community (in 
company with the rest of our country¬ 
men, as Gandhiji had recognized well 
enough to advocate basically small scale 
industries!), the more ‘influential’ 
among them merely took advantage of 
this lop-sided value system to promote 
their individual career interests through 
lobbying with the appropriate authori¬ 
ties in a well-defined hierarchy (Science 
managers for the middle level scientists; 
the political authorities for the top 
rung). Apparently, the sole criterion of 
scientific ‘visibility’ lay in some sort of 
State recognition (in the form of na¬ 
tional awards, higher placements, etc). 
Others with more conservative forms of 


ambition for visibility in science often 
chose to look for more suitable oppor¬ 
tunities abroad. And all this transition 
occurred before the scientific commu¬ 
nity in the country had reached a critical 
size, not just in numbers but in quality, 
which is a standard bulwark against any 
major scientific injustice or aberration 
in any ‘mature’ nation. No wonder, the 
degeneration into such an ‘opportunistic 
atmosphere’ was not conductive to the 
evolution of a holistic scientific culture, 
and the same got progressively reflected 
in more ways than one. A major signa¬ 
ture has been the publication pattern of 
our scientists which have shown a 
strong tendency to routinely follow 
western ideas howsoever trivial, even in 
mundane theoretical investigations, 
while in the experimental areas of ap¬ 
plied science the themes have often no 
relevance to the needs of their local 
environments. In either field there is 
little sign of effort to develop an indige¬ 
nous culture as is normally understood 
in a western science community. Instead 
one witnesses a hybrid ‘value system’ in 
which a desperate cultural dependence 
on ‘Western’ science for research ideas 
has come to be matched by an equally 
compulsive culture of sychophancy with 
which the members of the upper eche¬ 
lons of the scientific community ‘look’ 
to the ‘authorities’ for security of their 
own positions of power and influence, 
while those in the middle levels in turn, 
are only too eager to pay court to their 
‘superiors’ for sheer survival. This typi¬ 
cal scenario, which is reminiscent of the 
political culture in the country as a 
whole, has got perpetuated in the failure 
of a strong ‘scientific constituency’ to 
develop as a natural custodian of moral 
and scientific values in any country. 
Such a body which evolves gradually in 
a mature educational and cultural base, 
did not have enough time to crystallize 
in a healthy manfier in the atmosphere 
prevailing in this country. We now have 
a ‘Society for scientific values’ which 
periodically ‘assesses’ the moral and 
cultural health of the scientific com¬ 
munity, but it comes too late in the day 
(and with too little mandate to do any¬ 
thing but scratch the external surface of 
the malady) for a meaningful impact on 
the health of this community to day. 

Strangely enough, the hazards of too 
much dependence on the western envi¬ 
ronment have lately started telling on 


the more ambitious among Indian sci¬ 
entists who have been experimenting 
with a scientific career abroad. An in¬ 
teresting study by an eminent scientist 
and his colleague living abroad^ ^ reveals 
that after the first two stages (pre- and 
post-doctoral) in US universities and 
scientific institutions which the young 
Indian worker finds extermely satisfying 
for his knowledge, and rewarding for his 
career, there begins a long period of 
professional frustration for the more 
ambitious among them who have an 
urge to compete for professional rec¬ 
ognition with their western counter¬ 
parts. No wonder many of these NRIs, 
including scientists, are now anxious to 
come back to play an active role in the 
Indian scenario (including the setting up 
of an ‘ideal’ science university ?), per¬ 
haps after tasting the limits of 
‘intellectual satisfaction’ available from 
the West, vis a vis their personal ambi¬ 
tions. It is precisely in such situations 
that the true significance of a character¬ 
istic (national) ethos, something that is 
naturally present in the western system 
but has somehow got short-circuited 
within the Indian scenario in the process 
of ‘evolution in a hurry’, comes out in 
bold relief. 

To keep the perspective right, it will 
be a gross oversimplification to claim 
that Indian Science has scored no visi¬ 
bility at all since independence, for the 
Nobel recognition of Subramanian 
Chandrasekhar a few years ago stands 
out loud and clear, despite the techni¬ 
cality of the citizenship anomaly. 
Among other pioneering achievements 
in recent times which have helped put 
India on the world map are those of 
G. N. Ramachandran (Tripfle helix), 
S. Chandrasekhar (Liquid crystals), 
A. S. Paintal (Science of breathlessness) 
and C. N. R. Rao (Surface chemistry) to 
name a few. Again, in the area of the 
theoretical sciences (mainly physical) 
there are a few institutions of science, 
mostly outside the university system, 
where good quality work has attracted 
‘proper recognition’ in the interna¬ 
tional scientific community, in the 
sense of a “Conformity with ‘normal 
standards’ prevailing today in the in¬ 
ternational field”, but nothing more 
concrete can be claimed in this regard. 
These are indices of better ‘funding 
and facilities’ in improving the quality 
of work in a standard institution whose 
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‘cultural base’ continues to ‘look west’ 
for fresh ideas. However, considering 
the vast potential of the scientific 
manpower in the country, a growth of 
much bigger dimensions would have 
been expected. This brings back the 
bigger question of the possibility of 
cultivating a more indigenous scien¬ 
tific culture (for which the intellectual 
‘software’ can come only from our own 
educational system) and which alone 
can hold out the prospects of generat¬ 
ing ‘fresh ideas’ indigenously without 
the compulsion of ‘looking west’. 

Indigenous scientific ‘hardware’: 
AEG and ISRO 

For a comparison of this scenario on 
‘cultural software’, with the correspond¬ 
ing scenario on the technological front, 
it is useful to keep on record that at 
least one area in which a centralized 
command (under an ideal leader - Homi 
Bhabha) has paid off quite handsomely 
is a successful development of an in¬ 
digenous culture in the atomic energy 
research programme which has grown 
from strength to strength over the dec¬ 
ades since independence and has now 
developed a strong infrastructure which 
is not only largely self-contained but 
has been continuously expanding its 
activities in several dimensions to gen¬ 
erate appropriate spin-offs without ex¬ 
ternal support. The international stature 
of this organization today owes much to 
the single-minded devotion of Bhabha’s 
able followers like Raja Ramanna and 
his colleagues who have put this country 
on a firm footing on the world map. In 
parallel with the AEG, the sister Organi¬ 
zation of ISRO which has also indige¬ 
nously developed an equally viable in¬ 
frastructure to put this country on the 
world map on the space front, owes much 
to the original vision of Vikram Sarabhai 
and the sustained and dedicated efforts of 
Satish Dhawan and his able colleagues. 

The AEG and ISRO are examples of 
what may be called typically ‘Indian 
ethos’ developed through truly indige¬ 
nous efforts. Their infrastructures are 
sound examples of technological self- 
reliance which by their very nature 
could not have materialized without a 
highly organized structure, which in 
turn was possible only under a unitary 
command with direct government con¬ 


trol, in company with corresponding 
structures in developed countries. 


State of scientific ‘software’ 

Vital as these organizations are for the 
health and security of the nation, they 
are nevertheless a modest fraction of the 
nation’s scientific and technological 
‘agenda’ which span a whole gamut of 
basic and applied sciences. It is also 
possible to argue that any worthwhile 
research efforts in today’s state of the 
art in applied sciences requires a con¬ 
siderable degree of organized effort and 
planning. Moreover, since the infra¬ 
structural facilities for such activities 
cannot be duplicated at will (because of 
the high cost of installation) their use 
must also be centralized as far as possi¬ 
ble, which explains the emergence of 
specialized centres like the NSG (with 
facilities like pelletrons). Similarly, 
major experimental laboratories for 
specialized researches in well-defined 
areas (such as the GMRT) are all ‘hard 
science’ activities which necessarily 
require a high degree of organized and 
dedicated effort. 

The main concern in this review, on 
the other hand, is not so much an in¬ 
digenous infrastructure of scientific 
‘hardware’ (AEG, ISRO, etc), crucial as 
it is for the Nation, as is the develop¬ 
ment of an indigenous software in the 
basic sciences for which the traditional 
breeding ground has been the university 
system in any country, developed or 
developing. It is here that one does not 
need any high degree of organization 
which may well be counterproductive! 
On the other hand, its relatively infor¬ 
mal atmosphere provides the best soil 
for a gradual and spontaneous evolution 
of a healthy scientific culture which can 
be truly claimed as our own. Unfortu¬ 
nately in this field, our performance has 
been dismal for, not to speak of generat¬ 
ing an ‘indigenous’ flavour, as in most 
successful nations, it has not even pro¬ 
duced a well-defined ‘composite’ fla¬ 
vour after fifty years of independence, 
and the blame for this must be laid at 
the door of our educational policy 
which simply failed to take off, and 
whose worst victims have been the uni¬ 
versity system. This in turn has affected 
all sectors of the scientific and indus¬ 
trial base, in both basic and applied 


sciences, as a result of the ‘poor soft¬ 
ware’ produced at source! There is no 
dearth of quantity - about 4000 PhDs 
per annum - but this itself is more of a 
liability than an asset, in the absence of 
a ‘sense of direction’. As found in a 
recent survey^, this community is beset 
with a sense of frustration due to loss of 
self-esteem, lack of intellectual stimula¬ 
tion due to erosion of knowledge base, 
and a general sense of inadequacy with 
the environment. All these (and more) 
are the bane of the typical average sci¬ 
entist of today who has been variously 
depicted as a ‘holy cow’ and a ‘fall guy’ 
with a poor image of himself, whose 
labour is unrecognized and his achieve¬ 
ments ignored. An analogous picture is 
also discemable in the general public’s 
perception^^. 

As against this plight of the average 
scientific worker, the scientific culture 
of the higher echelons among them pre¬ 
sents a different kind of scenario, as 
succinctly described by P. K. Das, Edi¬ 
tor, Society for Scientific Values, in 
some recent issues of its bimonthly 
newsletter^^’^^. In a candid though sa¬ 
tirical exposition, the distinguished 
meteorologist^^ expresses the view that 
Indian Science is badly afflicted with 
the so-called ‘publicity disease’ among 
its senior and ‘high profile’ practitio¬ 
ners. In his view, this disease has con¬ 
siderably eroded the real scientific base 
of the country by sending the wrong 
signals to the upcoming scientists. 
Without going into specific examples 
(several of which are of recent origin), it 
is perhaps fair to comment that there is 
nothing intrinsically wrong in wanting 
quick publicity - this phenomenon is 
quite universal the world over, provided 
the claim for priority is endorsed by the 
scientific community of the worker 
through a journal publication and/or 
exposure through a conference presen¬ 
tation. Indeed it is precisely in such 
situations that the advantages of a 
‘national ethos’ become quite crucial 
since the projection of such results be¬ 
fore the wider world becomes the pri¬ 
mary responsibility and initiative of our 
own scientific community itself. How¬ 
ever, if the work is of a secondary na¬ 
ture, which is more often the case, he 
must accept the initial disadvantage of 
‘missing the primary bus’ and forgo any 
claims to instant glamour/kudos before 
doing a more substantial (yet secondary) 
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investigation, which usually is a time- 
consuming process with little chance of 
instant success. Indeed it is up to the 
senior members of the scientific com¬ 
munity to ensure such conformity to the 
accepted norms of a mature scientific 
society so as not to send the wrong sig¬ 
nals to the younger members of the 
community as to the correct scientific 
perspective. 

P. K. Das’s second article^^ discusses 
the ‘glamour’-oriented high profile be¬ 
haviour of the higher echelons of our 
scientific community at the taxpayer’s 
expense, such as (i) travelling from air¬ 
port to airport to inaugurate symposia in 
five-star hotels (with speeches written 
by someone else); (ii) running down the 
work of others in their regional net¬ 
works: (iii) and even indulging in subtle 
forms of plagiarism. An intriguing form 
of the last type shows up as ‘an unduly 
servile attitude towards scientists from 
countries other than one’s own’-quote 
from ref. 13. On the other hand, from 
the higher ups one often hears the oft 
repeated phrases like ‘Scientific temper’ 
and ‘Excellence in science’, as if to 
bring out rather tellingly a sort of in¬ 
verse relationship between preaching 
and practising, much like two canoni¬ 
cally conjugate (complementary?) vari¬ 
ables in physics! One hardly hears of 
such phrases in the western societies 
where the ‘scientific temper’ is a routine 
matter for practice, not for publicity. 
Why is it the other way round in this 
country of ours? Otherwise it is again 
difficult to understand why a ‘John 
Maddox’ has to be periodically im¬ 
ported into this country every ten years 
(roughly coinciding with the Golden 
and Diamond Jubilees of our premier 
Academies) just to give a pat on the 


back of our ‘scientists’, or a ‘certificate 
of merit’ through the columns of Na¬ 
ture. In no other country with a mature 
tradition of science would such self- 
appointed angels be allowed to exercise 
such uncalled-for patronage. On the 
other hand, it is surprising how much 
can still be done in this very country by 
purely Indian efforts, if only the right 
kind of encouragement were provided. 

Summary and outlook 

This somewhat repetitive analysis was 
designed for a panoramic view as to the 
nature of the disease which the scien¬ 
tific community suffers from today, one 
that is intimately linked with (i) the 
educational system which simply failed 
to inculcate the proper sense of values 
in the initial stages of development, and 
(ii) with the work culture of the scien¬ 
tific and technological institutions at the 
later stages of development of the sci¬ 
entific worker. On both fronts he finds 
himself completely lost in today’s sci¬ 
entific labyrinth which seems to be go¬ 
ing in tandem with the political atmos¬ 
phere in the country. The scientific 
community is merely a part of our big¬ 
ger society which has been witnessing a 
steady deterioration of our basic value 
system - a sort of ‘systems failure’ from 
which no part of the society can remain 
immune. The only difference is that 
greater maturity and self-restraint would 
have been expected of the upper eche¬ 
lons of the scientific community which 
after all represents the ‘cream’ of the 
society. One hopes that all is not lost 
yet, for there are definite indications of 
renaissance in the major disciplines of 
science through the coming up of a new 


generation of workers with the right 
credentials, with good prospects of their 
numbers exceeding the critical size, so 
as to serve as the Conscience of the 
Scientific community of the future, as 
well as a watchdog against the kind of 
aberrations that have been witnessed 
during the ‘transition decades’ since 
Independence. 


1. Quality of Scientific Journals in India, 
INS A, April 1993. 

2 . University Education in Science, Indian 
Acad. Sci., Dec. 1994. 

3. Srivastava, P. N., Presidential Address, 
I. S. C. A., 1993. 

4. Challenging Areas in Physical Sci¬ 
ences, DST, July, 1990. 

5. Accountability in Scientific Research, 
SSV, New Delhi, 1995. 

6 . Abdus Salam, in a private conversation 
with the author, 1970. 

7. The full text of Nehru’s statement ap¬ 
pears on the panelled wall of UGC’s 
Conference room no. 114 in Delhi. 

8 . Sundaram, C. V., Curr. Sci., 1993, 64, 
210 . 

9. Nagpaul, P. S., NISTADS report Char¬ 
acteristics of Scientific Potential in 
Academia, 1994. 

10. Sridhara, S., What ails science, Indian 
Express, Bangalore, February 11, 1995. 

11. Mahajan, S. M. and Sudarshan, E. C. 
G., Curr. Sci., 1995, 68, 1260. 

12. Das, P. K., On the art of jumping on a 
bandwagon, Soc. Sci. Values Newslet¬ 
ter, 1994, vol. 2, no 4. 

13. Das, P. K., On the art of doing nothing, 
Soc. Sci. Values Newsletter, 1995, vol. 
3, no 1. 

ACKNOWLEDGEMENT. I am grateful to 

Dr Raja Ramanna, Director, NIAS, for the 

warm hospitality of the Institute. 


A. N. Mitra is in the National Institute 
of Advanced Studies, Bangalore 
560 012, India. 


808 


CURRENT SCIENCE, VOL. 69, NO. 10, 25 NOVEMBER 1995 


SCIENTIFIC CORRESPONDENCE 


Ethephon enhances karaya gum yield and wound healing 
response: A preliminary report 


Table 1. Yield of gum karaya from control and ethephon-treated trees 


Distilled water control 

Ethephon-treated 

Total amount of gum 

Amount of ethe- 

Total amount of gum 

collected per tree (g) 

phon applied (mg) 

collected per tree (g) 

a 

390 

386.00 

12.50 

390 

185.00 

9.05 

190 

433.00 

a 

190 

48.00 

8-75 

285 

65.00 

a 

285 

211.00 

15.00 

285 

259.00 

11.30 mean 


226.71 mean 


a. Gum was not noticed; probably the lump had fallen* off before 
collection. 


Gum karaya (also known as gum ka- 
daya) is the whitish dry exudate from 
Sterculia urens (Sterculiaceae). It is one 
of the least soluble gums used for many 
industries such as petroleum and gas, 
textile, paper and pulp, leather and al¬ 
lied products, ammunition and explo¬ 
sives, electrical appliances, adhesives, 
confectionery, medicine, pharamaceuti- 
cals and cosmetics^ Karaya is also 
known by the name Indian tragacanth as 
it resembles gum tragacanth produced 
by Astragalus sp^. There is high demand 
for export of gum karaya from India. 
Yield of this gum has shown a phe¬ 
nomenal decrease from 6838 MT in 
1975-76 to 461.3 MT in 1990-91. Dur¬ 
ing this period the price has shot up from 
Rs. 7491 per MT to Rs. 83, 361 (ref. 1). 

The tree has a thick bark (2-3.5 cm) 
which appears whitish-pink on the out¬ 
side. Lysigenously formed gum ducts 
are present in the pith and cortex of the 
young stem^, but they are absent in the 
secondary phloem and wood. However, 
ducts are formed in the bark and wood 
in mature trees as a result of injury"^. 

Commercial tapping of karaya is done 
by blazing, peeling or by making deep 
cuts in the base of the bole with an axe. 
These methods are wasteful and injuri¬ 
ous to the trees, often leading to their 
death. On account of crude tapping 
methods, and over-exploitation, the 
population of karaya trees has markedly 
declined. In the absence of cultivation 
of the trees in regular plantations, there 
is grave concern about the loss of wild 
germplasm of S, urens. Presently, the 
Governtuents of Madhya Pradesh, Ra¬ 
jasthan and Uttar Pradesh have imposed 
a ban on tapping and collection of the 
gum karaya to allow recovery and re¬ 
generation of the trees. 

As gum karaya is vital for tribal 
economy and as its trade value is sub¬ 
stantial, there is a pressing need to de¬ 
velop a scientific and sustainable tap¬ 
ping method to increase the yield and to 
ensure the survival of the tapped trees. 
Here we present a simple and safe 
technique for tapping, with a substantial 
increase in the yield. 

Seven trees of various sizes and ages 
growing in a forest near Ghatti Village 


along National Highway No.3 in MP 
(about 25 km from Gwalior), India, 
were selected for experimentation. Us¬ 
ing a hand drill, 10 holes each of 5 mm 
diameter and 2-3.5 cm depth (based on 
the thickness of the bark) were bored on 
each tree around the stem at equal dis¬ 
tance, about 1 m above the ground level. 
The holes were angled towards the base 
of the tree to prevent backflow of the 
introduced solutions. Five consecutive 
holes were treated with ethephon (2- 
chloroethyl phosphonic acid) and the 
other five (opposite to the treated holes) 
were maintained as distilled water con¬ 
trols. One ml of ethephon solution 
(containing 190/285/390 mg of the active 
compound per ml) or 1 ml of distilled 
water was dispensed into each hole. 

Gum produced in the control and 
treated holes was collected after 30 and 
45 days of treatment and the data were 
pooled. The ethephon treatment resulted 
in an average increase of 20 times more 
gum than the control (Table 1). The 
total harvest from seven ethephon- 
treated trees tapped once was about 
1.5 kg of high-quality gum. There was a 
marked difference in the yield among 
individual trees, presumably due to het¬ 
erozygosity. 

Notably the control holes were com¬ 
pletely dry after 30 days, while the 
treated ones continued to secrete the 
gum. Histological exaniination showed 
that large gum ducts or cavities had been 
formed in the secondary phloem and 
wood, covering a radius of 2-3 cm around 
each hole in ethephon-treated trees. By 45 


days, a thick wound tissue had developed 
at the injured regions which nearly re¬ 
placed the damaged tissues. 

Ethephon is conventionally used to 
stimulate latex flow in para rubber 
{Hevea brasiliensis), resin enhancement 
in pines^, gum exudation in Prunus^, 
Acacia senegaf, Anogiessus latifolia^, 
Azadirachta indica^'^^ and increase the 
production of kino in Eucalyptus^^, 
gum-resinosis in Commiphora wightii^^ 
and Mangifera indica^^. Ethephon is a 
nontoxic, environment-friendly, inex¬ 
pensive and easily available plant 
growth regulator (PGR) manufactured in 
India and used extensively in agriculture 
and horticulture^'^"^^ Safe tapping and 
the use of ethephon for improving the 
yield would ensure sustainable supply 
of gum karaya. 

We are conscious that the sample size 
on which our observations are based is 
small. Further detailed studies are being 
carried out using larger number of trees 
from separate populations in different 
seasons to allow statistical assessment of 
the efficacy of this method. A recent 
trial with 17 trees has shown that gum 
yield is high with ethephons treatment 
even after 10 days. Efforts are being made 
to standardize the protocol, optimize the 
yield, and determine the long-term effects 
on the trees. Yields need to be compared 
with those from the traditional tapping 
methods. A detailed investigation on sus¬ 
tained yield, cost effectiveness, extent of 
injury, and wound-healing response of the 
trees is also being carried out to verify this 
preliminary finding. 
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Occurrence oi Botryococcus from the Lower Cretaceous rocks 
of Cauvery Basin, Tamil Nadu 


Botryococcus, an oil-producing colonial 
green alga, is generally known to occur 
in Tertiary and Quaternary rocks of In¬ 
dia. It is also reported from Permian 
sediments of India. 

In course of drilling for groundwater in 
the area, about 1.2 km west and 1.3 km 


north of Kattarambakam village of Vannur 
taluk, South Arcot district, Tamil Nadu 
(Figure 1), carbonaceous shale, sandstone, 
coal and clay were encountered. The paly- 
nological studies of the carbonaceous shale 
samples revealed the presence of abundant 
green dlga Botryococcus^. 

H 


Botryococcus is well preserved, 
honey yellow to brownish yellow in 
colour and occurs either as solitary 
autospores or bodies of two to four 
chambered cups (Figure 2) or as mul¬ 
ticup aggregates. The colonies are 
mostly botryoidal (Figure 2) or spheroi¬ 
dal in shape and range from 120 to 
160 |im in diameter. The diameter of the 
two- or four-chambered cups ranges 
from 16 to 28 \im (Figure 2). Further, it 
is also noticed that some of the colonies 
appear as irregular luiiips of varying 
dimensions (Figure 2). In the present 
assemblage the thimble (inner part of 
cup) invariably remained empty. 

Botryococcus is know to thrive in fresh 
to brackish shallow waters with undis¬ 
turbed conditions in the area of relatively 
low rainfall^. The excellent state of pres¬ 
ervation of all the developmental stages 
{Le. autospores, two-to-four-chambered 
cups and multicup aggregates) is indica¬ 
tive of rapid burial of this algal bloom in 
quiet shallow oxygenated waters without 
much transportation^’^. 

The qualitative analysis of the associ¬ 
ated miofloral assemblage revealed the 
presence of characteristic palynomorphs 
referable to Aequitriradites sp., Micro- 
cachryidites sp., Dictyosporites speciosa. 
Cicatrice sisporites australiensis, Ap- 
pendicisporites tricomitatus, Neorais- 
trikia sp., Cooksonites sp., Gothanipollis 


l^rlOOO 500 0 
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sp., Crybelosporites stylosus, Triporo- 
letes reticulatus and T. radiates (common 
occurrence) show a close resemblance 
with the Triporoletes reticulatus zone of 
this Botryococcus-htdsixig palynoassem- 
blage from Kattarambakam. 

Most of the fossil records of Botryo- 
coccus in India are from Eocene^"^, Mio- 
cene^~^ and Pleistocene sedimentsOc¬ 
currence of this alga is also reported from 
Permian rocks of India^^"^"^. The present 



record of Botryococcus from the Lower 
Cretaceous (Late Albian) sediments 
from Kattarambakam is significant for it 
is the first record of this alga from Cre¬ 
taceous of India. 
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Figure 2. Botryococcus showing different stages ol preservation: Solitary autospore (x 960); 
Two-chambered cup (x 960); Four-chambered cup (x 900); Botryoidal nature (x 450); Multicup 
aggregate (x 900); Abraded form (x 400). 


Enechelon faults along West Coast of India and their 
geological significance 


Subsequent to the advent of modern 
remote sensing technology, mapping 
and analysis of various lineaments and 
fractures and their correlation with geo¬ 
physical and ground geological data 
have become a matter of great interest to 
geoscientists. The West Coast of India 
is one such region which has always 
attracted the attention of geoscientists 
and many have studied the region. The 


significant amongst them are the studies 
by Jacob and Narayanaswamy\ 
Ramachandran^ and Nair\ Jacob and 
Narayanaswamy^ have observed that the 
Western continuity of the Palghat gap 
extends right up to 9° channel, separat¬ 
ing Laccadives and Maldives. 
Ramachandran^ has carried out very 
exhaustive analysis of lineaments by 
integrating total intensity aeromagnetic, 


Bouger gravity anomaly and Landsat 
lineament data sets. On the basis of such 
an integration, he has identified four 
sets of lineaments in WNW-ESE to 
NW-SE, NNW-SSE, N-S to NNE- 
SSW and NE-SW directions. 

Nair^ has carried out structural inter¬ 
pretation for the entire West Coast of 
India and brought out certain newer in¬ 
formation on the neotectonic activities. 
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Figure 1. IRS 1A Satellite imagery mosaic of West Coast of Kerala showing Pleistocene faults. 
1-6, lineaments/faults; Sinistral faults, A, Kasargod; B, Cochin; C, Cannanore; D, Mahe; E, 
Mysore; F, Kabbani river; G, Pandalayini; H, Ponneni river; I, Ootacamund massif. 


In the present study, I have filtered 
out only the lineaments showing clear 
shifting of beds in the coastal land- 
forms, which mostly fall in ENE-WSW 
direction. 

The interpretation of IRS lA satellite 
imagery data for the part of West Coast 
of Kerala and Karnataka, especially the 
area falling between Kasargod in the 
northwest and almost Cochin in the 
southeast (Figure 1), shows a set of 
ENE-WSW to NE-SW-trending sub- 
parallel lineaments, exhibiting clear 
sinistral shift of coastal land- 
forms/shorelines in the area. Amongst 
these lineaments/faults, most of them 
are continuing even up to 700 to 800 km 


in the continent with a clear northeast¬ 
erly swing. They also continue up to 
Laccadives and Maldives in the south¬ 
west with ENE-WSW orientation 
(Figure 2). 

1. The fault no. 1 trends in ENE- 
WSW direction with clear sinistral drag 
of beds in the coastal zone and coin¬ 
cides with the Lakshmithirtham linea¬ 
ment of Ramachandran^. 

2. The ENE-WSW trending fault no. 
2 of Cannanore region exhibits sinistral 
drag. 

3. The fault no. 3 is again an ENE- 
WSW-trending linear feature, extending 
from Mahe in the West Coast to Mysore 
in Karnataka, with the swing towards 


northeasterly. This sinistral coastal zone 
fault controls Kabbani river in the con¬ 
tinental part and is described as Kabbani 
lineament with dextral strikeslip configu¬ 
ration by Katz"^ and Drury and Holt^. 

4. The fault no. 4 shows sinistral 
shift of 5-6 km in the West Coast in 
Pandalayini area and merges with 
WNW-ESE trending Moyyar shear. 

5. The fault no. 5 trends in general 
NE-SW direction from Ponnani river 
mouth in the West Coast to Elagiri hills 
in the northeast. This also exhibits mi¬ 
nor sinistral shift of beds along Ponnani 
river mouth. It controls the Bhavani 
river and delimits the southeastern and 
southern boundaries of Ootacamund 
massif and Biligirirangan hills respec¬ 
tively. In its northeastern proximity, it 
forms the western limit of Javadi hills. 

6. The fault no. 6 is trending in NE- 
SW direction from Cochin in the West 
Coast to Coimbatore in the northeast 
where seismicity was reported in 1900 
(ref. 6). 

Most of the above observed sinistral 
strikeslip faults are found to extend 
right up to Laccadives and Maldives in 
the Arabian sea (Figure 2) and amongst 
these, the fault nos 5 and 6 are found to 
form 9° channel, separating Laccadives 
and Maldives. In addition to the above 
faults, few more sinistral strikeslip 
faults were also interpreted (fault nos 8, 

9 and 10, Figure 2). All these faults 
trend in NE-SW directron in the conti¬ 
nental part, take a swing towards west- 
southwesterly and finally ends in Lac¬ 
cadives and Maldives (Figure 2). Simi¬ 
lar to fault no. 5, the fault no. 7 ob¬ 
served south of Alleppey continues as 
8° channel in Laccadives, causing simi¬ 
lar sinistral shifts of land in Laccadives. 
All the above discussed ten faults have 
gradually shifted not only the West 
Coast of Karnataka and Kerala but also 
Laccadives and Maldives into an 
enechelon pattern (Figure 2). 

The above discussed six faults (nos 1 
to 6, Figure 1) and the other (nos 7 to 
10, Figure 2) system of faults have been 
demonstrated to be Precambrian dextral 
strikeslip faults in parts of Tamil Nadu 
and the adjacent states^’"^’^’^. 

Such Precambrian NE-SW-trending 
dextral faults swing towards westsouth- 
westerly, with sinistral strikeslip configu¬ 
ration in Kerala and Karnataka coast and 
in Laccadives and Maldives according to 
the present observations (Figures 1 and 2). 
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Figure 2. Off-shore and on-shore tectonic features of West Coast. 


Nair^ has also demonstrated clear Holo¬ 
cene earth movements along a few ENE- 
WSW faults in the coastal plains and also 
in the surf zone of Kerala coast in the 
form of lagoons, submerged platform, 
etc. He also extended few sets of ENE- 
WSW-trending Holocene faults right up 
to Laccadives and Maldives. 

But, Jacob and Narayanaswamy^ have 
extended the Palghat fault up to 9° 
channel in Laccadives and Maldives. On 
the contrary, the present study and also the 
studies by Nair^ advocate the possibility of 
extending only the ENE-WSW-trending 
fault right up to 9° channel and simi¬ 
larly the other faults up to Laccadives 
and Maldives. Ramasamy and Balaji^ 
have once again found that almost all the 


ENE-WSW-trending faults of Kerala 
and Karnataka are Pleistocene sinistral 
faults. Thus, it indicates that all the 
Precambrian NE-SW-trending regional 
dextral strikeslip faults of the continen¬ 
tal part have been transformed into 
Pleistocene sinistral faults in the West 
Coast. 

Ramasamy et al.^ have demonstrated 
an E-W-trending cymatogenic arch 
between Mangalore in the West Coast 
and Madras in the East Coast. Subrah- 
manya^^ too found an upward along 
Mangalore and Madras alignment. 

The integration of such an E-W- 
trending cymatogenic arch with present 
set of ENE-WSW to NE-SW-trending 
sinistral strikeslip faults indicates that 


these ENE-WSW trending sinistral 
faults of Kerala are referrable to Left 
lateral wrenches^\ And if so, the E-W- 
trending Mangalore and Madras arch 
and the sinistral strikeslip faults might 
have been formed due to the northerly 
directed compressive force which may 
be related to the movement of Indian 
plate towards Tibetan plate. 

The possibility for such northerly di¬ 
rected compressive force as a source to 
Mangalore-Madras arch has also been 
suggested by Ramasamy et al.^. 

An alternate model is also possible to 
explain these sinistral faults. Lepichon^^ 
has observed that the Carlsberg ridge is 
raising at the rate of 1 to 30 cm per 
year, thereby causing northeasterly di¬ 
rected force towards Indian subconti¬ 
nent. Radhakrishna ^ has observed 
NNW-SSE-trending onshore Quater¬ 
nary fractures in the West Coast of India 
and attributed the same to an ENE- 
WSW-trending post-trappean compres¬ 
sion. 

Ghosh and Zutshi^"^ have identified a 
number of NNW-SSE-trending conti¬ 
nental depressions, continental shelf 
arches and shelf margin basins (Figure 
2). All these observations suggest that 
the West Coast region is being subjected 
to ENE to northeasterly directed force 
due to the rise of Carlsberg ridge. 

This might have caused not only on¬ 
shore and offshore NNW-SSE-trending 
arches, deeps and flexures but also 
would have transformed the pre-existing 
Precambrian dextral faults into sinistral 
ones. However, the morphology and the 
dynamics of such coastal faults need 
deeper studies for a better understand¬ 
ing of post-collision tectonics. 
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Interpretation of nucleotide/protein sequence data: Some 
pitfalls 


Identification of unknown genes and 
their products by computer search have 
received high priority among molecular 
biologists. However, since biologists are 
not always computer analysts at the 
same time, there always exists a finite 
probability of making errors in analysing 
sequences and in interpretation of data 
which can easily be avoided with some 
advice from computer analysts. We 
would like to highlight some of the pre¬ 
cautionary measures that need to be taken 
to avoid the inherent pitfalls in sequence 
data and their proper interpretations. 

The worst and a very common source 
of errors in DNA sequences is the con¬ 
tamination of vector sequences arising 
during cloning and subcloning of DNA 
fragments. In 20,000 sequences in the 
GenBank 63 alone, more than 50 in¬ 
stances of cloning vector contamination 
have been detected^ In a smaller num¬ 
ber of cases the anomalous sequences 
might have arisen during editing, but in 
a majority of the cases, large blocks of 
vector sequences contaminated the ac¬ 
tual sequence. Incorporation of anoma¬ 
lous sequences, particularly in the cod¬ 
ing regions, not only hinders the rec¬ 
ognition of low-level homologies and 
consensus sequences, but can also ex¬ 
hibit false similarities with other se¬ 
quences, leading to erroneous conclu¬ 
sions. An example of such an error is in 
the nucleotide sequence of the recA 
gene of Vibrio cholerae^ published from 
our laboratory. While careful sequenc¬ 
ing of both strands and comparison of 
the sequence-based restriction maps 
with the map of the cloned DNA frag¬ 
ments might eliminate the problem, 
vector contamination can be easily and 


quickly detected and removed using 
computer programs that are now avail¬ 
able ^ The contamination can also be 
removed by comparing the sequence 
with the dataset of vector sequences 
available at the GenBank. 

‘Frameshift’ is another frequently oc¬ 
curring error in DNA sequences^’'*. This 
happens when a base is either missed or 
added during reading of sequencing 
gels. Posfai and Roberts^ have detected 
many such errors in EMBL (release 24) 
and GenBank (release 56) using the 
program DETECT, which examines 
alternative reading frames from related 
proteins. The program BLASTX"^’^ 
based on BLAST^ algorithm can also 
predict frameshift errors by comparing 
the translated nucleotide sequences from 
all six reading frames with a protein 
database. When the similarity to a pro¬ 
tein switches from one frame to another 
in the same strand of the query se¬ 
quence, there is definitely a frameshift 
error in the sequence"^. However, with 
the simultaneous translation and align¬ 
ment algorithms, proteins with > 30% 
sequence identity can be reliably rec¬ 
ognized even in the presence of 1% 
frameshifting error rates and 5% base 
substitution rates^. 

In nucleotide sequence analysis, un¬ 
known complete or partial open reading 
frames (ORFs) are often encountered 
along with the sequence of the gene of 
interest"^’^. These ORFs, overlooked in 
most cases by the investigators, might 
represent useful functions. Two compu¬ 
tational approaches are now used either 
independently or in combination to de¬ 
termine whether the overlooked putative 
ORFs are indeed bonafide genes^’"^’^. 


The first is an intrinsic approach, which 
distinguishes the coding regions from 
the non-coding ones on the basis of the 
statistical analysis of some parameters 
of the sequence without referral to any 
other sequence'^’^’^’^^. The software that 
has been extensively used for this pur¬ 
pose in human genome sequence analy¬ 
sis^ is GRAIL^\ which utilizes the sen¬ 
sor-neural network approach to evaluate 
the intrinsic properties of the DNA se¬ 
quence like frame bias, dinucleotide 
fractal occurrence, etc. This approach 
can also be used in the analysis of small 
genome after proper modification. Us¬ 
ing the GenMark method based on 
phased Markov Chain model, Boro- 
dovsky et al. predicted expressed ORFs 
in the unannoted regions of Escherichia 
coli genomic DNA from EcoSeq6 data- 
base^^. The second approach for predict¬ 
ing genes is extrinsic and involves com¬ 
parison of the putative deduced amino- 
acid sequence with protein sequence 
databases and searching for motifs'^’*. If 
the deduced amino-acid sequence of the 
putative ORF shows ‘significant’ simi¬ 
larity to one or more proteins in the 
database, it is almost certain that the 
putative ORF represents a bonafide 
gene. It may be pseudo- or cryptic gene, 
but is definitely not a part of non-coding 
region"^. Using these two approaches, a 
large number of new genes in the unan¬ 
noted regions of E. coli genome have 
been identified and searches for genes 
that have escaped detection so far in 
several other organisms are in progress. 

To search for homology of a newly 
generated protein sequence with other 
sequences, i.e. databank one or the other 
alignment programs are used^’ If 
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after suitable gaping more than 25% 
residues of two protein sequences 
longer than 100 residues are identical, 
they must be evolutionarily and/or 
functionally related^^. If the identity is 
between 15 and 25%, the sequences are 
considered to be marginally similar and 
in the language of computational biol¬ 
ogy, this range is known as ‘twilight 
zone’^^. Although this criterion of as¬ 
sessing ‘similarity’ between two se¬ 
quences is acceptable, a more rigorous 
approach is provided by the BLAST 
program^ where a probability factor (p) 
is assigned to each alignment, which 
decides whether the observed similarity 
between two sequences could have been 
obtained by chance"^. Usually p < 10“^ 
suggests genuine homology between 
two sequences and 10"^ <p<l0~^ 

constitutes the ‘twilight zone’"^. When 
the similarity between the two se¬ 
quences falls in the twilight zone, some 
caution should be taken to decide 
whether the sequences are genuinely 
related or the twilight alignment is an 
artifact. Ignoring alignments with 
p > 10“^ might eliminate the possibility 
of detecting false relatedness, but such 
stringent restrictions might hinder de¬ 
tection of weak but genuine relatedness 
between two sequences. What is rec¬ 
ommended in these cases is to check 
whether the alignment in the twilight 
zone is conserved in a protein family. 
The software MACAW^^ can detect 
subtle similarities between protein se¬ 
quences. 

Protein sequences which have ‘biased 
amino acid composition’ often generate 
erroneous conclusions regarding its 
relatedness with other proteins with 
similar type of bias. For example, heat- 
shock proteins have clusters of charged 


amino-acid residues^®, the human tran- 
scriptiop factors are rich in glutamine 
zinc finger proteins and homeo-box 
regions of DNA-binding proteins have 
bias towards positively charged amino- 
acid residues^®. If a new sequence has 
any of these characters, it will show 
similarity in the region of bias even 
when the proteins are functionally not 
related. This problem can be solved by 
filtering out the regions of bias before 
searching for similarity with other pro¬ 
teins. The program SEG can filter out 
the biased or ‘low-complexity’ regions 
from a sequence^. 

Computers function objectively and 
in computer searches there is no scope 
for prejudice that is often associated 
with experimental studies. This advan¬ 
tage of computational methods, the ex¬ 
plosive growth in sequence databases 
and the availability of a wide variety of 
analytical software packages have, in 
recent years, encouraged molecular bi¬ 
ologists to undertake computational 
analysis of nucleotide and protein se¬ 
quences to derive a variety of informa¬ 
tion. To exploit fully the sequence data 
it is, however, necessary to assimilate 
new approaches of computational meth¬ 
ods and this can only be realized 
through users having strong background 
not only in molecular biology but also 
in computers. 
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Fifty years of the exact solution of the two- 
dimensional Ising model hy Onsager 

Somendra M. Bhattacharjee and Avinash Khare 

The exact solution of the two-dimensional Ising model by Onsager in 1944 represents one of the 
landmarks in theoretical physics. On the occasion of the fifty years of the exact solution, we give a 
historical review of this model After briefly discussing the exact solution by Onsager, we point 
out some of the recent developments in this field. The exact solution by Onsager has inspired sev¬ 
eral developments in various other fields. Some of these are also briefly mentioned. 


1. Introduction 

It is usually said that every theoretical physicist must 
know (ideally must be taught) the landmarks of theoreti¬ 
cal physics. Some of these are: g-2 calculation in quan¬ 
tum electrodynamics, Onsager’s exact solution of the 
two-dimensional Ising model etc. It is our privilege to 
briefly discuss Onsager’s exact solution of the Ising 
model and its influence in the subsequent developments 
of statistical mechanics^ To appreciate why it is re¬ 
garded as one of the landmarks of theoretical physics, it 
is worth remembering that for a long time it remained 
the first and the only (mathematically 'rigorously) ex¬ 
actly solvable model exhibiting phase transition. Its dis¬ 
covery completely changed the course of development 
in statistical mechanics and also other areas of physics. 
Before Onsager’s exact solution, it was not clear if the 
formalism of statistical mechanics could handle phase 
transition. The solution established beyond doubt that 
phase transitions appear as singularities in the thermo¬ 
dynamic functions and these functions need not have 
simple discontinuities as hypothesized by Ehrenfest be¬ 
fore. Furthermore, of all the systems in statistical me¬ 
chanics on which exact calculations have been per¬ 
formed, the 2-dimensional Ising model is not only the 
most thoroughly investigated but it also the most pro¬ 
found. Its significance was instantly recognized. In this 
context we would like to recall the letter written by 
Pauli to Casimir immediately after the World War II. 
Casimir in his letter had expressed his concern about 
being cut off for so long from theoretical physics of al¬ 
lied countries. Pauli in his reply said ‘nothing much of 
interest has happened- except for Onsager’s exact solu¬ 
tion of the two-dimensional Ising model’^. 

The plan of the article is as follows: In §2 we first de¬ 
fine the Ising model and give an historical account of 
the various approximate solutions developed leading to 
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the exact solution of Onsager^ We shall also briefly 
mention the relevance of the model. A short sketch of 
the life and works of Onsager is given in §3. In §4 we 
review the exact solution of Onsager"^ and its impor¬ 
tance. Some of the open, unsolved problems are also 
mentioned here. It must be made clear here that our aim 
is not really to discuss the exact solution since there are 
several places where an excellent account has already 
been given. In §5 we discuss the various developments 
in this field which have been directly inspired or influ¬ 
enced by Onsager’s work. 

2, The model and its brief history 

The Ising model was in fact first written down not by 
Ising but by his thesis supervisor W. Lenz^ in 1920 who 
was then working in Rostalk University in Germany. It 
is somewhat unfortunate that the physics community has 
given him no credit for this work. This is perhaps be¬ 
cause even though Lenz introduced the model, he did 
not do any calculations using this model. It is perhaps 
worth recalling that Lenz is instead well-known for his 
work on Runge-Lenz vector in the context of the acci¬ 
dental degeneracy in the hydrogen atom problem. Lenz 
moved to Hamburg as professor in 1921. One of his first 
Ph D students was Ernest Ising who was born on May 
10, 1900. In late 1922, Lenz asked Ising to study his 
model and the phenomena of ferromagnetism. Ising 
studied the model and found its exact solution in one 
dimension and showed that there is no phase transition • 
from para to ferromagnetism^. Since then the model is 
known as the Ising model. Let us now briefly state the 
Ising model. 

The model 

It is a lattice model. Consider a <a?-dimensional periodic 
lattice ((i= 1,2,3,...) having an array of N fixed points.- 
The lattice may be of any type. For example, one could 
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have 3-dimensional cubic or hexagonal lattice. How¬ 
ever, we shall mostly considering the two-dimensional 
square lattice since it is for this that Onsager obtained 
his exact solution. With each lattice site is associated a 
spin variable Si (z = 1,2,..., N) which is a number being 
+ 1 or -1. If it is 1 or -1 we call it spin up or spin down. 
Clearly, a given set of numbers {5/} specifies a configu¬ 
ration of the whole system and that there are in all 2^ 
different configurations. The energy of the system in a 
given configuration Si is defined to be 

N 

E{S,} = -Y,JijStSj-BY^S,, ( 1 ) 

<ij> i=l 

where B is the external magnetic field. Usually one as¬ 
sumes that the interaction is isotropic (i.e. 7y = 7>0) 
and that there is only nearest-neighbour interaction. For 
example, for a 2-dimensional square lattice, the number 
of nearest neighbours is 4. Given the energy of the sys¬ 
tem, the goal is to compute the canonical partition func¬ 
tion (/?= where k is the Boltzmann constant and 

T is the temperature) 

Si S2 Sff 

and hence the thermodynamic properties, and to see if 
the model exhibits and phase transition at a finite nonz¬ 
ero temperature. In other words, in magnetic systems, 
each molecule has a spin that can orient up or down 
relative to the direction of the applied external magnetic 
field B. The question one would like to ask is if this 
model could lead to spontaneous magnetization i.e. if 
below a certain critical temperature Tc, M(B = 0, T) 
which is essentially same as the order parameter 
L(B = 0,T), is nonzero or not. Here the magnetization 
M{B,T) is related to the partition function by 

M(B,r)-+^[ln Q{B,T)]. 
oB 

It is worth pointing out here that the Ising model equally 
well represents a model for (i) binary alloys and (ii) lat¬ 
tice gas. Binary alloys are mixtures of two types of 
molecules (for example /?-brass has a cubic structure 
made out of Zn and Cu atoms) and the question is if be¬ 
low a certain temperature- Tc, there is a phase transition 
with atoms of the same type clustering together. On the 
other hand, in lattice gas models, one considers a mix¬ 
ture of molecules and holes (i.e. empty spaces) on a lat¬ 
tice and the question is if below Tc, there is a condensa¬ 
tion of molecules into one region of space and holes in 
the rest of the lattice? Yang and Lee^ discussed this 
model and gave a detailed mapping between it and the 
Ising model. It may be noted here that the lattice gas 
models are of relevance in the context of gas-liquid and 
liquid-solid transitions. We thus see that the study of 
the Ising model is of relevance in a number of phenom- 
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ena. Infact for / < 0, this model could very well repre¬ 
sent (I) antiferromagnetic ordering, (ii) superlattice 
structure in any alloy, and (iii) a solid-like arrangement 
of molecules with repulsive forces. 

A point in order at this stage. Many people tend to 
dismiss the Ising model as an over-simplified represen¬ 
tation of intermolecular forces. However the point to 
note is that the essential features of the cooperative phe¬ 
nomena (i.e. long range order), specially near do not 
depend on the details of the intermolecular forces but on 
the mechanism for propagation of long range order and 
Ising model offers much hope for an accurate study of 
this mechanism. 

Historical developments 

As mentioned above, Ising was able to obtain the exact 
solution of the model in 1-dimension^ and show that 
there is no phase transition at T 0. He then gave some 
arguments and erroneously concluded that even in two 
or three dimensions this model will not exhibit any 
phase transition. This dissuaded several people from 
working on this model and prompted Heisenberg^ to 
introduce more complicated vector interaction between 
spins known popularly as the Heisenberg ferromagnetic 
interaction. It is interesting to note that Ising seriously 
believed in his conclusions and felt very frustrated that 
the model has no usefulness and gave up physics re¬ 
search! Being a Jew, he was prosecuted in Germany and 
was dismissed from his job in 1933. He managed to run 
away from Germany and lived in Luxemberg from 1939 
to 1947. During all this time he had no contact with 
physics and lost track of future developments about the 
model. Only in 1947 when he went to USA to teach did 
he realize that his name has become immortal because of 
the work done by other people! 

Almost a decade after Ising’s work, Bragg and Wil¬ 
liams^ studied the model in the mean field approxima¬ 
tion. They were inspired by an earlier work of Gorsky 
The essential assumption here is that the energy of an 
individual atom in any configuration is determined by 
the average degree of order prevailing in the entire sys¬ 
tem rather than by the fluctuating configurations of the 
neighbouring atoms. Clearly, this approximation is exact 
in the limit J -> «?. One of the serious criticisms of this 
approximation is that it is independent of the dimension 
d. This approximation predicts a phase transition in the 
Ising model at finite T for any d which is clearly wrong 
for d = 1 as one knows from Ising’s exact calculation. 

Soon afterwards, Bethe^^ improved upon the Bragg- 
Williams approximation by treating somewhat more ac¬ 
curately the interaction between the nearest neighbours. 
It turns out that this approximation is in fact exact for 1- 
dimension and hence does not predict phase transition at 
any finite nonzero T while for 2 and higher dimensions, 
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it does predict spontaneous magnetization. Soon afterwards, 
Peierls^^ wrote a paper entitled ‘On Ising’s model of ferro¬ 
magnetism’ in which he gave a simple argument showing 
that at sufficiently low temperature, Ising model in 2 or 3 
dimensions must exhibit spontaneous magnetization. It 
turned out much later that his argument involved an incor¬ 
rect step^^ but nevertheless, the conclusion and the general 
procedure are correct. This was an important step, and the 
method is used even now in various situations. 

The first exact quantitative result for the 2-dimensional 
Ising model was obtained by Kramers and Wannier (see 
ref. 15) when they located the transition temperature by 
using the symmetry of the two-dimensional lattice to re¬ 
late the high- and low-T expansion of the partition func¬ 
tion. On February 28, 1942 there was a meeting of the 
New York Academy of Sciences in which Wannier gave a 
talk on this work. At the end of his talk, Onsager made a 
remark announcing that he has been able to obtain the 
exact solution of the 2-dimensional Ising model for a 
square lattice and without external magnetic field. It is 
very significant though, that he published his results in a 
journal only two years later. In fact this was always his 
style. He could see through the math and get the final re¬ 
sult but was careful to publish his results only after he had 
satisfactorily settled all the mathematical questions. 


3. Onsager - His life and works 


such example below. He would call himself a chemist but 
truly speaking he was one of the last true universalists of 
this century. For more information see ref. 14. 


4 Onsager’s exact solution of the 2-D Ising model 


To appreciate Onsager’s exact solution, it is worth re¬ 
calling the work of Kramers and Wannier^^’^^ before 
Onsager where they showed that the partition function 
for this problem can be written as the largest eigenvalue 
of a certain matrix. Onsager’s method was similar to 
these authors except that he emphasized the abstract 
properties of rather simple operators rather than their 
explicit representation by unwidely matrices. It must be 
said here that his method is highly nontrivial and compli¬ 
cated. Actually his derivation can be easily followed step 
by step but the overall plan is quite obscure. Since a 
simplified version as given by Bruria Kaufman^^ has been 
discussed at a number of places including textbooks we 
shall merely quote the result. Onsager showed that the 
canonical partition function Q(B = 0,T) in the limit 
N -^oo is given by 


lim In 2(5 = 0, T) = ln(2 cosh(2 QJ })+— f d<b 

2tz Jo 

In ^^1 + -y/l-K^sin^(j)^, 


(4) 


Lars Onsager was born at Oslo in 1903. Even though he 
got his degree in chemical engineering in 1925 he de¬ 
voted most of his time to studying math and physical 
sciences. In 1931 he wrote two monumental papers in 
Physics Review about reciprocal relations in irreversible 
processes. Eventually, for this work, he received Nobel 
Prize in Chemistry in the year 1968. The Nobel citation 
noted that the publication (two papers in Physical Review 
of length 22 and 15 pages) was one of the smallest ever to 
be awarded a Nobel prize! In 1933 he was offered the 
Sterling post-doctoral fellowship at the Chemistry De¬ 
partment of Yale University. But there was one small 
problem. Onsager had never written his Ph D thesis! He 
was persuaded to write one which he did on the properties 
of Mathieu functions. This work is recognized as one of 
the significant contributions to the subject. In 1934 he 
became the faculty member of the department. From 1944 
till his retirement in 1972 he occupied the J. Willard 
Gibbs chair of Theoretical Chemistry at Yale University. 
In 1972, he moved to Miami University where he worked 
in the Centre for Theoretical Studies till his death in 1976. 

During his entire career, Onsager only published about 
60 papers but each was an important one published only 
after he was fully satisfied with its significance and its 
mathematical rigour. Many a time he announced his re¬ 
sults in conferences as a remark after some talk but pub¬ 
lished the results much later or never did! We will see one 


where k = 2 sinh (2j3 J)/cosh^ (2/3 7). From here it fol¬ 
lowed that the specific heat C{B = 0,T) defined by 

C{B,T) = k^^^[\nQ{B,T)\ ( 5 ) 

dp 


diverges logarithmically at T —> Tc where is given by 


tanh-^ = ^ = 2.269185 

kT^ V2 J 


( 6 ) 


For comparison, kTJJ is predicted to be 4 and 2.88 in 
the mean field and the Bethe approximations respectively. 

Over the years, several alternative simplified methods 
have been given but all of them are quite involved and 
lengthy. Bruria Kaufman^^ gave a simplified proof 
which is based on spinorial representation of the rota¬ 
tion group and it is this proof which is essentially given 
in K. Huang’s book on statistical mechanics. Further, 
using Onsager’s proof, the exact partition function and 
hence other properties of several other 2-dimensional 
lattices have been deduced. Finally, Onsager and Bruria 
Kaufman^^ calculated spin correlation functions 


Further developments 

To justify calling the phenomenon at T=T^ a phase 
transition, one has to examine the long range order i.e. 
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spontaneous magnetization and show that it is nonzero. 
This is a very difficult calculation since it has to be done 
with B (but could be small) at the beginning of the 
calculation and finally putting it equal to 0 at the end of 
the calculation. On August 23, 1948 there was a talk by 
Tisza at Cornell University. At the end of the talk, On- 
sager walked up to the blackboard and coolly announced 
that he and Bruria Kaufman had solved this problem and 
they indeed found that the long range order is nonzero. 
Infact he even wrote down the formula on the black¬ 
board. He repeated his comments at the first postwar 
lUPAP conference on Statistical Mechanics at Florence 
in 1949 after a talk by Rushbrook. However, Kaufman 
and Onsager never published their calculations; they 
only appeared as a discussion remark^^. In print the first 
full calculation was in fact published by Yang^°. Why 
did Onsager not publish his results? Years later, only in 
1969 did he give the reason. In computing the long 
range order, Onsager was led to a general consideration 
of Toeplitz matrices but he did not know how to fill out 
holes in the maths - by the time he did, mathematicians 
were already there! What Onsager and Yang had ob¬ 
tained was that as T goes to from below, the long 
range order L(B = 0, T) is given by 

L{B = Q,T) (7) 

while it is zero if T approaches from above. It may be 
noted here that both the mean field and the Bethe ap¬ 
proximation predict completely wrong behaviour i.e. they 
predict that L will go like These approxima¬ 

tions do not also reproduce the logarithmic divergence of 
the specific heat. This difference with the approximate 
theory is rather important. One realizes that near Tc the 
nature of singularity is rather subtle. No matter what ap¬ 
proximation one does, short of an exact solution, one 
never gets the log. This drives home a point that singular¬ 
ity is due to certain special circumstances that get killed 
by the approximations. It was several years later, that it 
could be identified as the effect of fluctuation, as reflected 
through fluctuation-response theorem. The universality of 
various phase transitions comes from the nature of fluc¬ 
tuations. It is the renormalization group approach devel¬ 
oped by Kadanoff, Wilson and others, that gave the 
proper framework to handle fluctuations^\ 

Unsolved prdblems 

To appreciate how nontrivial Onsager’s exact solution 
of the 2-dimensional Ising model was, let us remember 
that till today the exact solution of the 2-dimensional 
Ising model in nonzero external magnetic field has not 
been obtained. Further, the 3-dimensional Ising model 
with or without external magnetic field is also an un¬ 
solved problem. Similarly the 2-dimensional Ising 
model with any additional interaction (as, e.g., nearest 
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and next-to nearest neighbour interactions) is also an 
unsolved problem. However special cases like the three- 
spin interaction on a triangular lattice can be solved^^. 

5. Influence 

Let us go back to the paper and discuss some of the de¬ 
velopments where the 1944 paper played a direct role. 

Duality 

Duality between high temperature and low temperature 
for the Ising partition function was known before the 
Onsager Solution. However, Onsager used it to the full¬ 
est extent and introduced the idea of star-triangle (ST) 
transformation that could be used to solve the triangular 
lattice problem. The existence of duality is important 
because ‘it always converts order into disorder and vice 
versa’"^. Since the low temperature ordered phase is 
characterized by an order parameter, it seems possible to 
define an analogous quantity for the high temperature 
phase also. It is only in the eighties that such ‘disorder’ 
parameters played an important role in conformal in¬ 
variance. The ST transformation turned out to be impor¬ 
tant in a different development when attempts were made 
in the 70’s to solve more complex models, like vertex 
models. The existence of duality and ST guarantees the 
existence of commuting transfer matrices as expressed 
through the Yang-Baxter equation. The solvability of 
these models relies heavily on such commuting matrices^^. 

Transfer matrix 

The major problem was to diagonalize the transfer ma¬ 
trix. The largest eigenvalue determines the thermody¬ 
namic behaviour. Onsager could find all the eigenvalues 
for a finite lattice. This had implications far beyond the 
original idea of getting only the free energy. 

Onsager’s result showed that for a square (or any 2- 
dimensional) lattice, four different terms are needed if peri¬ 
odic boundary conditions are used. Why four was answered 
in a clear way by Kasteleyn in 1963 when he gave a general 
procedure for solving the Ising model using combinatorics 
(‘dimers’). Kasteleyn showed that for a surface of genus g, 
4^ ‘terms’ are needed. For open boundary conditions i.e. for 
strictly planar lattices, g = 0 while, for periodic boundary 
conditions, g = 1 as it has the geometry of a torus^^. This 
also indicates that pushing the same approach to solve a 3-d 
lattice would require an infinite number of terms. 

Correlation length and correlation 

Since Onsager could find all the eigenvalues, he could also 
identify the correlation length. If > A2 > A3... are the ei¬ 
genvalues, then the partition function can be written as 
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where N is the number of rows in the direction of trans¬ 
fer. The phase transition occurs when the largest eigen¬ 
value is degenerate. Close to the critical point, one can 
write (A 2 /Ai)^ - where ^ = -(| In 1)“^ This 
identifies ^ as a special length scale to characterize the 
critical behaviour. The degeneracy of the eigenvalues as 
T Tc, in turn, implies a diverging length scale at the 
transition point. In this way, Onsager showed that 
r-Tcf'' with v = 1. The renormalization group ap¬ 
proach mentioned earlier is based on the idea of a di¬ 
verging length scale so that the system is scale invariant 
at the critical point. > 

Later on, in 1949 Kaufman and Onsager showed that 
at r= spin correlation T(r) = < S(0)S(r) > decays as 
^- 1/2 distance^^. In 1965, Patashinskii and Pok¬ 

rovsky suggested the now famous scaling form 
r(r,7) »where, apart from the power law 
prefactor, all distances are scaled by the correlation 
length at the temperature^"^. Explicit calculations could 
put the correlation function, in the proper asymptotic 
limit, in the scaling form but it was also noted that for 
7 < Tc, r ~ e"^^Vr^. This anomalous behaviour in the low 
temperature phase is a very peculiar property of the Ising 
model in zero magnetic field. It is in the eighties that this 
point got clarified through the use of directed polymers^^. 


Boundary effects 

Onsager recognized the importance of boundary condi¬ 
tions. He realized that changing the couplings in one 
row to antiferromagnetic coupling (/->-/) would in¬ 
crease the free energy in the ordered state because 
across this line spins cannot be aligned as in the bulk. 
This change, in other words, will force an interface in 
the system. The increase in free energy is then the en¬ 
ergy of the interface or the surface tension. Since the 
interface vanishes at the critical point, the surface ten¬ 
sion also vanishes at T=Tc. The exact solution showed 
that the surface tension vanishes as (Tc - Tf with 1. 
More general arguments later on proved that ^ + v = 2 
for the 2-dimensional Ising model. For any other model 
the right hand side would involve the specific heat ex¬ 
ponent also. 

Finite size effects 

Since the partition function was known for finite lat¬ 
tices, the specific heat could also be calculated. It was 
shown ^hat, at 7 = 7c, the specific heat per spin, C, is 
finite. No phase transition can take place in a finite sys¬ 
tem. Furthermore, C - In iV as N -4 oo (for a N lat¬ 
tice). It took many years to grasp the significance of this 


result until the idea of finite size scaling was introduced in 
1970. Finite size scaling now plays an important role in the 
analysis of numerical data in a wide variety of problems. 

A more dramatic result, though cannot be found ex- 
plicity, in the Onsager paper, is the finite size behaviour 
of the free energy. Collecting various terms, firom the 
calculation of the specific heat, it was found that for an 
m X n lattice 


m-^oo mn 


IG 1, ^ TC 1 

-+—ln2 +-+.., 

TC 2 12 n 


(9) 


where G is the Catalan constant. This is to be contrasted 
with eq. 8 for 7 7c where there is an exponential ap¬ 
proach to the large lattice (thermodynamic) limit. In 
1986, Affleck argued using conformal invariance that in 
two dimensions, at criticality. 

InZ cnc 

lim-= const+- 

m->oo rnn 6n 


with c the central charge as the only quantity required to 
identify the critical behaviour (‘universality class’) in 2 
dimensions'^. A comparison of the two gives c = 1/2 for 
Ising model. 


Experiment 

The simplicity and wide applicability of the 2- 
dimerisional Ising model and its solution still leave be¬ 
hind a queer sensation that, after all, the model is a bit 
artificial. So far as the exponents are concerned, they are 
universal and a wide variety of systems do have Ising ex¬ 
ponents. It however remained a challenge to find an ex¬ 
perimental system that could exhibit the behaviour one 
finds from a landmark of theoretical physics. The chal¬ 
lenge was met when an alloy was found in 1974 which 
showed the behaviour of magnetization exactly like the 
Onsager result with only 7c as the adjustable parameter^^. 
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Introduction 


David E. Bloom 

Department of Economics, Columbia University, New York, NY 10027, USA 

Harvard Institute for International Development, 1 Eliot Street, Cambridge, MA 01238, USA 


The first case of HIV infection in India was detected in 
1986 through a random blood test of a commercial sex 
worker in Madras. By late 1994, India’s National AIDS 
Control Organization reported that nearly 51,000 HIV¬ 
positive people had been detected in the country, with 885 
known cases of full-blown AIDS. Reported cases of HTV 
infection and AIDS, however, are only the tip of the iceberg 
and reflect little more than the limited amount of costly 
HIV testing that has been conducted. They are grossly mis¬ 
leading with respect to the extent of the epidemic, which 
needs to be estimated scientifically using statistical tools to 
infer the population level of infection from sample data. 
One such set of estimates recently prepared for India indi¬ 
cates that there are 900,000 to 2.1 million HIV-infected 
people in India, with 55,000 to 100,000 cumulative cases of 
AIDS. By the year 2000, the number of HIV infections is 
projected to grow to between 2.1 and 6.7 million people, 
with a cumulative total of 500,000 to 1.2 million cases of 
AIDS. 

These statistics provide strong evidence that India is not 
immune to the rapid spread of HIV. It will not be spared 
because of its culture or through some ayurvedic or ho¬ 
meopathic cure. On the contrary, India is extremely vul¬ 
nerable to the epidemic. Many factors contribute to its 
vulnerability: India’s integration into the world economy; 
its changing social customs; its pockets of injecting drug 
use; its system of commercial blood supply; its medical 
practices; its large migrant population; its high level of 
illiteracy; and its age distribution, which has a large pro¬ 
portion of the population in the sexually active years. 

AIDS is an unusual disease in modern times in that it 
is both incurable and invariably fatal. It is also unusual 
because carriers of HIV, the virus that causes AIDS, 
typically show no symptoms of the specific illnesses that 
define them as having AIDS for eight to ten years after 
they are infected. Thus, in its early stages, AIDS is an 
invisible disease. For this reason, in part, policy-makers 
are likely to be slow to react to the AIDS epidemic. It 
takes great wisdom, foresight and determination to address 
invisible problems, especially in the face of the many visi¬ 
ble health problems, such as malaria, tuberculosis, hepatitis, 
cholera, typhoid and diarrhoea, which widely afflict many 
Asian populations. Responding to the AIDS epidemic is 


*I would like to thank the United Nations Development Programme’s 
Regional Project on HIV/AIDS for supporting the publication and distri¬ 
bution of this special issue. I would also like to thank Preeti Sinha, Ajay 
Mahal and Uma Kurup for their advice and assistance throughout the 
project. 


also complicated by the technical difficulty of establishing 
priorities for allocating resources to various health and 
other social problems, and by uncertainty about the appro¬ 
priateness of particular policy and programmatic measures 
for HIV prevention and AIDS care. 

Because of the disease’s complexity in both biomedical 
and socioeconomic terms, no one discipline has a monopoly 
on the information and expertise needed to address the 
AIDS epidemic. Rather the response will have to draw upon 
skills and experiences from a wide range of fields, working 
cooperatively. This special issue of Current Science high¬ 
lights this multidisciplinary complexity. 

The nine articles that follow are divided into three 
groups. The first group provides essential background on 
HIV and AIDS, with John Dwyer discussing biomedical 
issues and James Chin describing the techniques for esti¬ 
mating and projecting HIV and AIDS cases from different 
sources of data. The second group describes the spread of 
HIV in Asia. Shiv Lai and B. B. Thakur provide an up-to- 
date review of the HIV and AIDS epidemic in India, 
while Rabin Sarda and George Peterson focus on the epi¬ 
demic in the Western Pacific. Tim Brown and Werasit 
Sittitrai make the point that heterosexual sex is emerging 
as the dominant transmission category for HIV in Asia, 
and discuss salient features of the connection between 
risky heterosexual behavior and the epidemic. 

The final group of articles addresses selected policy is¬ 
sues. Sherry Glied discusses the impact of HIV/AIDS from 
the perspective of the US experience, where nearly 300,000 
people had died of AIDS by early 1995. Nandrani S. de 
Zoysa describes the Sri Lankan blood bank system and the 
measures it has adopted to safeguard the blood supply- 
almost entirely - from HIV contamination. Ronald Bayer 
discusses ethical considerations surrounding the issue of 
testing for HIV. Finally, Ajay Mahal and I discuss eco¬ 
nomic implications of HIV and AIDS and the potential 
contributions of economists to the design and implementa¬ 
tion of policy and programmes in this area. 

The authors hope that these articles will catalyse fur¬ 
ther research and discussion on the HIV and AIDS epi¬ 
demic. India’s natural and social science communities 
need to build momentum in their efforts to promote 
deeper understanding of the epidemic as a basis for the 
development of prevention and care strategies that are 
rooted in local realities. If the Indian epidemic continues 
along its present trajectory, the consequences could be 
disastrous. India must act now, so that it does not look 
back ten years from now with sorrow and regret upon 20 
million HIV-infected Indians. 


822 


CURRENT SCIENCE, VOL. 69, NO. 10,25 NOVEMBER 1995 



SPECIAL SECTION: AIDS IN ASIA 


Biomedical aspects of HIV and AIDS 


John M. Dwyer 


Division of Medicine, Prince of Wales Hospital, Randwick, NSW 2031, Australia 

In 1981 reports of immunodeficiency associated with systems of animals, with the immunodeficiency produced 

the development of pneumocystis carinii pneumonia in often being associated with some form of malignancy. A 

homosexual men on both the East and West coasts of the competent immune system is necessary to protect us from 

United States brought to the world’s attention the be> certain forms of cancer. We now know that one distinct 

ginning of what is now referred to as the AIDS epi- branch of the retroviral family can produce leukaemia in 

demic^ Previously healthy men had, for no apparent humans while another branch of the family contains two 

reason, acquired an immune deficiency state that was so viruses, HIV-1 and HIV-2, that can destroy the most 

serious that they could no longer protect themselves important, indeed pivotal, cells within the immune sys- 

from usually readily dismissed organisms such as pneu- tern: CD4 lymphocytes. These cells are members of the 

mocystis carinii. Physicians in the Western world had T cell family of lymphocytes produced in the thymus 

not encountered such a syndrome before. Because the gland. While the destruction of sufficient numbers of CD4 

new disease initially affected homosexual men, concepts lymphocytes to produce immunodeficiency takes a num- 

of a “gay plague” became popular and much effort was ber of years (there are approximately six hundred billion 

expended on looking for unique features of the homo- of such cells available to an adult), a threshold is reached 

sexual life-style that might destroy immunological com- when there are simply too few of these cells available to 

petence. Any retrospective review must realize that no protect an individual from invading microorganism and 

knowledge of the epidemic of AIDS that had been the clinical syndrome AIDS develops, 

sweeping through Africa for at least thirty years was 
available to help clinicians understand the disease they 
were now seeing in the West. 

With the discovery that the human immunodeficiency 
virus (HIV) was responsible for destroying the immune 
system and producing AIDS^ the pandemic nature of the 
problem became clear. At this writing, the World Health 
Organization’s Global Programme on AIDS estimates 
that some eighteen million adults and one-and-a-half 
million children are infected with HIV and that between 
5000 and 10,000 individuals are infected every 24 
hours^ In 1994 more than three million adults became 
infected with the virus. The epidemic continues to 
spread at ever faster rates in many developing countries, 
with the epicentre of the epidemic moving inexorably 
from Africa to Asia. Already, India may have more in¬ 
dividuals infected with HIV than any other country. This 
review will examine the biomedical aspects of HIV in¬ 
fection that are producing much individual human suf¬ 
fering and socioeconomic disruption in many countries. 

Virology 

Only in the last fifteen years have investigators realized 
that members of the retroviral family of viruses are ca¬ 
pable of producing disease in humans^. Prior to that time 
the medical community had known that these viruses 

could produce disturbances of the immune and nervous Figure l. The binding and fusing of HIV to CD4 cells. 
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Retroviruses are composed of RNA and to reproduce 
must insert their genetic information into the DNA of 
the nucleus of the cell they invade. To accomplish this, 
they carry with them a unique enzyme, reverse transcrip¬ 
tase, that once activated inside a parasitized cell can 
translate RNA into DNA. It is this ‘turning’ from RNA 
into DNA that gives the family its name (‘retro’). The 
virus is composed of an envelope from which protrude 
unique three-dimensional structures contained within a 
large molecule (molecular weight (MW) 120,000 Da) 
(Figure 1). This protein, gpl20, allows HIV to bind with 
exquisite specificity to a molecule present on the surface 
of CD4 thymus-derived lymphocytes. These cells are 
involved in initial recognition of ‘foreignness’ i.e. anti¬ 
genic determinants which are recognized in the form of 
small amino acid sequences. CD4 lymphocytes do not 
react to self-determinants but do react to foreignness, 
initiating a cascade of immunological responses that 
ultimately lead to the elimination of non-self protein^. 
Currently, we recognize two distinct forms of CD4 lym¬ 
phocyte. THE cells can stimulate cells referred to as 
CDS lymphocytes (also derived from the thymus gland) 
to destroy directly or help produce an inflammatory re¬ 
sponse to viral, fungal and parasitic invaders. The sec¬ 
ond type of CD4 lymphocyte (TH2 cells) activate bone- 
marrow-derived lymphocytes, ‘B cells’, to produce anti¬ 
bodies that are essential for the elimination of extracel¬ 
lular bacteria^. 

Because CD4 lymphocytes play a pivotal role in ini¬ 
tiating an effective immune response, the invasion and 
destruction of these cells by HIV-1 and HIV-2 cripples 
the entire immune apparatus. 

As mouse lymphocytes into which the genes for the 
CD4 molecule have been inserted cannot be infected 
with HIV-1 or HIV-2, despite the resulting expression of 
the CD4 molecule on their surface, researchers have 
long argued that a second receptor is necessary for HIV 
invasion of lymphocytes. Recently scientists at the Insti¬ 
tute Pasteur in Paris have suggested that the second 
molecule is CD26, a widely distributed protein present 
on many cells including CD4 lymphocytes^. 

A transmembrane protein in the envelope of HIV-1 
and HIV-2 referred to as gp41, as it has a molecular 
weight of 41,000 Da, is capable of fusing the envelope 
of HIV with the membrane of a CD4 lymphocyte that 
has bound the viral receptor molecule gpl20. With the 
fusion of the two membranes, the core of HIV finds it¬ 
self in the cytoplasm of the attacked CD4 lymphocyte. 
Activation of reverse transcriptase, insertion of proviral 
DNA and the subsequent replication of HIV within the T 
cell leads to both replication of the virus and the de¬ 
struction of that particular T lymphocyte®. 

An addition to specific genes that code for the pro¬ 
duction of the viral envelope or the RNA sequences 
needed for replication and reverse transcriptase, HIV-1 
and HIV-2 contain a series of genes that produce regula¬ 


tory proteins. While some of the products of these genes 
may be directly toxic to CD4 lymphocytes, their major 
role is to activate and control the replication of HIV in 
an infected cell. These regulatory genes are potential 
tjargets for therapeutic intervention strategies. Thus, HIV 
has a unique capability to invade and destroy thymus- 
derived CD4 lymphocytes, thereby producing, over an 
extended period of time, such a gross immune defi¬ 
ciency that infected individuals can no longer limit the 
replication of HIV or respond effectively to other infec¬ 
tious agents that take the ‘opportunity’ presented to 
them to produce serious clinical disease. 

Immunology 

Infection with HIV produces, within six weeks, an ef¬ 
fective immune response that limits the initial burst of 
viral replication. An effective response involves the 
production of neutralizing antibodies but, "more impor¬ 
tantly, the activation of CDS lymphocytes that can de¬ 
stroy virus-infected cells and/or secrete ^an as yet un¬ 
characterized lymphokine that inhibits viral replication. 
Lymphokines are hormone-like chemicals produced by 
activated lymphocytes to carry activation and suppres¬ 
sive signals from one cell involved in an immune re¬ 
sponse to another. Patients infected with HIV, though 
infectious, remain well for a number of years after in¬ 
fection occurs as a result of this immune response. No 
evidence exists to date to suggest that the immune re¬ 
sponse of anybody infected with HIV has successfully 
eliminated the virus or produced an immunological re¬ 
sponse that would make one confident that AIDS will 
never develop. While 67% of patients infected with HIV 
will have developed AIDS within ten years of infection, 
those that stay well longer are currently being investi¬ 
gated to determine if they make a more effective im¬ 
mune response to HIV than those who are ill at the end 
of ten years of infection. 

Within a few weeks of infection the number of CDS 
lymphocytes present in the circulation of people infected 
with HIV increases markedly. Most of the CDS lympho¬ 
cytes belong to that subclass of thymus-derived lympho¬ 
cytes that are capable of attacking virus-infected cells. 
The total number of circulating CD4 lymphocytes usu¬ 
ally undergoes an initial and significant fall around the 
time of seroconversion before stabilizing for many 
years. The replication of the virus in the first few weeks 
of infection is associated with permanent destruction of 
a significant number of CD4 lymphocytes. 

HIV is cleared from the plasma of an infected individ¬ 
ual at the time of seroconversion as antibodies remove 
the virus present and CDS lymphocytes minimize further 
production. From then on, finding viral proteins in se¬ 
rum or indeed in peripheral blood lymphocytes becomes 
difficult. Thus, while it is possible throughout the course 
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of an active infection with the hepatitis B virus to find 
viral protein in the blood stream, we rely on the pres¬ 
ence of antibodies to HIV to diagnose the presence of 
that virus. We now know that most of the infected CD4 
lymphocytes pool rapidly within the lymphoid tissue of 
infected individuals. Lymphoid tissue is organized into 
nodes or glands that are scattered around the body at 
critical sites. The immune system prefers to fight its 
immunological battles in these highly organized centres. 
It is probable, but not established, that this pooling is 
associated with activation of signals that attract HIV- 
infected cells into lymphoid tissue. Certainly, a signifi¬ 
cant number of patients rapidly develop lymphadenopa- 
thy (swollen lymph glands) and recent studies strongly 
suggest that the destruction of most of CD4 lymphocytes 
by HIV-induced mechanisms occurs in lymphoid tissue 
rather than in the circulation^. 

Ultimately, the immune system’s effectiveness in con¬ 
trolling HIV is compromised because of the ongoing de¬ 
struction of more and more CD4 lymphocytes. Some four to 
five years after initial infection, some selective process, as 
yet uncharacterized, commonly seems to destroy THE CD4 
lymphocytes more rapidly than those capable of stimulating 
an antibody response (TH2 cells). Thus, although the num¬ 
ber of CD4 lymphocytes in the circulation may remain 
relatively stable, the number of cells capable of stimulating 
an effective cell-mediated immune (CDS) response contin¬ 
ues to fall. This dramatic change in the immunobiology of 
the natural history of the disease is not associated with 
changes in an infected individual’s clinical state. 

Numerous reasons are known to be associated with the 
virus’s capacity to evade an effective immune response 
and ultimately, in most cases studied, destroy effective 
immunity. HIV can destroy cells that are not directly 



Figure 2. Two indirect methods used by HIV to kill CD4 cells. 
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Figure 3. Normal CD4 (T4) cell destroyed by antibodies, NK or T8 
cells because it bound secreted gpl20. 



fuse attacking T8 cells. 

infected with HIV at all (Figure 2). In cells infected with 
HIV in which the virus is actually replicating, envelope 
proteins (gpl20 and gp41) are expressed on the surface of 
the cell, thus enabling an infected cell to bind the CD4 
molecule of passing uninfected lymphocytes (Figure 3). As 
these envelope proteins contain the fusigenic moiety 
(gp41), giant cells (or syncitia) are formed. gp41 fuses the 
outer membrane of the T cell to the coat of the virus. At the 
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point of contact the contiguous membranes dissolve and in 
this way the core of the virus finds itself inside the CD4 
lymphocyte. By the formation of these giant cells as in¬ 
fected cells trap uninfected cells it is possible for one in¬ 
fected cell to kill five hundred uninfected cells. 

The secretion from infected cells of envelope proteins 
that will bind to CD4 molecules present on uninfected 
cells sets these unfortunate cells up as targets for cellu¬ 
lar and humoral responses generated against envelope 
proteins. In addition to these strategies HIV-1 and HIV- 
2 are capable of generating considerable antigenic di¬ 
versity among their envelope proteins. This constant 
antigenic ‘drift’ interferes with the perpetuation of an 
effective secondary immune response and requires the 
constant reactivation of primary immune responses to 
handle the variations presented to the immune system. 

Clinical considerations 

Infected CD4 lymphocytes, rather than free virions 
(elementary virus particles), are the important vector for 
HIV in human to human transmission. HIV-containing 
CD4 lymphocytes in sufficient concentration to make a 
biological fluid infectious are found in breast milk, blood 
and the sexual secretions of males and females. HIV can 
thus spread from an infected to an uninfected individual 
during vaginal or anal intercourse if infected blood from 
one individual enters the body of another and occasionally 
during breast feeding, particularly if a mother is in an 
early or very late stage of infection. At both extremes the 
replication of virus is most rapid and the concentration of 
virus in biological fluids reaches highest levels. 

Within four to six weeks of infection, a seroconverting 
illness is noted by many, but these flu-like symptoms may 
not be particularly dramatic and are frequently not remem¬ 
bered by infected individuals. The symptomatology, which 
may occasionally feature significant pain associated with a 
neuropathy, is transient, and after it disappears many years 
may pass before an individual has any significant symptoms 
referable to HTV infection. Lymphadenopathy develops in 
30-40% of infected individuals and this in itself is not a bad 
prognostic sign. As noted above, within ten years of infec¬ 
tion with HIV, 67% of infected individuals have so many 
CD4 lymphocytes destroyed that they develop that ultimate 
complication of HIV infection: AIDS, 

Prior to the development of AIDS, two HIV-related 
complications are common. The first is Kaposi’s sar¬ 
coma, which is a tumour-like proliferation of the endo¬ 
thelial cells lining blood vessels^^. The lesions often 
begin in the skin, although they are frequently first rec¬ 
ognized in the mouth, particularly on the hard palate. 
The proliferation of these cells can occur within internal 
organs. Kaposi’s sarcoma probably occurs when an as 
yet unidentified sexually transmitted cofactor stimulates 
endothelial cells to release cytokines which perpetuate the 


proliferation of these cells. Cytokines are like lymphoki- 
nes, that are hormone-like substances released fi*om cells, 
but in this case the chenndcals referred to are released by 
cells lining blood vessels rather than lymphocytes. It is 
the limitation of Kaposi’s sarcoma to homosexual men 
infected with HIV in the West that has led many to sug¬ 
gest that a sexually transmitted cofactor must be involved. 

Kaposi’s sarcoma can be cosmetically disfiguring but 
harmless, or can involve lymphatic tissue and produce 
gross swelling, particularly in the lower limbs and scro¬ 
tum, and become a major clinical problem. Frequently, 
it displays a propensity for the nose and eyelids. Small 
lesions often respond to radiotherapy, but chemotherapy 
may be required if lesions are producing secondary phe¬ 
nomena of consequence. 

The second complication is that some 10-20% of pa¬ 
tients develop a presenile dementia prior to the devel¬ 
opment of AIDS. Initially, higher-centre functions are 
affected, such as concenttation and judgment, and these 
defects can be measured using psychometric analysis. 
Antiretroviral therapy with AZT can minimize the 
symptoms of HIV-related dementia if introduced into 
the management of the condition soon after the onset of 
symptoms. This complication seems to be caused by 
certain strains of the virus that infect macrophages that 
transport the virus to the brain and then subsequently 
release cytokines that damage delicate nervous tissue. 
Macrophages are scavenger cells of the immune system 
and certain variations within the virus itself seem to 
make it easier for certain macrophages to swallow viral 
particles and transport them to the central nervous system. 

Prior to the development of AIDS, as viral replication 
becomes more efficient, accelerated T cell destruction 
occurs, and patients may develop a period of weight loss 
characterized by profuse sweating at night and the de¬ 
velopment of a fungal infection in their mouth with 
Candida albicans. 

CD4 lymphocytes are usually present in the blood in 
numbers greater than 700 |i,l. When the number falls to 
200 |il or less, patients are at risk of developing oppor¬ 
tunistic infections, which lead to the definition of AIDS 
in an individual case. Pneumonia produced by Pneumo¬ 
cystis carinii is the most common AJDS-defining illness. 
Toxoplasmosis, Cryptococcus neoformans infection 
(usually of the central nervous system), atypical and typi¬ 
cal tuberculosis (the latter increasingly drug-resistant) and 
problems associated with cytomegalovirus are some of the 
most common serious infections noted. Once AIDS de¬ 
velops, patients usually survive no longer than two years 
even when the most sophisticated treatment is available. 

Antiretroviral therapy 

While numerous drugs to help manage HTV infection are 
in various stages of development, only one family of 
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drugs have so far been shown to be successful and rela¬ 
tively safe after extensive clinical trials. AZT was the first 
drug developed that could inhibit the replication of HIV 
effectively. As with all of the drugs that are currently 
available, AZT works by interfering with reverse tran¬ 
scriptase and by interfering with the successful transcrip¬ 
tion of viral DNA into viral RNA. Recent studies reveal 
that none of the currently available antiretroviral agents 
are effective long-term, as in most patients, viral muta¬ 
tions lead to drug resistance within 12-18 months. This 
appears to be true whether monotherapy or combination 
therapy is used. Strategies being studied now involve the 
rotation of various retroviral agents on a regular basis and 
the introduction of new drugs which attack viral replica¬ 
tion at different stages of the virus’s life cycle. 

Vaccines 

To date no vaccine has been developed that can prevent 
infection with HIV in humans or chimpanzees, the only 
animal besides humans that can be infected with HIV-1 
or HIV-2. Although clinical trials in humans of preven¬ 
tative vaccines have started, no clinical data related to 
their efficacy is as yet available. Somewhat dishearten- 
ingly, evidence suggests that the vaccines used to pre¬ 
vent the infection of monkeys with a simian immunode¬ 
ficiency virus (SIV) infection have been ineffective. 
Certain monkeys infected with that virus develop AIDS. 
Epidemiological investigations in the last twelve months 
have noted the emergence of more and more new strains 
of HIV in various parts of the world. There are now 
more than nine major variations on a theme which will 
make it extremely difficult to produce a vaccine that will 
be equally effective in different parts of the world. The 
difficulty in producing a cheap effective vaccine high¬ 
lights the need to reemphasize preventative strategies. 
Because preventing infection is proving to be so diffi¬ 
cult, many scientists have turned their attention to pre¬ 
venting disease. HIV infection does not produce signifi¬ 
cant clinical consequences in the first few years of 
infection. If the initially adequate immune response 
could be so strengthened that HIV replication is perma¬ 
nently minimized, then HIV infection may be no more 
serious than infection with the virus responsible for 
chicken pox. That virus is never eliminated from the 
body, but after an initial flourish rarely causes further 
problems. Therapeutic vaccines have been developed and 
are being tested in an attempt to introduce to a competent 
immune system viral envelope and core variations that 
the immune system may encounter at a later date during 


the course of HIV infection. While it is too early to 
judge the success of this strategy, on theoretical grounds 
it seems to be likely to produce more immediate benefits 
than any other therapeutic strategy currently being 
developed. 

Summary 

Two distinct members of the retrovirus family, HIV-1 
and HIV-2, can selectively destroy CD4 lymphocytes in 
humans, and thus over a period of ten years can induce a 
degree of immunodeficiency that allows opportunistic 
infections and the development of malignancy to kill 
infected individuals. Envelope proteins developed by 
the virus provide numerous mechanisms for the destruc¬ 
tion of immunologically competent cells. 80% of infec¬ 
tions occur during vaginal intercourse, with blood-to- 
blood transmission being responsible for most remaining 
infections. At this time, anal intercourse is responsible 
for less than 10% of infections worldwide. No effective 
vaccine to prevent infection is likely to be developed 
within the next ten years. Prevention must remain the 
major goal of all public health officials, or the World 
Health Organization’s prediction that 30-40 million 
people will be infected by the year 2000 may turn out to 
be a significant underestimate. Antiretroviral drugs and 
therapeutic vaccines offer the best hope in the immedi¬ 
ate future for prolonging quality life in people infected 
with HIV, 
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Estimation and projection of HIV infection and 
AIDS cases 


James Chin 

Division of Epidemiology, University of California, Berkeley, School 
Sciences, 456 Kentucky Avenue, Berkeley CA 94707, USA 

How many HIV infections and AIDS cases have 
occurred in the past, are currently present, and are likely 
to occur in the future? Reliable answers to these 
questions are needed to evaluate the spread of HIV and 
AIDS and to help plan public health, health care, and 
social welfare programmes vital for an appropriate 
response to this ever-expanding pandemic. However, 
since the early 1980s, when AIDS was first recognized, 
the pandemic’s future trends and ultimate dimensions 
have been shrouded in uncertainty. This uncertainty 
persists because of the difficulties in measuring the 
prevalence, and especially the incidence, of AIDS cases 
and HIV infections in a given population with any 
substantial degree of precision. As a result, investigators 
have used many methods and models in attempts to 
understand the dynamics and interrelationships of the 
major determinants of HIV transmission and develop 
reliable estimates and projections of HIV and AIDS. The 
methods and models used need to be examined critically 
and understood before their outputs are accepted and used 
for public health programmes or policy decisions. This 
paper provides an overview of the uses and limitations of 
the methods available for HIV and AIDS estimates and 
projections. These methods are listed in Table 1. 

Public health surveillance data^“^^ 

Virtually all countries collect data on AIDS cases, primarily 
through public health surveillance systems that rely on 
passive notification of case reports. Reports of AIDS 
cases from industrial countries of Europe, North 


Public Health, Department of Biomedical and Environmental Health 

America and Oceania have been, up to 1993, based 
primarily on the 1987 Centers for Disease 
ControlAVorld Health Organization (WHO) case 
definition^; those from Africa have generally been based 
on nationally adapted versions of the WHO clinical 
(Bangui) definition^several countries in Latin America 
have used the Pan American Health Organization’s 
Caracas definition^; and those from other countries 
involve a combination of these definitions. In addition to 
the problem posed by varying definitions of AIDS cases, 
the data are flawed by significant problems related to 
the wide variations found in the accuracy, completeness 
and timeliness of different national AIDS reporting 
systems. However, reported AIDS case data can provide 
the basis for estimating the actual number of cases that 
may have occurred. Researchers have prepared such 
estimates by adjusting reported AIDS data to correct for 
delays, inaccuracies and incompleteness. However, 
these adjustments require specific studies to determine 
the precise degree of correction needed for each limiting 
factor, and many estimators assume erroneously that 
these factors do not change with time. Hence, the 
reliability of AIDS estimates derived after such 
adjustments varies. 

Detection of HIV infection became possible with the 
development of HIV antibody tests, which were first 
available in 1985. Most public health surveillance data on 
HIV infection have been obtained from a variety of 
uncoordinated sources, and much of the data were gathered 
from samples of selected population groups. Thus, data 
obtained from different areas or studies are usually not 


of 


Table 1. Methods for estimating and projecting of HIV infections and AIDS cases 
Extrapolation from public health surveillance HIV/AIDS data 

Delphi survey method 


HIV and AIDS models 

Type I models: statistical extrapolation from reported AIDS case data 

Type II models: simple projection models 

Type III models: complex deterministic/compartmental models 


Combination of methods 

Scenario/modelling approach 
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comparable. Current serological tests for detecting HIV 
antibodies are reliable for measuring HIV prevalence in 
populations: collectively they have shown that HIV 
infection is not randomly distributed in a given population. 
Relatively high prevalenpe rates (from a few per cent 
to more than 50) can be found among homosexual or 
heterosexual individuals who have had multiple sexual 
partners and those people who share drug injection 
equipment. The prevalence of HIV infection in most 
general populations of industrial countries is low and may 
range from almost zero to one per several thousand. 

Researchers have estimated HIV prevalence most 
often by using the results of serological surveys and 
extrapolating the data to specific papulations. Major 
problems with this method are the limited number of 
seroprevalence studies that are representative of specific 
populations or subgroups, and the wide variability'in 
estimates of the size of important subgroups, such as 
female prostitutes, injecting drug users, and patients seen 
in sexually transmitted disease clinics. Nevertheless, 
investigators have derived reasonable working estimates 
of the prevalence, general distribution, aiid trends of HIV 
infection for many countries by analysis of all available 
HIV serosurvey data. 

In the mid- to late-1980s, with only limited HIV data 
available, investigators tended to overestimate HIV 
prevalence for many areas and populations. In the United 
States for example, during the period 1985-1992 official 
estimates of cumulative HIV infection remained 
consistently in the range 1.0-1.5 million. As of early 
1995, the best estimate of cumulative HIV infections was 
still between 1.0 and 1.5 million, which clearly indicates 
that all previous estimates were too high. In the United 
Kingdom in the mid-1980s HIV prevalence was estimated 
at 80,000. Subsequent reviews and analyses of the 
accumulating HIV data by expert committees resulted in a 
consistent downward revision of this estimate to a 
maximum of about 30,000. In 1987, WHO’s estimate of 
global HIV infection ranged from 5 to 10 million. With 
the collection and analysis of more recent HIV data 
(primarily from sub-Saharan Africa) WHO’s revised 1990 
estimate of global HIV infection was reduced to the lower 
level of the 1987 estimate, i.e. about 5-6 million. Since 
the late 1980s, WHO’s global and regional HIV estimates 
have been intentionally conservative. 

The Delphi survey method^^"^^ 

The Delphi survey method was developed in an attempt 
to improve the reliability of the judgments needed in 
relatively uncertain situations and to provide a means of 
quantifying such judgements. This method was 
originally systematized in the 1960s for use in 
developing management policies. It was first applied to 
the health field in the 1970s. Essentially, the Delphi 
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method obtains educated guesses from selected experts 
in a reiterative fashion, and then uses the average and j 
range of the Delphi responses as projections. Major 
advantages of the Delphi method are speed and low cost. 
However, it is difficult to select truly knowledgeable 
experts to estimate the number of HIV infections and 
AIDS cases. Furthermore, estimates and projections 
made by the Delphi method may have extremely wide I 
ranges. * i 

In 1988 WHO used a Delphi survey to obtain j 
projections of HIV prevalence. Delphi survey 
respondents projected that there would be 15-20 million 
cumulative adult HIV infections worldwide by the year 
2000. Yet shortly after that survey, HIV serological data 
for sub-Saharan Africa and southeast Asia showed 
marked increases in HIV seroprevalence. These 
increases, estimated at about 5 million new infections 
within two to three years after the survey, suggested that || 
the 1988 Delphi projections were too low. In 1991, || 

based on observed HIV trends, WHO projected that a 
cumulative total of 30 to 40 million HIV infections 
would occur in men, women, and children by the year |j 

2000. I 

In mid-1992 a Harvard group, AIDS in the World :j 

(AIW)'^ also carried out a Delphi survey to project ; 

cumulative global HIV infections by the year 2000. j 
While AIW’s low Delphi total was only slightly higher 
than WHO’s conservative projection in 1991, its high 
Delphi projection, more than 100 million cumulative 
HIV infections by the year 2000, was three to four times 
higher than their low Delphi prelection. With the | 
exception of AIW’s high Delphi projection (for which J 

no comparable WHO projection was made) the |! 

independent estimates and prelections of HIV infections | 
and AIDS cases were reasonably close to WHO’s 
projections. AIW did not select either the low or high 
Delphi projection as their best estimate for the year 
2000, but most references to its Delphi projections focus 
on their high Delphi projection. 

How plausible are AIW’s high Delphi projections? If | 
cumulative infections in North America (primarily the 
United States) were estimated to be about 1.2 million as 
of 1993, then almost 1 million new HIV infections 
would have to occur each year in North America to 
reach AIW’s high Delphi projection of more than 8 
million. Similarly, in sub-Saharan Africa, more than 3 
million new HIV infections would have to take place | 

annually to reach the projected total of more than 33 | 

million by the year 2000. For other regions, the AIW’s 
projections require new HIV infections of about 1 
million per year in Latin America, close to 1 million per 
year in the Caribbean, and almost 6, million per year in. | 
southeast Asia to reach 45 million by the year 2000 (Table 
2). None of these annual incidences are plausible based on 
observed HTV data and trends, which suggest that with the 
exception of southeast Asia, which is still at an early stage | 
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Table 2. AIDS in the world: HIV estimates and Delphi projections (millions) 


Region 

Cumulative estimate 

Jan 1992 

Cumulative estimate 

Jan 1993 

High Delphi projection by 
the year 2000 

Annual incidence 
needed from 
1993 to 2000 

North America 

1,167 

1.261 

8.150 

0.984 

Western Europe 

0.718 

0.834 

2.331 

0.214 

Sub-Saharan Africa 

-7.803 

10.985 

33.609 

3.232 

Southeast Asia 

0.675 

3.567 

45.059 

5.927 

Latin America 

0.995 

1.050 

8.554 

1.072 

Caribbean 

0.310 

0.461 

6.962 

0.929 

Total 

11.799 

18.311 

104.665 

12.336 


in its HIV epidemic, the highest annual HIV incidence in 
most other regions may have already occurred. 

HIV and AIDS models 

Researchers have developed many types of HIV and AIDS 
models in attempts to understand the dynamics of HIV 
spread and to develop reliable projections of the epidemic’s 
eventual extent. The major components of all models 
include the basic assumptions and input parameters used, 
the value or range of values for the input parameters, and 
the mathematical interrelationships between the parameters 
used in the model. The results produced by any model 
should not be used to formulate programmes or make policy 
decisions unless those making such decisions fully 
understand and agree with the basic assumptions, the values 
used for the input parameters and the mathematical 
interrelations between the input variables. 

HIV and AIDS models can be broadly classified into 
three types that range from the simplest to the most 
complex. The first two types are empirical, 
extrapolation models, while models of the last type have 
been described as explanatory or deterministic. In 
general, the simpler extrapolation models are designed 
for short-term projections and the more complex models 
for evaluating determinants of the HIV and AIDS 
pandemic and for hypothesis testing. 

Type I models^^~^^ 

Type I models use reported AIDS case data to make 
short-term (two to three years) projections of AIDS 
cases. Such short-term projections have been made by 
statistical extrapolation and regression techniques 
applied to the observed temporal curve of the reported 
AIDS cases. These models assume that after adjusting 
for reporting delays (and in some models for incomplete 
reporting), the trends of reported cases during the next 
few years will remain essentially similar to those 
observed in the recent past. A profusion of such models 
has been described, but a major problem with these 
models is that many mathematical curves can fit the data 
equally well. Not only is there no way to choose the best 
among the various curves, but the fitted curves may lead 
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to widely divergent projections, particularly if they axe 
used to make projections for periods longer than two to 
three years. Type I models should be used only to 
project AIDS cases two to three years ahead, and only 
for populations for which AIDS case reporting is 
relatively timely, reliable and complete. 

Type II models^^'^^ 

Type II models use the data on estimated HIV infections 
and progression rates from infection to AIDS to calculate 
the number of past AIDS cases and to provide short-term 
(three to five years) projections of AIDS cases. A 
variation of this approach is the back calculation method, 
which uses AIDS case reports in conjunction with annual 
progression rates from infection to AIDS to estimate the 
number of annual HIV infections that have occurred. This 
method requires relatively accurate, complete and timely 
reporting of AIDS cases. However, because few people 
develop AIDS within two to three years of infection, this 
method cannot be used to estimate HIV infections that 
occurred during the prior two to three years even in areas 
where AIDS case reporting is considered reliable. 

A simplified variation of this method uses an estimated 
ratio of HIV infections to AIDS cases to calculate total 
HIV infections. Like back calculation, this ratio method 
requires reliable estimates of AIDS cases, which are not 
available in most developing countries. In addition, users 
of the ratio method must realize that the ratio of HIV 
infection to AIDS cases changes rapidly with time. The 
ratio falls from many thousands to one during the first few 
years of extensive HIV spread in a population to less than 
ten to one after the first decade. This decline occurs 
whether HIV incidence is increasing or decreasing 
because a substantial proportion of HIV-infected 
individuals progress to AIDS as long as 10 to 20 years 
after contracting HIV infection. 

Type III models^^-^ 

Type‘III models are more complex and incorporate 
biological and behavioural variables that describe the 
transmission and natural history of HIV infection so as 
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to simulate the entire disease process. Many 
mathematically sophisticated type III models have also 
been developed to project the future course of HIV and 
AIDS epidemics in different areas and populations. 
These complex models usually use differential equations 
to describe biological and behavioural variables known 
to be important in the transmission and progression of 
HIV disease in their simulation of the process from 
infection to progression to AIDS and death. 

These deterministic or simulation models include: the 
mathematical model(s) of Anderson et al}^\ the 
demographic model developed by Bulatao of the World 
Bank^^; a Monte Carlo type model (‘Simulaids’) 
developed by Auvert et ^990); and an extremely 
detailed model - the interagency working group model - 
developed principally by Stanley and Seitz^^. These 
models require, in varying degrees, extensive data sets 
on virtually all the demographic, biological and 
behavioural variables considered to be important in the 
epidemiology and natural history of HIV infection. The 
major problem with these models, aside from their 
complexity, is that most of the precise, detailed data sets 
they require to make projections are not available, even 
in those countries with the best data collection systems. 

Most complex type III models have used hypothetical 
populations to obtain projections. In an exercise for 
which the population characteristics and a defined set of 
variables and input values were provided, a group of 
models produced widely varied, long-term demographic 
projections for HIV and AIDS. Projections for the' 
percentage of the adult population infected with HIV in 
the year 2010 varied from a high of almost 40% in one 
model to a low of less than 3% in another. The greatest 
value of complex mathematical models may well be in 
their use to test hypotheses rather than for estimation 
and projection of HIV and AIDS prevalence. 

A scenario/modelling approach 

Given that predictions by complex models appear to be 
of doubtful validity, and because no criteria exist to 
select a good or best HIV and AIDS model (especially 
for projecting future HIV incidence and prevalence), a 
simpler scenario/modelling approach for estimation and 
projection of HIV infections and AIDS cases was 
developed by the author when he was at WHO during 
the late 1980s. The scenari-o/modelling approach can be 
used in individual countries and for selected populations 
within countries to prdvide working estimates and short¬ 
term projections of HIV-related morbidity and mortality 
for purposes of policy development and public health 
planning. 

A scenario is defined as an outline of any series of 
events, real or imagined. Plausible HIV scenarios can be 
constructed from available HIV data and observed 

CURRENT SCIENCE, VOL. 69, NO. 10,25 NOVEMBER 1995 


trends. Because future AIDS cases and deaths depend on 
the number and pattern of HIV infection and progression 
rates from infection to severe disease and subsequent 
death, AIDS cases and deaths can be calculated for 
different HIV prevalences and patterns (HIV scenarios) 
based on simple assumptions about the occurrence of 
these events. 

The general methods used in the scenario/modelling 
approach to develop working estimates and projections 
of HIV and AIDS are as follows: 

* The most recent patterns, prevalence and trends of 
HIV infection in specific population groups are 
estimated from an epidemiological analysis of all 
available HIV data. The HIV database compiled by 
the Center for International Research, US Bureau of 
the Census, is a valuable data source. Unpublished 
national HIV data, when available, should also be 
used to supplement these data. 

* Based on these data and other epidemiological 
observations, different HIV scenarios can be 
estimated and projected to the year 2000 or beyond 
for major geographical and epidemiological regions. 
Optimistic or best-case scenarios should be 
constructed to derive conservative estimates and 
projections for public health planning. 

* EPIMODEL, a relatively simple type II AIDS model 
developed by the author when he was with the 
WHO’s Global Programme on AIDS can be used to 
estimate and project AIDS cases and deaths based on 
the HIV scenarios. 

The reliability of HIV and AIDS projections obtained 
by this scenmo/modelling approach depends primarily 
on two factors: the accuracy of the estimated number of 
HIV-infected people, and the proportion of HIV- 
infected people who ultimately develop AIDS. 

The estimates and projections obtained from this 
scenario/modelling approach need to be modified as 
additional data on HIV prevalence and progression 
indicate that changes are warranted. However, health 
and social welfare systems should use conservative 
estimates and projections derived by this method to plan 
for and develop the resources needed to respond to the 
minimum number of HIV-related disease and deaths that 
can be expected during the remainder of this decade. 

Summary and conclusions 

The answer to the opening question ‘How many HIV 
infections and AIDS cases have occurred, are currently 
present, and will occur in the future?’ is that we really 
do not know, but we can estimate and project these 
numbers with varying degrees of uncertainty. Our ability 
to estimate past and current numbers is improving as 
public health surveillance systems collect more data. 
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Although the accuracy of such estimates varies greatly 
depending upon the quantity and quality of the 
surveillance data, plausible minimum, maximum and 
mid-range working estimates can be developed for use 
by public health and health care programmes. 

Projection of future patterns and prevalence of HIV 
and AIDS is more difficult, but such projections or 
scenarios are essential to begin planning programmes to 
respond to the increasing number of premature deaths 
among young and middle-aged adults because of AIDS. 
A conservative HIV and AIDS scenario can be 
constructed from data on current global status and trends 
of regional epidemics. According to this scenario a 
cumulative total of about 40 million men, women and 
children would have been infected with HIV by the year 
2000, with more than 90% of this total occurring in 
developing countries. By understanding the uses and 
limitations of all available methods and models that have 
been used for forecasting HIV and AIDS epidemics, such 
scenarios can assist policy-makers and social welfare and 
health care planners to prepare for the projected numbers 
of AIDS deaths and AIDS-related orphans. 
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The problem of HIV and AIDS in India 
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Although the AIDS pandemic is in its early stages in 
Asia, the virus is spreading rapidly among high-risk 
groups and is making fast inroads into the general 
population. Estimates suggest that more than one million 
people are infected with HIV in India^ 

India is a large country in terms of area and popula¬ 
tion, so the epidemic’s spread and impact have not been 
homogenous . There are many regional and population 
group variations, which probably reflect separate epi¬ 
demics with their own starting points and probably in¬ 
volve different types and frequencies of risky behav¬ 
iours and practices, such as having multiple sex partners 
or sharing drug injection equipment. 

The situation in India 

HIV was first detected in India in 1986 when pilot HIV 
surveillance activities were carried out among selected 
populations and in various locations to ascertain if the virus 
was present in the country. Within six or seven years, it 
became evident that HIV infection was present in almost all 
parts of the country, but was worst in the states of Ma¬ 
harashtra, Tamil Nadu and northeastern States of Manipur, 
Mizoram and Nagaland. In the latter three states, which 
border Myanmar, the main mode of HTV transmission is 
through needle sharing by injecting drug users^, whereas in 
the rest of the country, most infections are transmitted 
through heterosexuals^. The number of AIDS cases reported 
from all parts of the country is increasing. 

AIDS cases 

In 1986, Bombay reported India’s first AIDS case. Since 
then, as of 31 January 1995, a total of 1032 AIDS cases 
have been reported to the National AIDS Control Or¬ 
ganization from the states and union territories as shown 
in Table 1 (ref. 4). 

As is true elsewhere, the number of reported cases in In¬ 
dia represents a small fraction of actual AIDS morbidity. 
This gap between actual and reported cases is caused by 
both underreporting and misdiagnosis; as the medical 
community’s awareness and training improve, the gap is 
likely to shrink. According to estimates based on HIV 
prevalence, the actual number of AIDS cases in India is 
probably between 10,000 and 20,000 (ref. 5). However, 
the number of AIDS cases in the country cannot be 


Table 1. National AIDS Control Pro^amme, India, AIDS cases in India 
(Reported to NACO, as of 31 January 1995) 


S. No. 

StateAJnion Territory 

AIDS cases 

1. 

Andhra Pradesh 

1 

2. 

Assam 

2 

3. 

Delhi 

68 

4. 

Goa 

12 

5. 

Gujarat 

18 

6. 

Haryana 

1 

7. 

Himachal Pradesh 

9 

8. 

Jammu & Kashmir 

2 

9. 

Kerala 

76 

10. 

Madhya Pradesh 

21 

11. 

Maharashtra 

288 

12. 

Manipur 

68 

13. 

Pondicherry 

6 

14. 

Punjab/Chandigarh 

47 

15. 

Rajasthan 

1 

16. 

Tamil Nadu 

345 

17. 

Uttar Pradesh 

8 

18. 

West Bengal 

30 

19. 

Karnataka 

26 

20. 

Dadar Nagar & Haveli 

1 

21. 

Orissa 

2 


Total 

1032 


taken as indicative of the current HIV and AIDS prob¬ 
lem because the number of current AIDS cases reflects 
the HIV situation that prevailed five to ten years ago. 

HIV infection 

From October 1985 until the end of January 1995, about 
2,443,141 individuals had been tested for HIV through 
the nationwide surveillance, of whom 17,283 tested posi¬ 
tive for HIV (ref. 4). HIV prevalence increased from 2.5 
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Figure 1. Prevalence of HIV infection in selected states (June 92- 
November 1993). 
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per 1000 population in 1986 to 11.2 per 1000 by 1992. The 
course of the epidemic has been quite varied in nature, as is 
reflected clearly by Figure 1. Most of this testing has been 
done on population groups perceived to be at high risk for 
HIV infection; this may influence the results. The data 
available to date indicate not only that the infection is pres¬ 
ent in all regions but also that it has spread well beyond the 
high-risk groups to the general population. 

The HIV prevalence rate varies widely in different ar¬ 
eas and among different population groups. The major 
concentration of infection remains in the city of Bom¬ 
bay, where HIV .prevalence among prostitutes has risen 
significantly, from 10% in 1986 to 51% in 1993. The 
other known centres of HIV infection are Madras, 
Madurai, Pune, Vellore and the surrounding areas. In 
Vellore, the HIV rate among prostitutes increased from 
0.5% in 1986 to 34.5% in 1990. The latest sentinel sur¬ 
veillance data (1993) from Madurai and Madras showed 
that the prevalence of HIV infection among attendees at 
clinics for sexually transmitted diseases is 6.5% and 
2.7%, respectively. Other studies have shown that HIV 
prevalence among injecting drug users increased from 
some 45% in the first half of 1992 to 73% in the first 
half of 1993. 

The increasing trends of HIV infection among the 
high-risk groups have been followed closely by the ris¬ 
ing trends among the general population. The sentinel 
surveys done among pregnant women in Bombay, Salem 
and Manipur have found the prevalence of HIV to be 
2.5%, 1.1% and 0.8%, respectively (Figure 2). The 
prevalence among pregnant women in Tirupati rose from 
0.5% in 1990 to 2.0% in 1993. Such trends demonstrate 
the spread of HIV infection in the general population. 

The trends in HIV prevalence rates among high-risk 
groups in India seem to be comparable to trends previ¬ 
ously observed in some African nations among prosti¬ 
tutes. This similarity suggests that the epidemic could 
spread to the general population to alarming levels, as 
happened in these countries, where the spread of HIV 
among the general population seems to have been pre¬ 
ceded by a sharp increase in HIV prevalence among 
high-risk groups. 



Figure 2. HIV positivity among pregnant women (1st round-sentinel 
surveillance. 


Clearly, HIV infection is not restricted to such marginal¬ 
ized groups as prostitutes and drug addicts, but is spreading 
to more areas and to the general population in those areas 
through heterosexual transmission. Nevertheless, not all 
regions are being affected to the same extent. The apparent 
geographical clustering at this stage of the epidemic may be 
caused by differences in the proportion of the population 
engaging in high-risk behaviour or by unevenness in the 
surveillance system. Whatever the local pattern, however, 
the surveillance data taken as a whole demand that there be 
implementation of a comprehensive AIDS control pro¬ 
gramme as soon as possible. 

Other issues 

In India the prevalence of tuberculosis infection is 40% 
as evinced by tuberculosis testing. Of reported AIDS 
cases, 56% had tuberculosis of one or more organs. 
Thus, given this high prevalence of tuberculosis among 
those with AIDS, India is going to face the added prob¬ 
lem of an increase in cases of tuberculosis even among 
those not suffering from AIDS. 

Conclusion 

Poverty and underdevelopment are key factors that con¬ 
tribute to the AIDS pandemic: financial difficulties and 
economic problems force men to leave their families to 
find work, encourage drug use and make prostitution a 
survival strategy^. If we take these factors into account, 
India has great reason to be alarmed. India recognizes this 
threat clearly. Accordingly, India has launched a compre¬ 
hensive, nationwide AIDS control programme since 1992 
with financial assistance from the World Bank and techni¬ 
cal input from the World Health Organization. This pro¬ 
gramme consists of different components, namely: surveil¬ 
lance for HIV/AIDS; control of sexually transmitted dis¬ 
eases; condom distribution programmes; and information, 
education and communication designed to generate 
awareness of the disease and encourage change in risky 
behaviours. Further, the programme aims at providing 
comprehensive, nonstigmatizing care to all those who are 
already suffering from AIDS. 
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The Western Pacific Region of the World Health Organi- compared to other parts of the world"^. Few countries in 


zation (WHO) consists of 35 countries and areas, with a 
total estimated population in 1992 of 1535 million^ Seven 
countries account for 96% of this total. The region includes 
industrial countries, newly industrializing countries or ar¬ 
eas, developing countries or areas, and some of the world’s 
least developed countries. The regional population is ex¬ 
pected to grow to 1700 million by the year 2000. The aver¬ 
age national growth rate was 2% per year during 1985-90. 

Global trends 

A cumulative total 1,025,073 AIDS cases had been re¬ 
ported^ worldwide up to the end of 1994. WHO esti¬ 
mated that the actual figure was closer to 4.5 million 
cases. Of the reported cases, the vast majority have been 
from the Americas and Africa, with Asia and the Pacific 
accounting for less than 2% of the total. 

WHO estimates indicate that up to the end of Decem¬ 
ber 1994, more than 18 million people had been infected 
by HIV^, with the majority of the new infections during 
that year occurring in Africa and Asia. By the year 
2000, WHO predicts 30-40 million HIV infections 
worldwide, with 90% of them expected to occur in de¬ 
veloping countries^. 

Current situation in the Western Pacific Region 

Available evidence suggests that the HIV epidemic in 
the Western Pacific Region is at a relatively early state 


the region had reported significant numbers of AIDS 
cases or HIV diagnoses prior to 1987. Since then, the 
epidemic has gradually spread throughout the region. 
Only eight of the thirty-five countries and areas 
(predominantly the smaller Pacific island nations) have 
yet to report any case of AIDS or HIV infection. 

As Table 1 shows, as of 1 February 1995, 7349 cases 
of AIDS had been reported"^ from countries in the re¬ 
gion. Eighty-six per cent of AIDS cases have been re¬ 
ported from three countries: Australia, Japan and New 
Zealand, but this proportion is decreasing (Figure 1). Of 
the reported AIDS cases, the vast majority were men 
(94.1%) and less than 1% of the reported AIDS cases 
were children under 15 years of age^ . 

A cumulative total of 39,386 HIV infections had been re¬ 
ported^ in the Western Pacific Region as of 1 February 
1995 (Table 1) . Reported rates of HIV infection vary from 
101 per 100,000 population in Australia and 64 per 
100,000 in French Polynesia, to fewer than 9 per 100,000 
reported in Hong Kong and 0.1 per 100,000 in China. 
Eighty-six per cent of infections in the region have occurred 
in men and 8% in women. The proportion of HIV infections 
among children remains small, less than 1% of the total. 

New HIV infections in Australia have remained rela¬ 
tively constant in the past three years. In Japan, they 
seem to have peaked in 1992. In Malaysia, however, 
they have been increasing (Figure 2). 

Reported cases of HIV infection or AIDS do not show 
the real prevalence of these conditions in any given 
population. For example, many who are infected with HIV 



Year 



1987 1988 1989 1990 1991 1992 19931994 
Year 



Figure 1. Annual reported incidence of AIDS, Western Pacific Region. 
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Figure 2. Reported incidence of HIV, Western Pacific Region 
1987-1994. 
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Table 1. Cumulative HIV diagnoses and AIDS cases by country, sex and rates per 100,000 population. Western Pacific Region 


Country/area 

Males 

AIDS 

Females 

Unkn. 

Total 

AIDS 

rate^ 

AIDS 

deaths 

Males 

HIV' 

Females 

2 

Unkn. 

Total 

HIV 

rate^ 

American Samoa 

0 

0 

0 

0 

0.00 

0 

0 

0 

0 

0 

0 

Australia 

4894 

180 

0 

5074 

28.03 

3517 

15346 

840 

2089 

18275 

100.97 

Brunei Darussalam 

4 

0 

0 

4 

1.37 

2 

175 

7 

0 

182 

62.22 

Cambodia 

0 

0 

1 

1 

0.01 

1 

362 

126 

145 

633 

6.62 

China 

41 

2 

0 

43 

0.00 

24 

1426 

124 

0 

1550 

0.12 

Cook Islands 

0 

0 

0 

0 

0.00 

0 

0 

0 

0 

0 

0.00 

Fiji 

4 

3 

0 

7 

0.90 

7 

15 

6 

0 

21 

2.71 

French Polynesia 

25 

5 

12 

42 

19.39 

34 

100 

37 

1 

138 

63.73 

Guam 

23 

1 

0 

24 

16.93 

16 

55 

9 

0 

64 

45.15 

Hong Kong 

108 

7 

0 

115 

1.98 

70 

442 

38 

10 

490 

8.43 

Japan 

769 

41 

0 

810 

0.65 

483 

2717 

764 

0 

3481 

2.77 

Kiribati 

0 

0 

0 

0 

0.00 

0 

0 

0 

2 

2 

2.55 

Lao P D R 

11 

1 

2 

14 

0.30 

10 

31 

38 

11 

80 

1.71 

Macao 

7 

1 

0 

8 

1.92 

7 

23 

64 

1 

88 

21.08 

Malaysia 

101 

14 

0 

115 

0.59 

79 

9653 

380 

15 

10048 

51.57 

Mariana Islands, N 

0 

0 

6 

6 

10.44 

5 

9 

0 

1 

10 

17.39 

Marshall Islands 

4 

2 

0 

6 

11.35 

2 

5 

3 

0 

8 

15.14 

Micronesia, Fed Sts 

2 

0 

0 

2 

1.75 

1 

2 

0 

0 

2 

1.75 

Nauru 

0 

0 

0 

0 

p.oo 

0 

0 

0 

0 

0 

0.00 

New Caledonia 

33 

4 

0 

37 

19.92 

20 

90 

21 

0 

111 

59.76 

New Zealand 

432 

19 

0 

451 

12.73 

359 

867 

69 

17 

953 

26.91 

Niue 

0 

0 

0 

0 

0.00 

0 

0 

0 

0 

0 

, 0.00 

Palau 

1 

0 

0 

1 

5.83 

1 

1 

0 

0 

1 

5.83 

Papua New Guinea 

45 

42 

0 

87 

2.13 

42 

124 

111 

1 

236 

5.78 

Philippines 

104 

62 

0 

166 

0.25 

95 

290 

260 

7 

557 

0.85 

Republic of Korea 

20 

5 

0 

25 

0.06 

22 

343 

43 

0 

386 

0.87 

Samoa 

1 

0 

0 

1 

0.62 

1 

1 

0 

0 

1 

0.62 

Singapore 

83 

6 

0 

89 

3.04 

61 

230 

22 

0 

252 

8.59 

Solomon Islands 

0 

0 

0 

0 

0.00 

0 

0 

0 

0 

0 

0.00 

Tokelau 

0 

0 

0 

0 

0.00 

0 

0 

0 

0 

0 

0.00 

Tonga 

5 

0 

0 

5 

5.07 

5 

5 

1 

0 

6 

6.09 

Tuvalu 

0 

0 

0 

0 

0.00 

0 

0 

0 

0 

0 

0.00 

Vanuatu 

0 

0 

0 

0 

0.00 

0 

0 

0 

0 

0 

0.00 

Viet Nam 

197 

18 

0 

215 

0.30 

64 

1557 

222 

30 

1809 

2.51 

Wallis and Futuna 

1 

0 

0 

1 

7.14 

0 

2 

0 

0 

2 

14.29 

Totals 

6915 

413 

21 

7349 

0.45 

4928 

33871 

3185 

2330 

39386 

2.42 


Data from reports received at WPRO as of 1 February 1995. 

(1) Rate per 100,000 population based on WHOAVPR/HIN/Rev/June 1994. 

(2) Totals include AIDS cases. 


Unknown (5.5%) 
Perinatal (0.5%) 
Blood and bid. prods. (9.6%) 
Injecting drug use (8.5%) 

Homosexual* (67.7%) 


Heterosexual (8.3%) 



AIDS 


Unknown (27.4%) 
Perinatal (0.3%) 
Blood and bid. prods. (6.1%) 
Injecting drug use (28.8%) 

Homosexual* (28.0%) 
Heterosexual (9.4%) 



HIV 


Figure 3. Transmission categories, AIDS and HIV, Western Pacific 
Region, cumulative to 1 February 1995. Note: HIV cases of unknown 
origin excluded. ^Includes bisexual transmission. 


are detected through screening procedures such as one 
would have prior to donating blood. Blood donors, how¬ 
ever, represent only a small fraction of the population^. 
One can assume that there are others who are infected but 
who do not belong to the blood donor population. 

To plan, develop and implement programmes, knowl¬ 
edge of the actual magnitude of HIV infection is neces¬ 
sary. Some countries have made estimates. These are 
often based on the number of reported cases, observed 
HIV prevalence rates, and the assumed size of the 
populations at risk. Australia, for example, estimates an 
HIV prevalence of 20,000-25,000, which is quite close 
to the reported figure. The Philippines, however, esti¬ 
mate the number of HIV-infected people at 35,000- 
50,000 compared to a reported 557 HIV infections. 

Most countries in the Western Pacific Region have 
few reported cases, which makes reliable national and 
regional estimates difficult. Keeping these provisos in 
mind, WHO estimates that between 50,000 and 100,000 
people are already infected in the region. 
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HIV and AIDS transmission in countries of the 
Western Pacific Region 

The HIV epidemic in the Western Pacific Region has 
been characterized by wide variations between countries 
in the predominant modes of transmission, reflecting 
their great social, cultural and economic diversity and 
the measures taken to control the spread of the virus. 
Figure 3 shows the distribution of transmission catego¬ 
ries for AIDS cases and HIV infectioiis. It is important to 
note that AIDS figures represent the status of HIV ap¬ 
proximately 10 years before, so that differences in rates in 
the modes of transmission indicate shifts in the way HIV is 
spread from one period to another. Close to 68% of AIDS 
cases in this region have been acquired through homosexual 
or bisexual contact. Injecting drug use and heterosexual 
transmission were responsible for 8.5% and 8.3% of AIDS 
cases, respectively. Note the decreased proportion of HIV 
infection among homosexuals and bisexuals and the in¬ 
creased proportion among heterosexuals and injecting drug 
users. This indicates the greater recent importance of the 
latter two risk categories in the transmission of HIV. 

Figure 4 shows that homosexual transmission remains 
an important mode of transmission in many countries, 
including Australia, French Polynesia, Hong Kong, and 
New Zealand. In Australia, however, the number of ho¬ 
mosexual men diagnosed with HIV is gradually declin¬ 
ing (Figure 5). Another important feature of the Austra¬ 
lian epidemic has been the low proportion of HIV infec¬ 
tions among injecting drug users, which may explain why 
Australia has not seen an epidemic among heterosexuals. 

Although the HIV epidemic in Japan was initially 
confined to people who had received blood products or 
blood transfusions prior to the screening of blood for 
HIV, during the last few years heterosexual transmission 
has been increasing (Figure 6). 

Heterosexual transmission of HIV is predominant in 
many Western Pacific countries (Figure 7). In the Philip¬ 
pines, more than 50% of the reported infections have been 



Figure 4. Transmission categories, HIV cases, selected countries, 
cumulative to 1 February 1995. 

’^AUS - Australia; CHN - China; FRP - French Polynesia; HOK - 
Hong Kong; JPN - Japan; KOR - Republic of Korea; MAA - 
Malaysia; NEZ - New Zealand; PHL - Philippines; VTN Viet Nam. 


acquired by this mode of transmission. In the Republic 
of Korea, eight out of ten AIDS cases and almost 70% 
of HIV diagnoses have resulted from heterosexual con¬ 
tact. Cambodia, Lao People’s Democratic Republic and 
Papua New Guinea show heterosexual transmission of 
HIV in almost all cases where exposure was known. 

In a few countries the role of injecting drug use in the 
transmission of HIV is becoming increasingly promi¬ 
nent. In Malaysia, 79% of the reported HIV infections 



- 53 - 

Heterosexual 

Homo/bisexual 

-[ 3 - 

Inj. drug users 


Figure 5. Trends in HIV infections, Australia, 1987-93. 



Year 


Heterosexual 

O 

Homo/bisexual 


Unknowns 

excluded 


Figure 6. Trends in HIV infection, Japan, 1987-92. 
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Figure 7. Heterosexual transmission, percentage when risks are known. 
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Figure 8. Trends in HIV infections Malaysia, 1987-93. 


were attributed to injecting drug use. This number has 
increased dramatically since 1989 (Figure 8). More re¬ 
cently, Viet Nam has reported increasing number of HIV 
infections, over 80% of which is attributed to injecting 
drug use. China has also reported a significant number 
of HIV-infected injecting drug users, who account for 
69% of all HIV transmission. 

HIV has recently spread in Cambodia, reporting sig¬ 
nificant numbers of HIV infections for the first time in 
1992 and 1993. Although only 1 AIDS case has yet been 
reported in Cambodia, more than 600 people have been 
diagnosed with HIV infection. 


Risk factors for HIV transmission in the 
Western Pacific Region 

Monitoring HIV infection in high-risk groups such as 
prostitutes, people with sexually transmitted diseases, in¬ 
jecting drug users, and homosexual or bisexual men is an 
essential part of HTV surveillance programmes. However, 
the results have to be carefully interpreted as survey meth¬ 
ods differ. Unlinked anonymous testing is the method rec¬ 
ommended for seroprevalence surveys and sentinel surveil¬ 
lance. In practice, voluntary confidential testing, compul¬ 
sory testing of blood donors, and in some cases mandatory 
testing, are also used. As the test methods are not always 
specified and selection bias cannot be excluded, the results 
reported should be taken only as indicative of the situation 
in the areas surveyed. For example, sentinel surveillance of 
HIV infection in sexually transmitted disease clinics in 
Australia®"^® which involve relatively stable population 
sources, performed at regular intervals and using unlinked 
anonymous testing, will yield far more reliable data than the 
irregular surveillance of STD patients in Cambodia. 


Prostitution 

HIV has recently spread rapidly among prostitutes in 
countries such as Thailand and India, which are close to 


the Western Pacific Region. With the exception of Cambo¬ 
dia, available data indicate that the spread of HIV among 
prostitutes has not yet occurred to the same extent in the 
region, even though sex industries catering to both local and 
foreign clients are well established in many countries. 

The highest prevalence of HIV among prostitutes to 
date has been found in Cambodia. In one area, Toul 
Kork, 18 of the 127 (13.2%) women tested were HIV- 
infected. In a coastal area in the South, an unrepresenta¬ 
tive sample of over 200 subjects showed^^ a prevalence 
of 38%. In Malaysia HIV prevalence among prostitutes 
has increased gradually, from zero in 1988 to 1.3% in 
1991. In the mid-1980s, the prevalence of HIV among 
prostitutes tested in the Philippines was between 1.0 and 
2.5%. Recent surveys, however, in Baguio and Cebu in 
the Philippines found no infection among more than 800 
prostitutes tested, although testing bias could not be ex¬ 
cluded. More recently, a survey in Metro Manila suggests 
a prevalence of 0.1-1.0% in this population group^^. 

In the Republic of Korea, 411,125 tests performed 
between 1985 and 1991 revealed only 11 positive cases. 
No infection has been documented recently among 
prostitutes in Australia, Japan or Singapore. 


Injecting drug use 

The problem of HIV transmission through injecting drug 
use is escalating in Malaysia, where prevalence among 
injecting drug users rose from 0.1% in 1988 to 6.9% in 
1992. In Viet Nam in early 1993, 92 out of 1061 (8.7%) 
of injecting drug users were found to be infected, most 
of whom came from Ho Chi Minh City. This has since 
increased to a cumulative percentage of 81% of 1809 
reported HIV infections as of 1 February 1995. In 
China, injecting drug users infected with HIV were con¬ 
centrated in Yunnan Province. Recent data, however, 
have indicated infection in other provinces as well. In 
Australia, the prevalence of HIV among injecting drug 
users remains at less than 5%. This may be attributable to 
the extensive efforts made to educate and protect injecting 
drug users in Australia, particularly with needle and sy¬ 
ringe exchange programmes. 

Homosexual and bisexual activity 

Surveys conducted among men who have sex with other 
men show a range of prevalence from a localized high of 
30.3% in Sydney, Australia, to zero in the Philippines. 
Japan and Singapore show a prevalence of 2.0% and 
3.6%, respectively. Although the situation has stabilized 
in countries like Australia and New Zealand, data are 
still lacking on this transmission category in such coun¬ 
tries as Cambodia, China, the Lao People’s Democratic 
Republic, Malaysia, the Republic of Korea and Viet 
Nam. 
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Use of blood products 

Blood transfusion and the use of blood products for 
haemophiliacs account for 6.1% of HIV transmission in 
the Western Pacific Region. The majority of these cases 
have been reported by Australia and Japan and represent 
transmission prior to the introduction of screening of the 
blood supply in 1985. 

Perinatal transmission 

Surveys performed to date among pregnant women have 
found virtually no HIV infection. This may be the rea¬ 
son for the less than 60 reported HIV infections and 
nineteen AIDS cases transmitted from mother to child 
within the region. 

Sexually transmitted diseases 

Systematic surveillance among those suffering from 
sexually transmitted diseases has been carried out in Fiji, 
Hong Kong, Papua New Guinea and Singapore. These 
and other studies show low levels of infection. In Cam¬ 
bodia, however, a recent study found 4.2% of 72 patients 
were infected. For the remaining countries, the lack of 
data is a result of insufficient surveillance in this category. 

Future trends 

Any forecasts of the future magnitude of HIV infection 
in the Western Pacific Region are bound to include wide 
margins. This is because there are many determinants of 
the infection and their significance for the region has not 
been thoroughly assessed. Present estimates suggest a 
two- to four-fold increase in the prevalence of HIV in¬ 
fection for the Western Pacific Region by the year 2000. 
This would mean that 100,000 to 400,000 people would 


be infected. However, many factors unique to the region 
may affect these figures; for example, the high level of 
literacy in most countries in the region, the large num¬ 
bers of people with access to radio and television, the 
wide circulation of newspapers, magazines and books, 
the well-developed health infrastructure, especially in 
respect of maternal and child health and family plan¬ 
ning, and the relatively low prevalence of ulcerative 
sexually transmitted diseases may lead to a lower 
prevalence of HIV. However, other factors, such as 
proximity to areas of high prevalence of HIV infection 
and injecting drug use, large-scale migration, and com¬ 
placency may have the opposite effect. These factors 
will vary in importance in different countries. An essen¬ 
tial part of HIV surveillance and prevention programmes 
is to single out the risk factors for spread and to imple¬ 
ment locally appropriate strategies. 
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In the early 1980s the belief that Asia might avoid a Because most other Asian countries have not 


major HIV/AIDS epidemic was widespread. As the 
epidemic spread in the Western world and devastated 
Sub-Saharan Africa, Asia appeared strangely immune. By 
the end of 1987, Asian countries had reported only 252 
AIDS cases to the World Health Organization^ and when 
a case did appear in Asia, it was most often associated 
with Asian men who had sex with men who had sexual 
contact with foreigners or had travelled abroad or with 
haemophiliac’s use of foreign blood products. Indigenous 
transmission in observed AIDS cases was rare. 

To explain this low rate some speculated that Asians 
might have a natural resistance to HIV infection. Others 
said that traditional Asian morality and the value placed 
on families were protecting the continent from the 
epidemic. The region seemed to have little cause for 
concern, and most countries did not undertake any large- 
scale efforts to prevent or slow down the spread of HIV. 

In early 1988, this belief in Asia’s immunity to the 
AIDS epidemic was shaken as HIV prevalences in 
injecting drug users in Thailand increased rapidly from 
zero to 30% over an 8-month period^. At the same time, 
studies of female commercial sex workers in Bombay and 
Madras revealed^ HIV infection levels of 5%. Prior to this 
time, some HIV testing had been done among populations 
vulnerable to HIV in Asian countries, including Thailand 
and India, but had rarely found infection levels exceeding 
1% in any groups other than haemophiliacs and men 
having sex with men. During the next few years, both 
India and Thailand saw rates of HIV infection climb first 
in injecting drug users and commercial sex workers, then 
in male patients with sexually transmitted diseases 
(STDs), and finally in pregnant women. For example, by 
mid-1993 nationwide median HIV prevalences in STD 
patients and antenatal clinics in Thailand had grown to 
8.0% and 1.4%, respectively"^. In Bombay by 1993 STD 
clinics showed rates as high as 26% and rates among 
antenatal women were approaching 1% (ref. 3). Studies of 
risk factors done in India and Thailand found that most of 
the infections had been contracted through heterosexual 
intercourse. Although the rapid spread of HIV started 
among injecting drug users and commercial sex workers, 
by the early 1990s the epidemic had clearly established 
itself in the general population. 


conducted as extensive HIV testing as India and 
Thailand, their situation is more difficult to assess. In 
most countries of the region, the number of reported 
AIDS cases is small, as seen in Table 1, which shows 
the cumulative number of AIDS cases reported through 
the end of 1990 and through mid-1994. In many of the 
countries the HIV/AIDS epidemic has remained largely 
invisible, although the increasing AIDS numbers show 
that an epidemic is underway in most of them. 

Several factors have contributed to this invisibility. 
The first is the nature of HIV itself. In the past many 
Asian countries have relied largely on reported AIDS 
cases for data, with only limited HIV testing. Because 
illness takes many years to develop, and the introduction 
of HIV in much of Asia occurred in the mid-1980s, case 

Table 1. Number of AIDS cases reported to the World Health 
Organization by Asian countries through December 1990 and June 
1994. Source: Global Programme on AIDS 1994 


Country 

December 

1990 

June 1994 

Bangladesh 

1 

1 

Bhutan 

0 

0 

Cambodia 

0 

0 

China 

5 

36 

Democratic People’s 



Republic of Korea 

0 

0 

Hong Kong 

27 

99 

India 

52 

713 

Indonesia 

9 

49 

Japan 

294 

713 

Laos 

0 

14 

Malaysia 

15 

107 

Mongolia 

0 

0 

Myanmar 

0 

261 

Nepal 

4 

24 

Philippines 

37 

136 

Republic of Korea 

7 

19 

Singapore 

21 

75 

Sri Lanka 

6 

37 

Thailand 

69 

5654 

Vietnam 

0 

107 
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numbers remain low. in addition, reported numbers are 
lower than the actual number of cases because HIV 
disease manifests itself through other diseases, such as 
tuberculosis and pneumonia. As a consequence, AIDS is 
often misdiagnosed or goes unrecognized, especially 
when physicians are not expecting it. This, along with 
the social stigma of AIDS in most Asian societies, has 
resulted in underreporting of AIDS cases. 

The second factor is the lack of extensive HIV 
surveillance systems similar to the sentinel 
seroprevalence system in Thailand^. Most countries have 
only recently begun to establish systematic prevalence 
testing on even a limited scale. Thus, the quality and 
quantity of the available HIV data are only now 
beginning to improve. 

The third factor is the public reluctance in Asian 
societies to discuss or admit to the behaviours that 
transmit HIV: injecting drug use; homosexual 
intercourse; and extramarital or premarital commercial 
and casual sexual intercourse. In most Asian countries, 
the limited studies of injecting drug use, sexual 
partnering patterns and sexual practices have focused 
primarily on attitudes toward drug use and extramarital 
and premarital sex, not on actual behaviour. While the 
surveys generally find that publicly expressed attitudes 
toward sexual activities outside marriage are negative, 
men are often allowed great latitude to engage in them 
without sanctions. These negative attitudes and the 
public reluctance to discuss the issues give the false 
impression that the risk behaviours needed to sustain an 
epidemic do not exist in many Asian societies. 

However, despite these limitations sufficient HIV and 
AIDS data do exist to reveal certain similarities and 
differences between Asian countries. For example, the 
rates of HIV spread within different countries vary 
significantly. Although the first AIDS cases appeared in 
both Thailand and the Philippines in 1984, by 1993 
infection levels among commercial sex workers were 
much lower in the Philippines, 0.6%, compared to 
approximately 9% among Thai nonbrothel-based 
commercial sex workers'^’^ Current data indicate that the 
rate of spread is quite high in some countries, for 
example, Cambodia, India, Myanmar and Thailand, but 
is substantially slower in others, such as China, Hong 
Kong, Japan, the Philippines and the Republic of Korea. 

The relative importance of different transmission 
modes also varies substantially. In Japan, haemophilia 
patients who received blood products imported mostly 
from the United States account for 64% of all AIDS 
cases^. In China and Malaysia most AIDS cases cite 
injecting drugs as the route of exposure^’^, but in Japan 
fewer than 1% of nonhaemophiliac AIDS cases are 
attributed to injecting drugs^. In Hong Kong, India, 
Indonesia, and Thailand most infections in reported 
AIDS cases have been through sexual intercourse^’'^^’^’^^. 
However, in Hong Kong and Japan infection through 
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homosexual intercourse is more common, while 
heterosexual intercourse is the more frequent 
transmission route in the other countries. 

The HIV/AIDS epidemic in Asian countries is 
dynamic in nature, and the comparative contribution of 
the various transmission routes is changing with time. | 
One striking similarity among the countries of Asia is ; 
that most are either seeing or moving toward 
predominantly heterosexual transmission of HIV. For 
example, in Hong Kong, while the overall ratio of 
homosexually transmitted to heterosexually transmitted 
HIV infections is 1.17 to 1.00, if one only considers 
those infected in 1993, the ratio is 1 to 2 in favour of 
heterosexual infections^. Japan has almost twice as many 
detected heterosexual HIV infections as homosexual 
infections, and new heterosexual AIDS cases have ; 
outnumbered homosexual AIDS cases since 1992 (ref. ; 
6). In Singapore, a second wave of heterosexual f 
infections is now following the initial wave of ; 
homosexual infections^\ There is little doubt that in the 
long term the HIV/AIDS epidemic in Asia will be i 
principally a heterosexual epidemic. Heterosexual risk | 
behaviour is thus playing a key role in the epidemic. * 

I 

I 

The roles of commercial, casual and marital sex I 
in the heterosexual epidemic 

If the course and severity of the epidemic in Asia are to | 
be anticipated and an understanding reached of the 
variation among countries, exploring the forms of 
heterosexual transmission and their relative 

contributions to the epidemic is important. Heterosexual 
transmission can occur in three settings: during 
commercial sex, during noncommercial casual sex 
outside marital relationships, and during marital coitus. 
Comparing the relative rates of transmission in these 
settings and examining the prevalence of each in Asian 
societies may help to clarify the situation. Before 
looking more closely at these factors, a brief 
examination of the Thai situation can provide valuable 
insights into the factors influencing a heterosexual 
epidemic. 

The Thai HIV/AIDS epidemic has been one of the 
most intensively studied epidemics in history. Although j 
the first Thai AIDS cases occurred in 1984, the 
epidemic did not begin to spread rapidly until late 1987 
among injecting drug users. In 1989, comparatively 
early in the epidemic, Thailand established national 
surveillance for HIV that has allowed tracking of the 
epidemic’s progress^^’^^. Based on these data, collected 
by the Ministry of Public Health and the Royal Thai 
Army, and on extensive epidemiological and behavioural 
studies, the patterns of the Thai epidemic are well 
understood. Five waves have been observed: (1) injecting 
drug users; (2) female commercial sex workers; (3) clients 
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of commercial sex workers; (4) wives and girlfriends of 
clients and (5) children bom to infected mothers. (For more 
detailed material on the Thai epidemic, see refs. 2,4). 

Unlike HIV/AIDS epidemics in the West, where the 
contribution of heterosexual transmission has been low, the 
Thai epidemic has seen a rapid spread among 
heterosexuals, with infections among female commercial 
sex workers spreading particularly fast. For example, 
limited testing of sex workers in Chiangmai in northern 
Thailand in 1987 found no HIV, but by 1989 levels had 
surpassed 40% in brothel based sex workers^. This 
explosive growth in infection among brothel-based female 
commercial sex workers resulted both from the large 
numbers of clients they serviced and from the sex workers’ 
high levels of other STDs, which enhance HIV 
transmission. At the same time, infection levels among 
indirect sex workers, working out of bars, nightclubs and 
restaurants grew more slowly because both their client 
numbers and STD levels were lower. For example, in mid- 
1990, when HTV prevalence among brothel-based sex 
workers was 14% nationwide, it was less than 3% among 
indirect sex workers. 

Despite the rapid growth in infection among sex 
workers, the bulk of the country’s present HIV 
infections resulted from the third and fourth waves: 
clients of sex workers and their female sexual partners. 
In 1990, the Survey of Partner Relations found that 
23.4% of Thai men between 15 and 49 years of age had 
engaged in commercial sex in the last year^"^. This large 
pool of susceptible males, in conjunction with high rates 
of female sex worker to client transmission^^, contributed 
to a rapid rise in new male infections between 1989 and 
1991 (ref. 16). The rate of new male infections has now 
slowed substantially because of an aggressive national 
program that has increased condom use, brought about a 
substantial drop in STD levels, and reduced the number of 
men visiting sex workers, but the third wave has left 
behind close to half a million infected males. 

The fourth wave, wives and girlfriends of clients of 
commercial sex workers, proceeds at a slower but 
relentless pace. Recently completed studies have found 
that transmission from infected husband to wife occurs 
at a much lower rate than from sex workers to clients' . 
This probably results because rates of STD co-infection 
are lower in both marital and noncommercial casual 
sexual contacts than in commercial contacts. However, 
because married couples and noncommercial sexual 
partners rarely use condoms in Thailand, in the absence 
of intervention most infected men will eventually infect 
their wives or girlfriends, although it may take several 
years. Thus, female infections, which currently number 
about one quarter of a million, lag substantially behind 
male infections. This is in contrast to the situation in 
Africa, where male and female infection levels are 
roughly equal, and reflects the important role played by 
commercial sex in the early dynamics of the Thai 
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epidemic. The extent to which unmarried Thai women 
are at risk depends largely on how males’ sexual 
networks link casual and conunercial sex. Because 
women married to infected men outnumber sex workers,' 
most infected women in Thailand contracted their 
infections from their husbands, despite the higher HIV 
transmission rates in commercial sex. 

Other countries can learn several important lessons 
from the Thai experience. If a country has a sex worker 
population with high client numbers and STD levels, then 
the growth of HIV can be explosive. Given that HIV had 
been introduced to Thailand as early as 1984, but that 
infections among commercial sex workers were rarely 
found until 1988, this indicates that a substantial delay 
can occur between HIV introduction and the beginning of 
this explosive growth. The absence of detected HIV 
infections in commercial sex worker populations today 
should not be misconstrued as the absence of potential for 
a rapid spread of HIV. The much lower seroprevalence 
among indirect workers compared to brothel-based 
workers shows that the frequency with which commercial 
sex workers have clients has a significant effect on the 
rate of infection on a national scale. Thus, the relative mix 
of brothel-based commercial sex with other forms of 
commercial sex may provide some indication of the 
overall vulnerability to the rapid spread of HIV. Finally, 
the rate of HIV transmission in commercial contacts and 
in marital or noncommercial casual contacts can vary 
greatly, perhaps by an order of magnitude or more. Thus, 
the heterosexual epidemic may proceed much more slowly 
in countries where noncommercial casual sex is more 
common than commercial sex. 

As noted earlier, the predominantly heterosexual nature 
of the AIDS epidemic is becoming apparent in most Asian 
countries. Based on the analysis of the Thai epidemic 
presented here, the rate of growth and ultimate magnitude 
of the HIV/AIDS epidemic in each Asian country will be 
determined largely by: the prevalence of heterosexual 
commercial sex; the overlap between commercial, casual 
and marital sex; and the levels of other sexually transmitted 
diseases. To assess whether a particular country or 
population is likely to face major HIV problems, these are 
the factors that must be examined. The remainder of this 
paper will, therefore, focus on the levels of heterosexual 
risk in the countries of Asia to assess the potential for the 
spread of HIV in the region as a whole. 

Heterosexual risk behaviour in Asia - 
commercial sex 

As India’s and Thailand’s experiences have shown, 
commercial sex can play a critical role in HIV 
transmission in Asia. While commercial sex is certainly 
not unique to Asia, it may have more of a role in 
epidemics in the region than in other parts of the world. 
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Commercial sex, despite frequent public condemnation, 
has a long history of tacit acceptance in many Asian 
societies. As a consequence, it is widespread, and sex 
workers often have large numbers of clients. For the 
human immunodeficiency virus, these high client 
numbers offer two obvious advantages: (1) commercial 
sex workers have higher than normal rates of infection 
and reinfection with other sexually transmitted diseases, 
which enhance HIV transmission; and (2) the larger 
numbers of sexual partners offer increased opportunities 
for the virus to spread from client to sex worker and 
fro^ sex worker to client. These factors have driven the 
rapid growth of HIV seen in Cambodia, India, Myanmar 
and Thailand. 

Efforts at HIV prevention during commercial sex are 
often hampered by the comparative lack of control sex 
workers have over sexual transactions in Asian societies, 
where control usually rests with the client. Thus, even if 
a sex worker wants to take precautions against disease 
transmission, for example, by using condoms, this is not 
her choice to make. This lack of control greatly 
increases the workers’ vulnerability to HIV and other 
STDs. 

The roots of commercial sex in Asia are both cultural 
and economic. Culturally, widespread gender inequality 
in sexual matters is the most important factor 
contributing to the demand for commercial sexual 
services. Many Asian societies have very different 
expectations from men and women in terms of sexual 
behaviour. Women are almost universally expected to be 
virgins at marriage and not to engage in extramarital 
sexual activities. For men, by contrast, despite publicly 
expressed attitudes opposing premarital and extramarital 
sex, strong societal sanctions against such practices are 
lacking and in some places men are expected to be 
sexually experienced at the time of marriage or people 
believe that men need sexual variety. This creates an 
imbalance between male sexual demand and female 
sexual supply. While many men seek sexual contact 
outside of marriage, either premaritally or 
extramaritally, few women are available. This creates 
the high demand for female commercial sexual services. 

Growing economic prosperity and economic disparity 
between urban and rural areas are also fuelling the 
growth of commercial sex in the region. While the 
countries of Asia as a whole are experiencing phenomenal 
economic growth, the resulting benefits are not equally 
distributed between urban and rural areas. While 
improving economic conditions drive an increasing 
consumerism, permeating the rural villages, where most 
Asians live, the resulting employment opportunities are 
generally concentrated in urban areas. This increases the 
urban/rural economic disparity, leaving villagers without 
the means to pay for either the basic necessities of life or 
for the consumer items and luxuries that are becoming 
national norms. Lacking the education or training 
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necessary for many of the newly created jobs, many young 
female villagers turn to commercial sex as an alternative 
for supporting their families. The steady flow of men and 
women into urban areas for work also removes them from 
their traditional social environments and disrupts social 
norms, thereby further increasing the demand for and 
acceptability of commercial sex. 

Economic disparity is growing not only between urban 
and rural areas, but also between countries in the region. 
This has fuelled an active international sex trade 
encompassing both sexual tourism and commerce in 
female sex workers. Men visiting commercial sex 
workers while travelling is commonly reported 
throughout Asia (see, for example, ref. 18 on Japanese 
men in Thailand and ref. 19 on Korean men). As 
education, improving economic conditions, and the fear 
of HIV reduce the supply of sex workers in Thailand, 
the deficit has been made up by sex workers with lower 
education levels and less knowledge of the AIDS 
epidemic imported from Myanmar and China. This is a 
regionwide phenomenon: Nepalese sex workers often go 
to India for work, Vietnamese sex workers are 
frequently found in Cambodia, and Thai sex workers are 
regularly imported into Japan. Should any of these 
women test positive for HIV during their foreign 
employment, they are inevitably returned to their 
country of origin. As a consequence, many of the 
earliest female AIDS cases in Asia are women who 
formerly worked for commercial sex in other countries 
and may have contracted HIV there. 

The tacit acceptance of commercial sex and the high 
male sexual demand, combined with poverty and 
increasing consumerism, make commercial sex work an 
economically attractive alternative for women, 
especially those with little education or from poor 
families, and the supply/demand imbalance guarantees 
that female commercial sex workers will have a steady 
flow of clients, making it a viable profession. 

The quiet"acceptance of commercial sex is fostered by 
strong historical traditions in many Asian cultures. In a 
number of countries, laws against commercial sex are 
historically recent. Given the time often needed to effect 
changes in cultural beliefs and attitudes, in many 
countries the legal sanctions against commercial sex 
may be in direct conflict with an underlying cultural 
acceptance of the practice, resulting in lax enforcement 
of these laws. For example, China has a long history of 
both government and privately run commercial sex, 
perhaps starting as early as the seventh century BC^°. It 
was only when the communists came to power in 1949 
that commercial sex was made illegal. Despite legal 
restrictions, the recent rapid economic expansion, 
especially in southern China, has fuelled the growth of 
commercial sex and arrests of sex workers and clients 
have been increasing. In the Ayuddhya period in 
Thailand (1350-1767), commercial sex was both legal 
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and subject to government tax, becoming illegal only in 
the T950 s (ref. 21). In India, the Hindu tradition of 
dedicating girls (Devadasi) to gods and goddesses 
lowered the stigma against these women engaging in 
commercial sex work and provided a cultural basis for 
accepting commercial sex^^~^^. 

The result of these cultural, traditional and economic 
factors is that every country in Asia has a commercial 
sex industry, although in most places it is technically 
illegal. Because the number of clients is high and drawn 
from all strata of society, commercial sex occurs in a 
number of settings and forms to cater to the diversity 
and economic resources of the clientele: brothels, tea 
houses, coffee shops, street walkers, barber shops, 
massage parlours, and so on. The relative mix of these 
settings varies substantially from country to country. In 
most countries, the extent of the sexual service industry 
has been poorly determined, largely because of its 
illegality and the resulting invisibility of the sites, public 
reluctance to discuss the issue openly, and the protection 
afforded from official scrutiny by its economic 
profitability. While investigators have conducted 
numerous studies of commercial sex workers in Asia, 
these have focused primarily on the women’s health and 
working conditions and very few have examined the 
total number of sex workers or establishments. Similarly, 
studies exploring the extent and practices of men who 
visit commercial sex workers are a recent development, 
prompted largely by the HIV/AIDS epidemic. Many of 
these studies, for example, in Malaysia, the Philippines, 
Singapore and Thailand were part of the effort by the 
World Health Organization’s Global Programme on AIDS 
to encourage and support studies of sexual risk behaviour 
worldwide^^. In several cases, these studies have proven 
extremely valuable in making policy-makers aware of the 
potential problems their countries face. 

While current data on clients are limited and not 
always strictly comparable because of variations in 
sampling, population subgroup, underreporting 
differences, and information gathered, the highest rates 
of commercial sex have been reported in southeast 
Asian countries and the lowest in east Asian countries. 
Nevertheless in each country that has examined the 
situation, the fraction of the total male population 
visiting sex workers is not insubstantial, thereby 
creating the potential for rapid spread of HIV. For 
example, in Thailand in 1990 the Survey of Partner 
Relations found that 23.4% of males had visited a sex 
worker within the last 12 months^"^. This number had 
dropped to 10.1% by 1993. In Phnom Penh, Cambodia, a 
survey in 1993 found that 41% of sexually experienced 
males had visited a sex worker within the last year^^. A 
survey in Manipur state, India, found that 19.1% of 
married men had visited a commercial sex worker in their 
lifetimes^^. East Asian numbers appear somewhat lower, but 
researchers suspect underreporting. For example, in a 


survey conducted by the Hong Kong AIDS Foundatipn in 
1992, 5.5% of male respondents had visited sex workers in 
the last 12 months^l An earlier survey in Hong Kong had 
found that 22% of males had visited a sex worker by age 26 
(ref. 29). Similar numbers have been noted in Singapore. In 
a sample of international travellers in Korea, 24% reported 
having paid for sex in the last 5 years^^. 

Heterosexual risk behaviour in Asia - non¬ 
commercial casual sex - premarital and 
extramarital sex 

Needle sharing and commercial sex have often provided 
the initial high-grade fuel for Asian HIV/AIDS 
epidemics, resulting in infection of a large fraction of 
injecting drug users, female commercial sex workers, 
and clients of sex workers. From the clients HIV spreads 
to their girlfriends and wives. Unless condom use among 
married couples is common as a contraceptive, husbands 
who are infected through commercial sex will almost 
invariably transmit the infection to theif wiv4s. These 
women are at high risk even though they are engaged in 
‘low-risk’ behaviour, thereby illustrating the danger of 
not considering the risk of all potential avenues of 
heterosexual HIV transmission. Thus, assuming that all 
infected males eventually marry, the size of the female 
population at high risk of HIV infection is the same as 
the population of male clients. If one includes 
extramarital and premarital sexual contacts, and the 
possibility that males may have multiple female partners 
over a period of time, the female population at risk 
becomes larger than the male population at risk. 

While comparatively few studies have looked at 
sexual networks in the region, many have inquired about 
levels of extramarital and premarital sex. The findings 
raise serious concerns throughout Asia. In general, the 
studies confirm the difference in levels of male and 
female extramarital and premarital sex. In Japan, for 
example, a 1990 survey found that 19% of urban 
married males reported extramarital intercourse in the 
last 12 months compared to only ^% of women . A 
study in Eastern Shan State in Myanmar found that 
40.3% of married men, but only 5.5% of married 
women, reported extramarital intercourse during their 
lifetime^^ In Manipur state, India, 27.8% of unmarried 
men and 11.3% of unmarried women reported having 
had intercourse^^. In Nepal 24.1% of males and 14.9% 
of females reported premarital sex. The investigators 
observed a strong association of seasonal migration with 
premarital and extramarital sex in this case^^’^^. Similar 
high levels of extramarital and premarital sex have been 
found in many other countries, even when gender 
differences are not reported. For example, in Malaysia 
33% of sexually experienced men and 11% of married 
men reported casual sexual contacts in the last year . In 
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Korea, 46% of males who travelled internationally 
reported extramarital sex in the last 5 years^^. 

There are some indications that male and female 
behaviour may be changing among adolescents in some 
parts of Asia, with closer equality of male and female 
premarital sex. For example, in a survey of final-year 
Japanese high school students, 20.5% of males and 22.9% 
of females reported sexual experienced"^. A similar study of 
students in Hong Kong found that 21% of males and 19% 
of females reported sexual experienced^. How this translates 
into changes in partnering patterns and the relative mix of 
commercial and casual sex is not known. 

The final factor that will influence the growth of the 
heterosexual epidemic is the linkage between 
commercial and casual sex. Studies of sexual networks 
in Thailand have found that most of the men visiting 
commercial sex workers often have one or more 
girlfriends prior to marriage, which may place their 
casual partners at riskd^’d^ studies in Hong Kong and 
Singapore, in contrast, have shown less overlap between 
commercial and casual sexual relations, with most males 
having primarily commercial or casual contacts, but 
usually not both, prior to marriage. The total risk to 
women having casual sex with clients of sex workers 
may thus vary greatly from country to country. 
However, it should be remembered that HIV risk in a 
sexual network is not confined to simultaneous overlap 
of casual and commercial partners but is cumulative. If a 
single man engages in commercial sex while young and 
becomes infected, then all subsequent partners, 
including his future wife, are at risk. 

Implications for the HIV/AIDS epidemic 

Although most Asian countries report low numbers of 
AIDS cases and detected HIV infections, the trend is 
clear: heterosexual sex is becoming the dominant 
contributor to the growth of the HIV/aIdS epidemic in 
Asia. What does this mean for the future progression of 
the Asian epidemic, for intervention, and for future 
research needs? 

Despite the limited availability of behavioural and 
epidemiological data, an explanation of the variation 
between countries is possible. Those countries seeing a 
rapid spread of HIV, for example, Cambodia, India and 
Thailand, are countries where commercial sex is 
common and a large percentage of the male population 
are clients of commercial sex workers. The resulting 
large number of nightly clients for commercial sex 
workers combines with elevated levels of other STDs to 
produce extremely high HIV transmission rates. The 
result is the frighteningly rapid growth of the epidemic. 
Those countries with lower rates of growth, for example, 
Hong Kong, Japan and the Philippines, are those where 
casual sex is as common or more common than 


commercial sex (but where commercial sex services still 
exist, although to a lesser extent) with lower overall 
levels of heterosexual risk. The epidemic has spread 
more gradually in these countries, but even within these 
countries, commercial sex presents greater risk for 
contracting HIV, and most early male heterosexual 
AIDS cases are associated with it. Thus, heterosexual 
risk in commercial settings is becoming the dominant 
factor in reported AIDS cases. 

Casual sex has played less of a role in Asian AIDS 
epidemics, both because it occurs less often than in the 
West or in Africa, and because the transmission rates 
associated with it are lower. The female/male imbalance 
in sexual activity in Asia has slowed the spread into the 
unmarried female population. This is not to say that 
interventions can ignore casual sex, especially in the 
light of recent trends toward increasing casual sexual 
activity among females of the younger generation at 
precisely those ages where most sexually transmitted 
diseases, including HIV, are concentrated. Casual sex 
also deserves serious attention because the lov/ 
perception of associated HIV risk leads to low levels of 
condom use. Even in countries such as Thailand, where 
condom use in commercial sex has risen dramatically, it 
remains quite low in casual sex, despite a large reservoir 
of currently infected males. 

However, while most male infections in Asia over the 
next several years will occur in commercial settings, 
most female infections will happen in marital settings. 
Because comparatively few Asian females engage in 
casual sexual contacts, most of their HIV risk accrues 
from the sexual practices, current or past, of their mates. 
These cases will grow more slowly because of low HIV 
transmission rates in the absence of STDs, but they will 
grow inexorably unless interventions can be developed 
to address the risk posed to Asian women by their 
spouses’ premarital and extramarital sexual activities. 

Although existing behavioural data are limited and 
much research remains to be done, sonie subregional 
patterns are becoming apparent. Most countries of 
southeast Asia share a common pattern of tolerance 
toward commercial sex and frequent use of commercial 
sex services by males. This leaves these areas vulnerable 
to the same explosive growth seen in Thailand, and 
indeed, this is now being seen in Cambodia, Myanmar, 
and perhaps Vietnam. In east Asia, data are more 
limited, but studies indicate that commercial and casual 
sex occur at lower levels than in southeast Asia, with 
less overlap between casual and commercial sex. 
Nonetheless, a substantial portion of the male 
population has made use of commercial sex services in 
their lifetimes. These countries still have large enough 
populations of clients for the heterosexual epidemic to 
grow quite large. It will just take more time to get there. 
South Asia is somewhat of an enigma with fewer 
behavioural studies done, as well as substantial 
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variations in behaviour and practices even within 
countries, for example, in India. This has resulted in 
geographically uneven growth of the epidemic in India 
and makes assessing the country as a whole more 
difficult. No behavioural risk or epidemiological data 
are available for countries such as Bangladesh and 
Pakistan However, the absence of data does not imply 
an absence of risk, and the case of India shows the 
potential for HIV spread in the south Asia subregion. 

The heterosexual nature of the AIDS epidemic in Asia 
has consequences for the ultimate size of Asian 
epidemics. In one sense, epidemics in men having sex 
with men and in injecting drug users are self-limiting, 
because they constitute a. comparatively small fraction 
of the total population. For example, in most places 
injecting drug users make up less than 1% of the total 
population and men having sex with men may represent 
2-3%. Heterosexuals, however, make up the bulk of any 
population; thus, the group of susceptible people is 
much larger. The risk for individuals is also raised 
depending upon their age. For example, while in Hong 
Kong and the Philippines only a few per cent of males 
visit commercial sex workers, these men are 
concentrated in the 15-30 age range, meaning that the 
risk for individuals in this age range is substantially 
elevated. 

This analysis has several implications for intervention 
programmes. Urgent intervention to reduce HIV 
transmission in commercial sex is essential. The national 
programme in Thailand has demonstrated that condom 
promotion, aggressive STD control, and mass media 
campaigns can radically reduce the rates of disease 
transmission in commercial sex^^. These efforts have 
succeeded largely because authorities worked with 
brothel owners and sex workers to increase condom use 
and improve STD treatment, while simultaneously using 
mass media and workplace interventions to reach 
clients, rather than attempting to eliminate commercial 
sex. Given the cultural and economic forces sustaining 
the commercial sex industry, eradication in the short 
term is an idealistic, not a realistic, option. If one merely 
removes the supply of sexual services without altering 
the demand, the demand will express itself elsewhere. 
Commercial sex will be driven underground and 
intervention will become impossible. Such efforts will 
have the net result of promoting the spread of HIV. For 
now, it is better to focus on decreasing the HIV risk 
associated with commercial sexual contact through 
condom promotion and STD control. 

From both the public health and human rights 
viewpoints there are clear reasons to discourage 
commercial sex, but this is a long-term, not a short-term 
strategy. Efforts should begin now to change the norms 
and practices of young people regarding commercial sex 
before their sexual habits have formed. Mass media 
approaches can be used to reach the public and show the 
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negative aspects and risks associated with commercial 
sex. However, such efforts must be handled with care so 
as not to stigmatize further sex workers. Other long-term 
approaches include working on the roots of the 
commercial sex industry: poverty and social 
displacement. Development policies can increase 
employment and educational opportunities for young 
women, especially in rural areas, so they have fewer 
incentives to engage in commercial sex work. This 
might be done by providing scholarships for young, 
rural women to allow them to continue their education 
beyond primary school. In developing new industrial 
zones, consideration should be given to moving entire 
families rather than asking husbands to leave their wives 
and children behind when they leave to find work. This 
will help by providing a more normal social 
environment, thereby reducing the demand for sexual 
services. Finally, efforts to improve women’s status and 
their control in sexual situations should continue, 
because the roots of Asia’s HIV problem lie in the 
inequality between the genders. 

Intervention in the casual and marital sex arenas are 
also needed. At present condom use in casual sexual 
contacts is almost nonexistent in most of Asia. As the 
heterosexual spread of HIV infection continues, this 
places large numbers of people at risk for contracting 
HIV. Focusing on this is particularly important in 
countries with strong sexual network linkages between 
casual and commercial sex, for example, in southeast 
Asia. General efforts to educate the public should stress 
that all vaginal sex carries a risk of HIV transmission, 
focusing on the act rather than on the partner. Too often 
in the past the emphasis has been on commercial sex in 
education messages, not on vaginal transmission, 
leaving many with the impression that it was who you 
had as a partner, not what you did, that placed you at 
risk. Education efforts should teach proper use of 
condoms and negotiating skills for sexual situations. 
Another essential component of programmes to address 
casual sex should be the reduction of barriers to access 
to condoms and STD treatment for single men and 
women. In many places,' for example, Indonesia , 
unmarried people face significant social and structural 
barriers to condom access or STD treatment. 

For women in Asia, the greatest risk of HIV comes, 
from regular sexual partners, primarily husbands. In 
marital settings, approaches to increase sexual 
communication between husbands and wives should be 
explored. Married Asian women need to understand the 
risks they face. This will only happen if husband and 
wife discuss sexual matters and come to a mutual 
understanding. Part of these efforts will involve 
education to make women aware of the levels of 
premarital and extramarital activity in their countries, 
and part will be training in skills and building 
mechanisms of peer support so that women are in a 
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position to influence their husbands’ behaviour. In 
addition, governments could consider promoting 
voluntary premarital or pre-pregnancy testing apd 
counselling. If properly executed, such efforts might 
encourage men to reduce their premarital and 
extramarital risks, while providing women with the 
knowledge they need to protect themselves. 

Finally, an examination of the existing situation 
emphasizes the need for expanding knowledge about 
sexual risk in Asian countries. While studies have been 
done in many countries, they are of varying quality and 
generalizability. Only a handful are scientifically 
executed nationwide samples that can be said to 
represent adequately the behaviours in the country. In 
many cases, studies have been weakened by high levels 
of nonresponse. In most Asian countries, little or no 
information is available on sexual behaviour in rural 
areas, where most people live. In other countries no 
representative sexual behaviour studies have been done 
at all. If national policies are to be based on a realistic 
appraisal of the level of HIV risk in a country, and if the 
effectiveness of intervention programmes is to be 
evaluated, regular, consistent and methodologically 
sound surveys need to be conducted at regular intervals. 
Given the importance of commercial sex in the Asian 
HIV/AIDS epidemics, such studies should explicitly 
gather information on both casual and commercial sex. 
Behavioural surveillance should be an essential 
component of every national AIDS programme, with 
national surveys executed every 2 or 3 years to track 
trends and changes. Two such studies done 3 years apart 
in Thailand found substantial increases in condom use 
along with a significant decline in visits to commercial 
sex workers, which indicates that the national 
programme is achieving its goals. Such regular 
behavioural surveillance should be coupled with 
intensive qualitative and quantitative studies of the 
forms and prevalence of commercial sex and the levels 
of HIV and STD among commercial sex workers. 

A common misconception has been that because most 
countries in Asia have seen fewer AIDS cases than 
Thailand, they do not have sufficient levels of risk 
behaviour to support a widespread, heterosexual HIV 
epidemic. Recent shifts in epidemiological patterns and 
behavioural studies done, in the region have shown this 
to be untrue. While the epidemic will vary in terms of its 
growth rate and ultimate size in different countries of 
the region, each of them has sufficient heterosexual risk 
behaviour to support a large-scale HIV/AIDS epidemic. 
Just because they have not experienced a large epidemic 
by 1994 does not mean that they are immune to one in 
the future, but it does present them with a unique 
opportunity to intervene early and prevent much death 
and suffering. An immediate investment in national 
programmes to reduce risk in commercial settings 
coupled with a strong education programme'aimed at the 


general population will reap immense benefits in averted 
costs and social destruction. Immediate action is 
essential. Every month of delay only adds to the 
epidemic’s eventual social and economic cost. 
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Lessons from the United States 
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The aids epidemic officially began in 1981, whenb a 
number of physicians in New York and California 
described the existence of a terrible new disease that 
was afflicting some of their homosexual patients^’^ 
Later epidemiological research documented cases of 
infection by the human immunodeficiency virus that had 
occurred in the United States before 1981 and in 
countries other than the United States^. Today, HIV 
infection has spread around the globe. Nonetheless, in 
the thirteen years since those New York and California 
cases, more AIDS cases have been diagnosed and 
officially reported in the United States than in any other 
country. The AIDS cases reported in the United States 
through 1992 accounted for 44% of all documented 
AIDS cases for that year"^. Estimates of the number of 
AIDS cases in Africa far exceed the US figures, but 
many of these cases are not reported^. 

Together with the large number of cases diagnosed, 
the research funding capacity of the United States 
government and the encouragement of vocal groups of 
people with AIDS have made the United States the 
predominant setting for AIDS-related research. In 1990 
alone, the United States federal government spent more 
than $1.6 billion dollars for AIDS-related research and 
control activities, including substantial funding for social 
and behavioural research^. More than 500 articles have 
been published on economic, historical and ethnographic 
aspects of the epidemic in the United States. 

The course of HIV disease varies little, whether a case is 
diagnosed in the United States or in a developing country^ 
As a consequence, medical researchers around the world 
have been able to benefit from US investments in AIDS 
research. More than most other diseases, AIDS raises 
complex issues that cut across economics, sociology, 
organizational behaviour, and psychology as well as 
medicine. The nature of HIV transmission, the long 
incubation period of the virus, and the devastating impact 
of the illness strongly suggest that economic and other 
social science research is critical to understanding and 
ultimately conquering this disease. While at first glance the 
disease’s economic and social implications appear to be 
quite different in developing and industrial countries, some 
of the results of the many social science research projects in 
the United States are relevant for Asia too. This paper 
describes twelve lessons learnt from such research. 


Estimates of the cost of treating HIV infection 
should incorporate both AIDS and pre-AIDS 
costs 

Before 1993, the clinical definition of AIDS in the 
United States included only those with specific 
symptoms of the disease. In 1993 the surveillance 
definition was broadened to include those with severely 
depressed immune systems whether or not they 
manifested particular symptoms^. Under the new Centers 
for Disease Control definition of AIDS, patients’ HIV 
status and CD4 counts (a measure of immune status) 
alone may determine a diagnosis of AIDS. This 
adjustment in the surveillance definition has had a 
substantial impact on the number of cases reported. In 
New York City, for example, researchers expect a 50% 
increase in cases among injecting drug users because of 
the change in definition^. Outside the United States, the 
costs of testing for serostatus and CD4 counts may limit 
the effect of any broadening of the case definition, leaving 
many HIV-infected people with severe immunosup¬ 
pression outside the official count of AIDS cases. 

The US experience suggests that estimates of the cost 
of treating HIV infection that use earlier definitions and 
begin counting costs only after AIDS symptoms begin 
may significantly underestimate the full medical costs 
of the disease. Based on the pre-1993 definition, an 
estimated 30% of the total HIV-related costs in the 
United States were for HIV-infected patients who did 
not have symptoms of AIDS^. US estimates suggest that 
the annual costs of treating HIV infection prior to the 
development of AIDS symptoms are between 10 and 
25% as high as the cost of treating AIDS®' and that 
40% of the lifetime per person cost of HIV infection is 
incurred before the development of AIDS^V Estimates 
of the proportion of total costs incurred in treating 
presymptomatic HIV infection in the United States may 
exceed comparable estimates for other countries because 
a portion of the US cost of treating presymptomatic 
patients covers costly prophylactic drug therapies. 
Estimates that predate the widespread use of such 
therapies, however, also describe significant costs 
incurred prior to AIDS diagnosis for patients with 
wasting syndrome, lymphadenopathy, and other pre- 
AIDS consequences of HIV infection^^’^^. 
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These studies suggest that financial estimates of the 
effect of HIV on the health sector should move beyond 
measuring the costs of AIDS alone. Especially in areas 
where HIV testing is not done routinely, health care 
costs may rise substantially before large numbers of 
AIDS cases have been diagnosed and before the spread 
of the epidemic is recognized. 

Estimates of the cost of the HIV epidemic 
should incorporate estimates of the cost of 
related opportunistic infections 

The HIV epidemic in the United States has been 
associated with a resurgence of other infections, 
particularly tuberculosis^"*’ Tuberculosis, an airborne 
disease, is far more infectious than HIV^. HIV-infected 
patients, with their depressed immune systems, are 
especially vulnerable to tuberculosis. As the number of 
HIV-infected people with tuberculosis increases, others, 
even those who are not HIV-infected, run a greater risk 
of encountering tuberculosis carriers and becoming 
infected. 

Tuberculosis is a costly disease. For those with non- 
drug-resistant strains, the estimated cost (inflated using 
the medical care component ^of the US consumer price 
index) of hospital care in the United States averaged 
$9000 (in 1991 dollars) in one 1980 study'®. Higher 
rates of infection, especially in populations that may not 
complete the course of drug treatment, raise the spectre 
of drug-resistant tuberculosis. Drug-resistant strains are 
far more difficult and costly to treat successfully. In the 
United States the cost of treating drug-resistant 
tuberculosis can reach as much as $200,000 per case*^. 

Tuberculosis was almost eradicated in the United 
States before the beginning of the HIV epidemic^^. The 
dramatic recent growth in cases, especially in centres of 
HIV infection, raises the possibility that the HIV 
epidemic may ignite additional subepidemics of costly 
infectious diseases. If HIV sets back progress in the 
control of other infectious diseases, the total costs 
associated with the virus may dwarf those that 
economists have computed until now. 

Health planning, particularly the development 
of alternative care facilities, can substantially 
reduce the cost of AIDS care 

The earliest estimates of the costs of HIV infection in 
the United States documented an enormous disparity 
between costs in the two major centres of infection. New 
York and San Francisco'^. Costs of treatment in New 
York were almost twice as high as costs in San 
Francisco. This difference has persisted over time and 
cannot be attributed to differences in the characteristics 
of AIDS patients in the two cities. Rather, the variation 


stems from the alternative treatment patterns employed 
in San Francisco and New York^^. 

The less costly pattern of treatment in San Francisco 
arose because local homosexual men’s groups rapidly 
organized outpatient treatment and hospice facilities for 
people with AIDS^^. By contrast, few such community- 
based out-of-hospital facilities were available in New 
York^\ The presence of community-based facilities in 
San Francisco enabled doctors and hospitals to establish 
patterns of care that relied on outpatient and nonhospital 
therapy^^”^"^. Despite efforts to establish alternative 
forms of care for people with AIDS in New York, 
patients in New York still spend substantially longer 
time in hospital than do those in San Francisco and are 
much more likely to die in hospital^^’ 

Even within cities, patients who have access to out-of- 
hospital facilities incur lower costs than those who do not. 
Within New York, the costs of care for injecting drug 
users without stable housing are significantly greater than 
those for similar patients with stable housing facilities'^. 
The role of social support in reducing costs is particularly 
evident in the case of paediatric HIV infection. Mothers 
infected with HIV may not be able to care for their HIV- 
infected babies and may leave them in the hospital. The 
length of stay in the hospital for these babies may be as 
much as four times as long as for babies born with HIV 
infection who have homes^^. 

In response to the growing number of HIV-infected 
babies in US hospitals, health planners and community 
groups have developed special foster care facilities^®’ for 
HIV-infected babies. Like the alternative treatment and care 
facilities developed for adults in San Francisco, these foster 
care facilities for babies have the potential of reducing the 
cost of care for HIV patients without diminishing the 
quality of care provided. These innovations highlight the 
importance of health planning and interorganizational 
coordination in developing cost-effective forms of care for 
people with AIDS. 

The cost of AIDS control should be 
incorporated into estimates of the economic 
effect of the epidemic 

The costs of treating AIDS are so high that investments 
in prevention and control will frequently be cost- 
beneficial. The costs of these investments, however, are 
real resource costs associated with the epidemic. In the 
United States, these costs include the cost of AIDS 
research, which in 1991 came to $805 million at the 
National Institutes of Health alone^^, the costs of 
tracking the disease, which in 1991 came to $509 
million for the Centers for Disease Control^, the costs of 
educational campaigns, which in 1991 totalled $700 
million for federal and state educational programmes^ \ 
and the cost of precautions to avoid HIV infection. In 
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health care settings, the cost of implementing the 
precautions recommended by the federal government 
amourit to more than $800 million per year^^ 

These budget items by no means exhaust the range of 
national efforts for AIDS prevention and control, but 
these alone, taken together, cost about as much as the 
lifetime cost of treating 23,000 HIV-infected people^V 
Exclusion of the costs of prevention and control from 
estimates of the cost of thb epidemic leads to significant 
understatement of its economic impact. 

Concentrating AIDS care in a few centres may 
improve quality and reduce cost 

A series of recent studies in the United States have 
examined the relationship between hospitals’ experience 
in treating HIV patients and the quality of outcomes 
achieved. In keeping with results from studies of other 
diseases, researchers have found that hospitals with 
more experience in treating AIDS generally achieve 
better results^^. Mortality rates for patients with a 
variety of AIDS-related opportunistic infections are 
significantly lower in hospitals that have treated many 
AIDS patients^^’ While these studies do not measure 
the cost of care, other studies have examined changes in 
the cost of care over the course of the epidemic. These 
studies suggest that as health providers and health 
systems learn about HIV the cost of treatment declines. 
In particular, over a period of time, providers are more 
likely to have access to and to treat HIV using 
outpatient treatment facilities^ \ 

The need for special precautions to lessen the risk of 
HIV transmission to health care workers also supports a 
policy of concentrating care in a few centres. 
Precautions against transmission may involve the use of 
special equipment and procedures. The fixed costs of 
acquiring new equipment and adopting new procedures 
in a hospital may be considerable^^. Concentrating cases 
can reduce the average cost of precautions per case. 
Concentrating cases may also enhance the value of these 
precautions by encouraging health care workers to 
cooperate with safety guidelines. Some evidence 
suggests that compliance with safety precautions is 
greatest in areas with the highest prevalence of AIDS 
cases — where medical workers are at highest risk^^. 

Concentrating facilities for care of HIV patients in a 
few centres may improve quality and reduce costs. As 
physicians gain experience with the disease, they may 
choose fewer, more effective treatments, they may have 
a better sense of when to discharge a patient from 
hospital, and they may know of more alternative 
facilities that can take patients. Gains from experience 
across hospitals, though, do not seem to translate into 
gains from concentrating patients into dedicated units 
within hospitals. Experiments with dedicated AIDS units 
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show little improvement in costs or quality of care 
relative to patients cared for in other parts of the same 
hospital^^. 

The possible presence of economies of scale in AIDS 
treatment suggests that careful health facility planning can 
reduce the epidemic’s costs and suggest a possible source 
of upward bias in the existing estimates of AIDS costs. 
Simple linear extrapolations from the cost of treating the 
first few cases encountered in a country may greatly 
overstate the full cost of well-organized treatment. 

Health manpower planning should incorporate 
the effects of HIV on provider recruitment 

Health care providers who serve patients with HIV 
infection risk exposure to the virus. Unlike other 
conditions to which health providers may become 
exposed, HIV infection cannot be cured or avoided 
through vaccination. Given the devastating impact of 
HIV transmission, health providers’ reluctance to treat 
patients with the disease is not surprising. 

Problems in personnel recruitment have increased 
over time. Early in the epidemic, awareness of the risk 
of transmission was limited^®. Furthermore, medical 
personnel may have been interested in being on the 
forefront of treatment of a new disease. Since then, 
despite costly precautions to avoid HIV transmission, 
some medical workers have been infected through 
occupational exposure^^. As the number of cases and 
perceptions of the risk of transmission have increased 
and the lure of medical innovation has diminished, 
medical personnel recruitment has been affected^®. 

In recent polls, many doctors express an aversion to 
treating AIDS patients and state that they would not care 
for these patients if they had a choice'^^’^^ Hospitals 
with large AIDS caseloads have had trouble recruiting 
medical staff^^. Similarly, interest in specialties that now 
involve caring for many AIDS patients appears to have 
declined"^^. 

The cost implications of recruitment difficulties can. 
be monetized as the compensating differential need to 
attract providers to care for HIV patients. Studies have 
not yet estimated the magnitude of this compensating 
differential, but polling data and recruitment evidence 
suggest that it may be substantial. Health planners 
should take into account the possibility that recruitment 
of personnel will become increasingly difficult and 
costly as the epidemic progresses. 

Prevention efforts should be targeted to high- 
risk groups and areas 

The first cases of AIDS reported in the United States 
were among homosexual men and intravenous drug 
users. Thirteen years later, these two groups continue to 

851 



SPECIAL SECTION: AIDS IN ASIA 


account for about 80% of all newly diagnosed cases . 
The epicentres of the epidemic in the early 1980s were 
San Francisco, Los Angeles and New York City. To¬ 
day, these three cities account for almost a quarter ol 
newly diagnosed cases. Although the epidemic has 
spread beyond the original risk groups and to other 
regions of the country, it remains heavily concentr^ed 
in the populations and places where it began. e 
growing number of cases among heterosexuals can 
often be traced back to contact with a member of the 
traditional risk groups. This epidemiological pattern 
suggests that the benefits of prevention and control 
efforts targeted at traditional risk groups may persist 

over time; ^ , 

A growing body of evidence also suggests that 

prevention and control strategies targeted at lower 
risk groups may be quite ineffective. Despite 
considerable concern over the possible spread o 
the AIDS epidemic in the United States to groups 
other than homosexual men and injecting drug users, 
few changes in the behaviour of low-risk groups have 
been documented. While behaviour changes rapid y m 
response to perceived increases m risk in local 
communities, perceptions of general risk do not seem 
to affect behaviour"^ Changes in behaviour have been 
greatest among urban homosexual men, followed by 
injecting drug users. Lower-risk groups, particularly 
young heterosexuals, although they are quite well- 
informed about HIV, show few changes in behaviour 
in response to the epidemic"*. Costly efforts to encourap 
changes in behaviour in these groups, including public 
educational campaigns, have had limited effects on 
behaviour. While some increase in condom use among 
heterosexuals has occurred, most of this change appears 
to have followed early media reports about the epidemic^ 
US Surgeon General Koop’s public mailing of AIDS 
information to all American households in 1988 did 
not affect measured risk behaviours significantly . 

Most educational campaigns for AIDS prevention 
among heterosexuals in the United States encourage 
condom use. Condoms are inexpensive relative to 
income in the United States, and in some schools and 
universities are provided free. Nonetheless, as recently 
as 1988, fewer than 20% of never-married women in the 
United States who reported using contraception used 
condoms"*. 

These results suggest that-the nonmonetary costs 
of changing sexual behaviour are high. Unless 
people perceive a significant risk of infection, they 
may rationally choose not to change their sexual 
practices**. Combined with the evidence that the 
epidemic has remained concentrated at its original sites, 
the reluctance of those at low risk to change their 
behaviour suggests that the most cost-effective approach 
may be to target prevention and control efforts at high- 
risk groups. 


Groups that face a high risk of infection will 
change their behaviour if they have information 
and opportunity 

In 1986 researchers forecast that 87,000 new AIDS 
cases would be diagnosed in the United States in 1991. 
The actual number of cases diagnosed in 1991 missed 
this mark by 41,000. The reduction in AIDS incidence 
by 1991 occurred because groups at high risk of HIV 
infection had made massive changes in their behaviour 
to avoid infection . 

Estimates of behaviour change suggest that news 
about AIDS led to a rapid and profound change in the 
sexual behaviour of homosexual men*°. One report finds 
that the proliferation of inforniation about the epidemic 
resulted in a threefold to fourfold decrease in rates of 
high-risk sex among this group**. Studies of injecting 
drug users also find evidence of substantial changes in 
behaviour. Towards the end of 1983, drug users had 
reduced needle-sharing and increased their efforts to 
clean needles between injections . 

These results suggest that even before major government 
campaigns, individuals who faced a significant risk of 
infection took steps to reduce their vulnerability. For 
homosexual men, these changes in behaviour led to a 
notable reduction in the spread of the disease. By 1991, 
cases among homosexual men were about one-third lower 
than had been projected"^ Unfortunately, behavioural 
change among injecting drug users had smaller effects on 
the spread of the epidemic among this population. Effective 
behavioural change for members of this group required 
access to costly goods and services - drug treatment 
programmes, bleach, clean needles - that may have been 
unaffordable given their incomes. Public funding for 
programmes aimed at injecting drug users has been mired in 
controversy and slow to respond to the epidemic . 

Evidence from high-risk groups in the United States 
suggests that information about HIV can spread more 
rapidly than the virus itself. People who perceive 
themselves as vulnerable to infection do make efforts to 
change their behaviour. For many, however, public 
support is necessary if these behavioural changes are to 
be translated into reductions in infections. 

Complacency is dangerous, behaviour changes 
are difficult to maintain 

While the evidence of changes in behaviour among 
high-risk groups is encouraging, some recent studies 
document increases in dangerous behaviours among 
these groups. These studies are the mirror image of 
those that found reductions in high-risk behaviour early 
in the epidemic. Then, as the perceived risk of infection 
increased, vulnerable populations changed their 
behaviour. Now, as the perceived risk of infection 
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declines, vulnerable populations show signs of resuming 
their preepidemic behavioural patterns^^ 

High rates of risky sexual behaviour have been 
documented among homosexual men in small cities, 
where AIDS rates are low, and among young 
homosexual men^"^. The HIV epidemic has not led to a 
fundamental change in sexual habits. Rather, 
homosexual men in communities that have not been 
severely affected by the epidemic, whether because they 
are geographically isolated or because they include men 
who have come of age since 1981, continue to practice 
high-risk sex. Some studies also document reversions 
to high-risk behaviour among homosexual men who 
had changed their behaviour earlier in the course of 
the epidemic. These studies are consistent with the view 
that the nonmonetary cost of safe sex is high, and 
that only those who perceive a significant risk 
of developing AIDS will find that the benefits 
of changing behaviour outweigh the costs. Any reductions 
in high-risk behaviour should be cheered, but health 
planners should beware of the potential for recidivism. 

Community participation should be encouraged 

Among both homosexual men and injecting drug users, 
significant information dissemination leading to 
behaviour change occurred through community action. 
Community organizations sponsor educational activities 
and take an active role in marshalling public funding for 
AIDS research and prevention^^ The epidemic’s focus 
on traditionally marginalized groups, who may not trust 
public authorities, makes the role of community groups 
in education especially important. 

Community organizations have also been at the 
forefront of treatment innovations. The development of 
out-of-hospital facilities for the care of AIDS patients 
was largely the work of voluntary community groups. 
Especially in the first decade of the epidemic, volunteers 
provided a significant portion of the care patients 
received^^. Community organizations and voluntary 
labour have substantially reduced the cost of preventing 
AIDS and caring for AIDS patients in the United States. 

Some researchers have expressed concern that the 
potential of community organizations and volunteers may 
soon be exhausted^^. These organizations draw staff and 
resources from the very communities that have been 
hardest hit by the epidemic. As more community members 
succumb, the burden on those who remain healthy may 
become excessive. Without the participation of 
community organizations, the quality of educational 
interventions and of care offered to those with AIDS will 
suffer, and the monetary costs of these activities will rise. 

The US experience suggests that community groups 
can contribute greatly to the task of coping with the HIV 
epidemic, but that these groups can become exhausted. 
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Health planners should encourage the development of 
community groups and their participation in AIDS 
prevention and care. They should also provide both 
encouragement and tangible support to these groups as 
the epidemic continues. 

Efforts to reduce stigma and discrimination 
against people with HIV can reduce the cost of 
the epidemic 

HIV is not infectious in ordinary workplace or 
educational settings. Unfortunately, fears and 
misconceptions about the disease abound. In 1987 one- 
third of Americans polled believed that an HIV-infected 
worker should be fired and one-quarter stated that they 
would not work with a person who had AIDS^. Parents 
throughout the United States have tried to keep HIV- 
infected children out of schools^ Such attitudes may 
lead to unwarranted and costly dismissals of productive 
people and to increased costs for child care and 
education. On average, HIV-infected people carry the 
virus for ten years before manifesting symptoms. The 
present value of foregone income over the remaining 
healthy lifetime of an average American male full-time 
worker who loses his job when he becomes HIV- 
infected is almost $250,000 (based on mean money 
income in 1991 of year-round, full-time male worker 
discounted at 5% over ten years Estimate of healthy 
life expectancy is reported in ref. 3.). 

Efforts to educate the general public about the 
realities of HIV may have succeeded in reducing the 
stigma associated with AIDS^^. By 1991, the number of 
people reporting that they believed an HIV-infected 
worker should be fired and that they would not work 
with a person who had AIDS had dropped to one in five 
and one in six, respectively^. Nonetheless, considerable 
stigma and misinformation remain^^. Information 
campaigns designed to reduce discrimination may pay 
off in better use of productive resources. 

Economic policy should redistribute the burden 
of HIV costs from affected regions to the nation 
as a whole 

The lifetime cost of treating HIV infection in the United 
States is more than $100,000 (ref. 11). The almost 
145,000 people who contracted AIDS in the United 
States during the 1980s were predominantly young, 
productive men with many years of earnings ahead of 
them'^'^. Nor are there readily available substitutes for 
these men. During the last half of the 1980s, 
unemployment rates in the United States for men over 
20 averaged just over 5% (ref. 56). Despite the high cost 
of treatment, the productivity of those who contracted 
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AIDS and the relatively inelastic supply of labour in the 
United States, the epidemic has not had a devastating 
effect on the macroeconomy of the nation as a whole. 
The estimated lifetime federal and state tax revenue 
losses associated with the 35,000 Americans who died in 
1992, for example, amounted to only 1.5% of the 
revenue of the federal government in that year^’ The 
medical care costs of AIDS account for a similar portion 
of total United States health expenditures^^. 

The relatively benign effect of the epidemic on the 
macroeconomy of the nation as a whole contrasts with 
its devastating effects on particular regions, especially 
on communities within these regions^In New York 
City and San Francisco, the total number of AIDS cases 
diagnosed since the beginning of the epidemic amount 
to more than 1 case for every 150 current residents"^"^. In 
some New York City neighbourhoods, the number of 
AIDS cases diagnosed in the 1980s amounted to one for 
every 55 residents^®. The costs of treatment have 
wrecked the finances of local hospitals and forced state 
policy-makers to make difficult decisions about resource 
allocation^^’ 

The nature of transmission of HIV suggests that the 
epidemic will remain concentrated in particular areas of 
the country and in particular communities. The gulf 
between the ruinous effects of the epidemic on these 
areas and communities and its less severe effects on the 
United States macroeconomy highlights the importance 
of redistributive policies in coping with the epidemic. 
Effective policies will help these communities bear the 
epidemic’s social and medical costs and, through 
prevention and control measures, reduce the spread of 
the epidemic to other areas. Thus, both compassion and 
self-interest dictate that nations assist those areas 
suffering under the weight of the epidemic. At least in 
the United States the economic effects of the epidemic 
spread across the nation as a whole will easily permit 
such redistributive actions. 

Conclusions 

Economic and social research in the United States can 
improve our understanding of the epidemic in other 
parts of the world. In terms of measuring the costs of the 
epidemic. United States research suggests that 
conventional methods of accounting may overestimate 
some aspects of costs by failing to recognize cost-saving 
methods of care, including outpatient therapy and 
treatment centres, that may develop as the epidemic 
progresses. It also suggests that many measures of 
economic impact often seriously underestimate the costs 
of the epidemic by failing to include pre-AIDS costs, the 
costs of related opportunistic infections, the costs of 
HIV prevention and control, and the increased cost of 
recruiting medical personnel. American research 
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provides cause for both hope and alarm in terms of HIV 
prevention. High-risk groups, particularly those in active 
and well-supported communities, have reduced their 
levels of dangerous behaviours remarkably quickly. 
Furthermore, educational efforts may be effective in 
reducing the level of discrimination people with AIDS 
encounter. By contrast, reversions to risky behaviour are 
common even in groups that had succeeded in changing 
their behaviour, and groups that perceive themselves to 
be at low risk have hardly responded to the threat of 
AIDS. Perhaps the most important lesson of the United 
States experience is that the effects of the disease are 
highly localized. National policy must be targeted at 
discrete, severely affected communities. 

Lessons from the United States may be valuable. At 
the same time, one must recognize that the United States 
epidemic differs substantially from that in other 
countries. Most people with AIDS in the United States 
are homosexual men and drug users. Prostitution and 
heterosexual sex are not important vectors of 
transmission in the United States. The structure of 
economies and labour markets varies profoundly among 
the three major regions of HIV prevalence: the United 
States, Sub-Saharan Africa, and Asia. Cultural factors, 
including the role of community organizations and 
social structure, differ immensely by country, and these 
play a critical part in determining how quickly the 
spread of the epidemic can be arrested and how much it 
will cost to care for those who become ill. These 
differences may diminish the transferability of United 
States knowledge on the economic and social effects of 
AIDS, but as the epidemic rages, it makes sense for 
researchers throughout the world to glean what they can 
from each other’s work. 
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Making the blood supply safe from HIV: 
The Sri Lankan experience 

Nandrani S. de Zoysa 

14, Bodhiraja Mawatha, Jayanthipura, Battaramulla, Sri Lanka 

Sri LANKA is an island situated in the Indian Ocean with 
an area of 65,610 km^ and an estimated population of 
17.5 million. The National Blood Transfusion Service 
(NETS) of Sri Lanka is managed by the government and 
funded by an allocation from the Ministry of Health 
budget. This service, which was established in 1962 
with a central blood bank and one regional blood bank, 
has now expanded to include 47 regional blood banks. 

The central blood bank, which is located on the prem¬ 
ises of Sri Lanka’s premier hospital, fulfils the hospital’s 
blood needs, including those of Accident Service and a 
nearby maternity hospital. It also serves as a reference 
centre for all the regional blood banks and as a training 
centre for medical, nursing and technical personnel ap¬ 
pointed to the NETS and their undergraduate and post¬ 
graduate trainees. The regional blood banks are located at 
teaching, provincial, base and district hospitals and handle 
the blood needs of those hospitals. The central blood bank 
and regional blood banks also undertake serological in¬ 
vestigations, including antenatal serology, for hospitals. 

The NETS collects blood from approximately 100,000 
donors annually. Facilities for preparing and storing all 
blood components are available at the central blood bank 
and eight large regional blood banks, and facilities to pre¬ 
pare a few basic blood components are available in seven¬ 
teen of the smaller regional blood banks. Blood is tested 
for syphilis, malaria, hepatitis B and HIV. 


The HIV and AIDS situation • 18 Seamen; • 9 Blood donors; * 2 following blood transfusions abroad. 

The first case of AIDS in Sri Lanka was detected in Sep- Safety of the blood supply 
tember 1986, in a foreigner who became ill while on va¬ 
cation; the first Sri Lankan with fflV, a male homosexual Testing individuals for the HIV antibody cannot assure a 

who became infected when living abroad, was diagnosed safe blood supply, because an individual who donates 

in April 1987. Since then, as of 31 December 1993, 120 blood during the period after HIV has entered the body 

people had been found to be HIV-positive. Of these, 20 but before the antibody appears in the blood can 

were foreigners and 100 were Sri Lankans (74 men, 26 transmit the virus through blood transfusion. Although 

women). Thirty-three of the Sri Lankans developed AIDS 95.0% of HIV-infected people test positive within three 

and twenty-eight of them are now dead. months of infection and a further 4.5% test positive 

The first HIV-positive blood donor was detected in within six months, 0.5% remain negative for as long as 

January 1989, and as of 31 December 1993, a total of several years. Therefore, simply testing blood for HIV 

nine, blood donors had been confirmed as infected with antibody prior to transfusion will not eliminate the 

HIV out of a total of some 388,000. All the infected blood transmission of HIV infection through blood. To make 

donors were men, and most were first-time donors. the blood supply as safe as possible, testing for the HIV 


Table 1. HIV/AIDS status in Sri Lanka, 31 December 1993 


120 HIV/AIDS 



20 Foreigners 


' 100 Sri Lankans 


100 Sri Lankans 


Male.Female ratio 


100 Sri Lankans 


33 AIDS cases 





• 74 Males 

* 26 Females 

3:1 

33 AIDS cases 
(28 dead) 

67 HIV-positive 

25 Males 
(22 dead) 

8 Females 
(6 dead) 


67 HIV-positives 



49 Males 


18 Females 
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Table 2. HIV infection in blood donors in Sri Lanka (20 April 1988 to 31 December 1993) 


HIV-antibody- 
positive donor 

Sex 

Date of testing 

Blood bank where 

blood was donated 

No. of donors 

tested from April 1988 

1 

Male 

22.01.89 

Central Blood Bank (Mobile Unit) 

21,973 

2 

Male 

24.04.91 

Regional Blood Bank (Kalutara) 

137,900 

3 

Male 

03.10.91 

Central Blood Bank 

173,956 

4 

Male 

12.12.91 

Regional Blood Bank (Panadura) 

188,681 

5 

Male 

03.08.93 

Central Blood Bank 

342,848 

6 

Male 

01.09.93 

Regional Blood Bank (Castle Street 

351,489 




Hospital Colombo) 


7 

Male 

25.10.93 

Regional Blood Bank (Negombo) 

367,889 

8 

Male 

05.11.93 

Central Blood Bank (Mobile Unit) 

372,415 

9 

Male 

27.11.93 

Regional Blood Bank (Ragama) 

380,000 

Table 3. 

HIV antibody testing in blood banks in the National Blood Transfusion Service 20 April 1988 to 31 




December 1993 




No. of blood banks Percentage of total 

No. of blood 

No. of positive blood 

Year 

testing blood 

blood supply covered 

donors tested 

donors detected 

1988 

CBB + 13 RBB 


25.82 

16,426 

0 

1989 

CBB + 18RBB 


60.12 

37,686 

1 

1990 

CBB + 32 RBB 


91.15 

66,353 

0 

1991 

CBB + 36 RBB 


99.52 

78,543 

3 

1992 

CBB + 41 RBB 


99.94 

87,461 

0 

1993 

CBB + 43 RBB* 


99.96 

102,022 

5 




Total 

388,491 

9 


♦Includes two new RRBs established in 1993. 

Prevalence of HIV infection in blood donors = 1 in 43000. 


antibody must be considered only as a backup to donor 
selection, which must be done with meticulous care. The 
NBTS has adopted a number of strategies to prevent the 
transmission of the infection to donors during blood 
donation and to patients through blood transfusion. 

HIV infection by blood donation 

Instances have been reported from abroad in which 
blood donors have been infected with HIV during blood 
donation. This is possible if contaminated lancets, sy¬ 
ringes and needles are reused without adequate sterili¬ 
zation. This risk can be eliminated completely by using 
only disposable sterile items to collect blood. Since 
1988 the NBTS has used only disposable sterile items 
(replacing the earlier practice of reusing items sterilized 
by high-pressure steam). Therefore, no donor who donates 
blood at "any of the NBTS’s 48 blood banks, including 
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mobile units, can contract HIV or any other infection by 
donating blood. Even the cotton wool and gauze used to. 
clean the blood donor’s arm before blood collection is 
sterilized under high pressure in dressings drums and 
discarded after use. Sharp bins are used to dispose of 
lancets, syringes and needles after use to prevent infec¬ 
tion through accidental injury to blood donors, blood 
bank staff and visitors. 

HIV infection by blood transfusion 

Blood is collected only from voluntary, nonremunerated 
donors. The former system of partial remuneration was 
phased out by 1987. However, as in most developing 
countries, a ‘hidden’ system exists in which patients 
asked to get a relative or a friend to donate blood as a 
replacement for blood that has been or will be trans¬ 
fused to them instead pay money to people to donate 
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blood for them. This jeopardizes the safety of the blood 
supply, because these paid donors will not divulge vital 
information about their health and will donate blood even 
if they have indulged in high-risk behaviour. The staff 
responsible for donor recruitment and screening are 
alerted to this problem during their training and instructed 
to exclude these donors, or to collect the blood but dis¬ 
card it without informing the donors or the patients if they 
are unable to reject the donors. Blood for patients is then 
provided from the stocks available at the blood bank._ 

During the last five years, the NETS and Sri Lanka’s 
AIDS Control Programme have arranged confidential 
circulars, lectures and seminars to instruct staff respon¬ 
sible for blood donor screening and registration about 
individuals and groups at high-risk for HIV infection. 

Blood donors are given a leaflet entitled ‘Important 
message to blood donors - AIDS’ which explains about 
HIV and AIDS infection and appeals for donors to ex¬ 
clude themselves if they belong to one of the high-risk 
groups listed. Staff are instructed to ask donors if they 
have read the leaflet prior to registration. If the donor 
reads the leaflet and goes away, no questions are asked. 
If the donor has any questions, a confidential interview 
is arranged with the medical officer. This leaflet was 
introduced in 1987. 

Blood donors have always been required to sign cer¬ 
tificates of fitness declaring that they do not have epi¬ 
lepsy, a sexually transmitted disease, tuberculosis, ma¬ 
laria or typhoid. This certificate has just been updated to 
include heart disease, high blood pressure, stroke, diabe¬ 
tes, cancer, kidney disease, abortion (within six months), 
and HIV or AIDS. The statements ‘I also declare that I 
have read the leaflet explaining about AIDS and I do not 
belong to the high-risk groups mentioned in the leaflet’ 
and T agree to have my blood tested for HIV (the AIDS 
virus) and other infections’ have been added to this cer¬ 
tificate, which the blood donor has to sign prior to regis¬ 
tration for blood donation. 

NETS staff have been instructed to examine the fore¬ 
arms of blood donors for injection marks and to reject 
such donors so as to exclude possible intravenous drug 
abusers. Staff have also been told to look for skin le¬ 
sions resembling Kaposi’s sarcoma, which is sometimes 
seen in AIDS patients. 

Safer blood and blood products 

The NETS collects blood into citrate phosphate dex¬ 
trose-adenine blood bags with a shelf life of 35 days, 
and the blood is processed into blood components. 
Blood components are cellular and plasma components, 
which are separated from whole blood by conventional 
blood bank methods such as centrifuging and freezing. 
Blood is tested for HIV and other infections prior to 
transfusion. 


NETS staff question blood donors carefully about 
their present and previous occupations, travel abroad in 
the past ten years (including visits to African countries 
after 1977) and whether they have ever been sailors or 
in prison. They also look out for foreigners. The earlier 
practice of rejecting high-risk donors after explaining 
the problem to them was stopped because blood donors 
were offended. This was replaced by confidential unit 
exclusion in late 1991, whereby blood is collected from 
all donors who are otherwise fit to donate blood, but the 
blood of high-risk donors is discarded without informing 
the donor or the patient (if blood was donated for a par¬ 
ticular patient), even if the HIV antibody test is nega¬ 
tive, and blood for the patient is provided from stocks. 
Although sometimes a large number of blood units have 
to be discarded, this has not posed a major problem as 
yet, because the number of blood donors has increased 
considerably over the years. 

Testing samples of the blood of high-risk donors, i.e. 
those who tested positive for syphilis or hepatitis B, was 
started in November 1987, and all 203 samples tested 
through April 1988 were negative for the HIV antibody. 

Routine testing of blood for the HIV antibody using 
the ELISA technique started in April 1988. By the end 
of that year 25.8% of the blood collected by the NETS 
was tested. This was gradually extended, and currently 
more than 99.9% of the blood supply is tested for the 
HIV antibody prior to transfusion. Two regional blood 
banks are not testing for HIV. These are located in the 
north in the war zone and cannot obtain a regular supply 
of test kits because of transport problems. However, 
these blood banks collect only a few units of blood, 
which accounts for less than 0.1% of the total blood 
supply. 

At present, blood from the central blood bank and 
seven regional blood banks is tested for HIV at the anti 
VD Campaign in Colombo, and two regional blood 
banks are testing at the anti VD Campaign in Katugas- 
tota using the ELISA technique, or the particle aggluti¬ 
nation test (Serodia) when ELISA test kits are unavail¬ 
able. The other regional blood banks perform the HIV 
antibody test in their own laboratories using either the 
Serodia test or a quick test (HIV-check or HIV-spot). 
Trained medical and nursing officers do the HIV anti¬ 
body test in all but the five regional blood banks that 
have laboratory technicians. The funds for the HIV anti¬ 
body test kits were provided initially by the World 
Health Organization, later by the United Nations Devel¬ 
opment Programme, and currently are provided by the 
Asian Development Bank. 

If a sample of blood from a donor is found to be HIV¬ 
positive, NETS staff discard the blood even if the blood 
from the same donor is negative when tested again. If a 
blood donor is confirmed as being HIV-positive after 
repeat testing or confirmatory testing using the im- 
munoblot (western blot) technique, this information is 
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communicated only to the directors of the AIDS Control 
Programme and the NETS. The AIDS Control Pro¬ 
gramme then traces and contacts the HIV-infected blood 
donor and arranges for counselling. Confidentiality is 
maintained so that neither the blood bank staff nor the 
patient (if blood has been donated for a particular pa¬ 
tient) are aware that the blood donor has been confirmed 
as being HIV-infected. 

Blood products are plasma fractions that are separated 
by means of a plasma fractionation unit. This equipment 
is expensive and is currently not available in Sri Lanka. 
Therefore, a small quantity of lyophilized factor VIH con¬ 
centrate (antihaemophilic factor) is imported to treat hae¬ 
mophilia patients who develop reactions to cryoprecipitate 
prepared locally. To ensure that the antihaemophilic factor 
is safe, only virus-inactivated products have been imported 
since 1987. As the products imported from France, Austria 
and United States before 1987 were'not virus-inactivated, a 
haemophilia register was started in 1988, and haemophilia 
patients who seek treatment at government hospitals were 
registered at the central blood bank. As of December 1993, 
132 haemophilia patients had been registered, of which 43 


had received imported and antihaemophilic factor before 
1987. All 132 patients were tested. All tested negative for 
HIV, but five were found to be positive for hepatitis B. 

The NETS also imports a limited quantity of 5% hu¬ 
man serum albumin for patients who develop reactions 
to plasma transfusions and for use as a replacement fluid 
for therapeutic plasma exchange. This product is pas¬ 
teurized and, therefore, is considered safe. 

Conclusions 

The strategies adopted by the NETS of Sri Lanka to try 
to ensure a safe blood supply appear to have been effec¬ 
tive because no case of HIV infection following blood 
transfusion in Sri Lanka has been reported to date. 
However, with the detection of 100 HIV-infected people 
in Sri Lanka as of 31 December 1993, and with an esti¬ 
mated 3500 people likely to be infected, resulting in an 
increased prevalence of HIV infection among blood do¬ 
nors, every effort will have to be made if the NETS is to 
continue to provide a safe blood supply. 
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Ethical issues posed by HIV testing and screening 
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From the outset, the test developed to detect the anti¬ 
body to the AIDS virus, which was first used on a broad 
scale in blood banking beginning in 1985, has been 
mired in controversy\ Would groups at increased risk 
for AIDS be encouraged to take the test? How forceful 
would such encouragement be? How would those who 
agreed to be tested be counselled about the test’s sig¬ 
nificance for themselves and others? Would, and could, 
the results be kept confidential? Would voluntary testing 
be a prelude to compulsory screening? What would be 
the consequence of testing for the right to work? To go 
to school? To bear children? To remain free? Each of 
these questions would force a confrontation about the re¬ 
lationship between the right to privacy and the protection 
of the public health and about the roles of voluntarism and 
coercion in the social response to the threat of AIDS. 

Controversy about the HIV test is not foreign to India. 
The November 1993 issue of the Indian Journal 
of Medical Research published three articles that 
touched on ethical and policy issues surrounding HIV 
testing. Mathan^ argues that the HIV test should be freed 
of limits imposed by an ‘exceptionalist’^ perspective. 
‘HIV and AIDS are infectious and should be dealt 
with exactly as other infectious diseases are being 
handled. Diagnostic tests are best left to the discretion 
and judgment of the concerned clinicians^. Even this 
call for a standard of presumed consent, however, 
does not entail a call for wide-scale mandatory testing. 
‘Since the availability of HIV testing facilities is 
limited, the test in any case is not going to be done 
widely.’ 

In sharp contrast, Narain et al^ of the South East Asia 
Regional Office of the World Health Organization pres¬ 
ent a strong case for limiting the role of HIV testing in 
public health practice and for a standard of specific, 
informed consent because of its unique features: 
‘Compared to any other type of disease, the issues re¬ 
lated to the diagnosis of HIV infection are far more 
complex.’ This plea for ‘exceptionalism’ concludes by 
stating: ‘Mandatory testing or testing without informed 
consent is not only counterproductive but also wasteful 
of scarce resources.’ 

Finally, Lai and Thakur^, writing for the National 
AIDS Control Organization, present proposals then un¬ 
der consideration for its national HIV testing policy 
document. They too reject testing without ‘explicit con¬ 
sent’ except for surveillance purposes, where unlinked 
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anonymous screening can assure that no individual is 
identified. 

For an American, writing in a very different ethical, 
legal, social, economic and epidemiological -context to 
provide simple ethical instruction on HIV testing would 
be presumptuous. Far more useful, I believe, would be 
to present a picture of how the ethics of screening have 
evolved in a variety of settings, thereby alerting readers 
of Current Science to issues that will require attention in 
the context of a growing AIDS epidemic in India. 

In the United States and other economically advanced, 
democratic societies confronting the AIDS epidemic, a 
broad voluntarist consensus emerged from the early de¬ 
bates about HIV testing. This perspective drew upon 
American constitutional traditions and the liberal values 
that have informed those concerned with medical ethics, 
as well as upon pragmatic considerations. In part be¬ 
cause of the United States’ unique and early involve¬ 
ment with the AIDS epidemic and the compatibility of 
American constitutional values and international human 
rights standards, this perspective was to have a signifi¬ 
cant impact on the posture of the World Health Organi¬ 
zation’s Global Programme on AIDS. 

Except for clearly circumscribed circumstances, test¬ 
ing was to be done under conditions of voluntary, in¬ 
formed consent, and the results were to be protected by 
stringent confidentiality safeguards. In the United 
States, to underscore the importance of protecting the 
privacy of tested individuals, the option of anonymity in 
testing centres was made broadly available. 

Screening and behavioural change 

Even before the screening of the blood supply had 
commenced in mid-1985, it was clear that the new anti¬ 
body test would be enlisted in the effort to achieve the 
overriding public health goal of mass behavioural 
change. What was a matter of deep dispute and what has 
remained a matter of controversy was how much of a 
role testing would play. For public health officials who 
faced the daunting challenge of affecting the most inti¬ 
mate behaviours and for whom the legacy of other health 
promotion campaigns gave little reason for optimism, the 
test seemed to be a technology that could motivate the 
desired changes. Those who tested positive could be 
counselled about the urgent need for behavioural changes 
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to prevent the spread of HIV. Those who tested negative 
could be counselled about the importance of self- 
protection. Opponents of too great a reliance on testing - 
often representatives of the gay community and of civil 
liberties groups ~ were fearful of the social consequences 
of being identified as infected with HIV. Mass education 
and individual counselling, they argued, were the crucial 
options. From this perspective, testing, with all of its 
technical uncertainties, was too costly and too dangerous. 

Over the years the bitter edge has all but vanished from 
the dispute. Public health officials have recognized that 
extraordinary changes have taken place in the behaviour 
of gay men, changes that could not be directly linked to 
the availability of testing. Such changes have, however, 
not been uniform. Mass education campaigns have not 
affected the sexual behaviours of some gay men and many 
intravenous drug users. What remains a matter of contro¬ 
versy is how aggressively to press for testing among those 
groups where the degree of behavioural change thus far 
attained gives cause for concern, or even alarm. Most re¬ 
cently, officials at the Centres for Disease Control have 
begun to acknowledge that the substantial resources 
committed to testing and counselling might not be the 
most effective approach for those at greatest risk. 

Contributing to the always fragile consensus on test¬ 
ing for behavioural change has been a recognition on the 
part of public health officials of the need to win the 
confidence of those most at risk for HIV infection. To 
the fears that the confidentiality of test results would be 
breached, thus exposing those infected to stigma and 
discrimination, public health officials have responded by 
embracing the cause of confidentiality and legislation to 
protect the social and economic rights of individuals 
with HIV infection^"^. Without careful assurances of 
confidentiality and protection against irrational dis¬ 
crimination, encouraging those at risk to come forward 
for testing would be impossible. 

Screening for clinical purposes 

Early in the history of the epidemic, when medicine was 
all but impotent against the opportunistic diseases that 
afflicted those with HIV, the question with which some 
patients , and many of their advocates confronted those 
who proposed antibody testing was: ‘Of what benefit 
will a positive finding be for meV Further, this was not 
a test like others, that clinicians generally used and that 
were typically covered by the broad, general consent 
implied in an agreement to be treated. Rather, critics 
argued, the antibody test was for social and psychologi¬ 
cal reasons, more like those invasive procedures for 
which special consent was required. Faced with such 
challenges and the undeniable reality of social stigma 
associated with HIV infection, physicians, their profes¬ 
sional associations, and public health officials agreed 
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that an exacting standard of consent to HIV testing was 
appropriate: specific informed consent was to be sought 
from patients or their surrogates. To many clinicians, 
however, such requirements represented an unacceptable 
intrusion into the therapeutic relationship, a hurdle de¬ 
signed to impede sound diagnostic work. 

Now that medicine has made some remarkable ad¬ 
vances in its capacity to control the life-threatening ill¬ 
nesses HIV-infected individuals face, given the increas¬ 
ing frequency with which physicians and researchers 
have begun to promote the prophylactic use of thera¬ 
peutic agents and given the range of clinical trials for 
which infected people may be eligible, the picture for 
patients is very different from what it had been early in 
the epidemic. Under such circumstances one can answer 
the question, ‘Of what benefit will a positive finding be 
for meV quite differently than in 1985. 

Under such circumstances, clinicians have begun to 
exert pressure to loosen the requirements for specific, 
informed consent before testing. In short, they have be¬ 
gun to maintain that the time has come to return AIDS to 
the medical mainstream^. 

Although one can appreciate clinicians’ impatience as 
expressed by this perspective, resisting the pressure for 
routine testing without consent is important. In the first 
place, as much as the clinical picture has begun to 
change, no definitive therapeutic course is available for 
people infected with HIV but who are asymptomatic. At 
the same time, the possibility of stigma and discrimina¬ 
tion remains an ever-present threat to the social well¬ 
being of the infected. Given these circumstances, argu¬ 
ments for specific, informed consent remain as pertinent 
as ever^®. But even if the clinical picture improved dra¬ 
matically, the moral grounds for insisting on informed 
consent before HIV testing would not change. It is an 
established principle of medical ethics that competent 
adults have the right to decide whether or not to undergo 
treatment and whether or not to terminate treatments 
already begun. 

Certainly, the principle that limits the physician’s pa¬ 
ternalistic authority to order therapies in the interest of 
the patient extends to the authority to order tests that 
would serve as the basis for commencing treatment. But 
if respect for the autonomy of the patient requires that 
physicians exercise restraint, then their ethical respon¬ 
sibility to provide appropriate care now requires that 
they routinely offer HIV antibody testing to those pa¬ 
tients whose social histories suggest an increased pos¬ 
sibility of infection and for whom therapy is available 
and accessible. 

Screening for safety 

Because AIDS represented the first major infectious 
disease with which advanced industrial societies had had 
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to contend in almost a generation, and because the 
causative agent was not identified until three years after 
the first cases had been reported, it is not surprising that 
it provoked considerable social anxiety. Employers, 
landlords, schools and even some health care institutions 
evidenced a willingness to exclude those with the new 
disease. With the discovery of HIV and the development 
of a test that could detect the antibody to the virus, the 
potential for discriminatory activity increased despite the 
epidemiological evidence about how infection is spread. 

In the United States, the Centers for Disease Control 
moved swiftly to contain the irrational impulse toward 
exclusion^The message was clear: HIV could not be 
transmitted casually and thus no grounds existed for 
excluding infected individuals who were otherwise ca¬ 
pable of performing their expected functions, from their 
schools or workplaces. In the context of the health care, 
setting universal blood and body fluid precautions 
would protect workers not only from HIV but also from 
the far more infectious hepatitis B. Screening could only 
provide illusory protection. 

Although shameful efforts to exclude or isolate school 
children with AIDS or HIV infection and cases of dis¬ 
crimination by employers still occur, they are almost 
universally deplored as irrational, unscientific and ret¬ 
rograde. 

The situation in health care has not been so clear-cut. 
The relatively few cases of transmission as a result of 
needle sticks^"^, and the even smaller number of cases of 
transmission linked to blood splashes have provoked 
distress among health care workers, especially among 
surgeons, obstetricians, nurses and emergency room per¬ 
sonnel. Those whose work regularly brings them into 
contact with their patients’ blood feel vulnerable. On 
rare occasions they have asserted the right to refuse to 
care for those infected with HIV, thereby rejecting the 
fundamental principles of medical ethics^Far more 
frequently they have publicly challenged the adequacy of 
the recommendations for universal blood and body fluid 
precautions. They have demanded the right to know 
whether or not their patients are infected and the right to 
screen on a routine or mandatory basis for HIV infection. 
The level of vigilance demanded by the threat of a lethal 
infection cannot, they have argued, be maintained at all 
times. Protection requires knowledge of infection. The 
conflict between public health officials who have declared 
that universal precautions are adequate and clinicians who 
have asserted that they are not has not abated. 

Haunting the entire debate about screening patients 
for safety reasons is the spectre of the refusal to treat. 
Those identified as infected will not simply be treated 
with greater vigilance. They will be given different care, 
lesser care, perhaps no care. In the absence of ironclad 
assurances to the contrary, those committed to protect¬ 
ing the infected will view all calls for mandatory 
screening of patients as a dangerous first step. 
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In the coming years, new controversies about screen¬ 
ing will surely arise. In each conflict those who confront 
each other will predictably seek to appropriate the man¬ 
tle of value-free decision making and will charge that 
those with whom they disagree have deserted the stan¬ 
dards of science. On some occasions, the risk posed by 
the infected will be understood to be so small and the 
implications of screening and exclusion so burdensome 
that even the most cautious will find justifying compul¬ 
sory testing and imposing restrictions hard. On other 
occasions the choices will not be clear-cut. Neverthe¬ 
less, in each case more than ‘science’ will be involved. 
Decisions about screening policy will reflect the balance 
of moral commitments to privacy, reason and communal 
well-being. 

Seroprevalence studies 

With the identification of HIV as the aetiological agent 
of AIDS in 1984, investigators realized that an under¬ 
standing of the dimensions of the epidemic would re¬ 
quire more than a careful detailing of the incidence and 
prevalence of overt symptoms of the disease. To enable 
public health authorities to target and evaluate preven¬ 
tive interventions and plan for the health care services 
that would be required in the future as those infected 
progressed to symptomatic conditions, knowledge of the 
incidence and prevalence of HIV infection was critically 
needed. 

Soon after antibody testing became possible, epide¬ 
miological specialists and public health officials con¬ 
cerned with the surveillance of the HIV epidemic real¬ 
ized that data based on volunteer studies involving only 
consenting individuals drawn from high-risk groups 
such as homosexual men, intravenous drug users, visi¬ 
tors to clinics for sexually transmitted diseases or from 
low-risk groups were insufficient for monitoring the 
incidence and prevalence of HIV infection because of 
selection and participation biases. 

Anonymous, blinded or unlinked screening emerged 
as the method of choice for epidemiologists who sought 
to overcome the inadequacies of volunteer studies. Such 
screening would involve blood specimens collected for 
purposes other than HIV testing under conditions that 
permanently stripped such samples of personal identifi¬ 
ers. As an epidemiological tool, blinded studies had 
been used on other occasions to establish vaccination 
levels in populations and for reference purposes in 
hospital laboratories. 

Because individuals participating in blinded screening 
could not be identified, researchers in the United States 
generally believed that the principles of privacy and 
informed consent were not being violated^^. However, 
the very element of blinded studies that appeared to 
permit testing without negating these principles raised 
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problems for public health, and seemed to represent a 
breach of the ethical duty to inform individuals about 
clinical findings germane to their well-being. In the 
United Kingdom a leading medical ethicist based his pro¬ 
found objection to blinded studies on these grounds^ 

We trade on deceit - a minor deceit but undoubtedly a de¬ 
ceit - if without either explicit or implicit permission we 
start using our patients for the benefit of others. The de¬ 
ceit is compounded if in so using our patients we discover 
important information that they may wish to know and we 
have deliberately both failed to find out whether or not 
they would wish to know it and so organized matters that 
we cannot pass it on even if they did wish to know. 

Such objections were persuasive for a time in Great 
Britain, and in the Netherlands^^ and Denmark^^, where 
people have remained deeply suspicious of blinded 
studies. In the United States, however, such studies pro¬ 
ceeded with virtually no dispute. 

Those who propose to undertake such studies must 
now pay attention to the prospects of effective early in¬ 
tervention for those with HIV infection. The issue is no 
longer one of balancing the public health benefits of 
blinded studies against the potential benefits of studies 
that would not preclude the notification of infected 
people. Those with HIV infection have a clear and im¬ 
mediate interest in knowing that they are infected. The 
ethical standards that impose upon clinicians a duty to 
inform their patients may increasingly seem to be at 
odds with the ethical and professional duty of public 
health officials to develop the most accurate epidemiol¬ 
ogical foundations possible for guiding preventive inter¬ 
ventions and organizing health care services. Under 
these circumstances, ensuring that the subjects of 
blinded seroprevalence studies have access to voluntary, 
confidential HIV antibody testing with appropriate 
clinical follow-up will be critically important. 

Conclusions 

India is beginning to experience a striking and disas¬ 
trous increase in HIV infection. This epidemiological 
threat is taking place in a vast and populous nation with 
limited resources compared to those available to the 
industrialized democracies. The fundamental ethical 
challenges presented by the AIDS epidemic in India will 
basically be no different from those in the United States: 
to inhibit the spread of HIV infection, to provide medi¬ 
cal care to the level permitted by the resources avail¬ 
able, and to treat those individuals infected with HIV or 
diagnosed with AIDS with dignity and respect. 

It is within the context of these ethical challenges that 
India must confront the question of how best to employ the 
HIV test. Like any other technology it can be used to the 
advantage of those who are vulnerable or it can be abused, 


thereby further burdening those most in need of protection, 
care and respect. How India chooses to employ the HTV test 
will represent an important measure of its commitment to 
both the public health needs imposed by the AIDS epidemic 
and to the human rights that may be compromised in the 
face of the challenge of a growing epidemic. 
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Economists have a vital role to play in helping public 
health officials and policy-makers understand the AIDS 
epidemic and design efficient policies to limit its impact. 
AIDS is first and foremost a public health problem, but it 
is a problem with deep economic roots and potentially 
devastating economic consequences. The main purpose of 
this article is to document this assertion. 

The costs of AIDS 

To understand the economic consequences of AIDS, a 
useful starting point is to examine the costs associated 
with this disease. These costs fall into four main cate¬ 
gories. First are the personal medical care costs associ¬ 
ated with AIDS, which capture the costs of detecting, 
treating and caring for people with AIDS. Second are 
the nonpersonal costs, such as the costs of blood 
screening, the costs of information, education and com¬ 
munication, and the costs of basic research on AIDS. 
Third is the cost of lost output and lost income because 
of AIDS morbidity and mortality. Fourth are the psycho¬ 
logical costs associated with the epidemic, such as the 
pain and suffering caused by AIDS and the cost imposed 
upon people who must behave differently to avoid con¬ 
tracting or transmitting HIV. 

The first two categories of AIDS costs jointly make up 
the direct costs of the epidemic, so named because they 
involve a direct diversion of scarce resources from other 
uses. The third category is referred to as the indirect 
cost of the epidemic. It is not an out-of-pocket cost like 
medical expenditures on AIDS patients. Rather, it is 
what economists term an opportunity cost, because it 
reflects the value of lost opportunities to work and pro¬ 
duce the goods and services whose consumption yields 
satisfaction. Indirect costs are just as important a com¬ 
ponent of the total cost of the epidemic as direct medical 
costs. The epidemic’s psychological costs are rarely 
discussed or quantified. 

The first generation of economic research on the 
AIDS epidemic has involved measuring the direct costs 
of HIV and AIDS and the income foregone because of 
AIDS morbidity and mortality in many countries 
throughout the world. Every study of this issue of which 
we are aware concludes that AIDS is an unusually costly 
illness on a per case basis, for two main reasons. First, 
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many of the opportunistic infections with which AIDS is 
definitionally associated, such as tuberculosis, pneumo¬ 
nia and cryptococcal meningitis, are costly to treat rela¬ 
tive to the cost of treating other common illnesses; and 
second, AIDS disproportionately afflicts individuals in 
their prime productive years, thereby causing a consid¬ 
erable loss of income to them and their families. 

Economists have estimated that the lifetime personal 
medical care costs associated with AIDS are more than 
double India’s per capita income, assuming that people 
with AIDS receive medical care that conforms fully to 
local protocols for the treatment of AIDS and the oppor¬ 
tunistic infections with which AIDS is associated. The 
income lost because of AIDS morbidity and mortality is 
estimated to be far greater: more than ten times India’s 
income per capita, in discounted terms^ This estimate of 
the loss of private income should not be confused with 
social output losses, especially in a labour surplus set¬ 
ting, although the two concepts can be linked. Overall, 
these estimates of medical care costs and lost income 
indicate that each case of AIDS is quite costly in India, 
just as it is elsewhere in the world. 

Economic determinants of HIV transmission 

The contribution of economics to understanding the 
AIDS epidemic is not limited to quantifying its impact 
in monetary terms. Economics also provides a powerful 
way of examining the pattern of the epidemic’s spread. 
The central idea is that HIV is not spread randomly, as 
tends to be the case with the bacteria that cause tubercu¬ 
losis or the virus that causes the common cold. Rather, 
HIV is most often transmitted as a consequence of pur¬ 
poseful behaviour that often has a strong economic 
foundation. For example, some of the sex that contrib¬ 
utes to the spread of HIV is sold on the street and 
through brothels^’As another example, a close con¬ 
nection seems to exist between labour migration and 
HIV transmission"^"^. This connection seems to arise 
because the behaviour of migrants is not easily subject 
to monitoring by their families and communities, be¬ 
cause migrants often have considerable amounts of cash 
to spend, and because they may be lonely because of 
being separated from their families. In addition, because 
migrants are often poorly educated and not closely con- 
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nected to stable communities, making them aware of the 
behaviours that put them at high risk for contracting or 
transmitting the virus that causes AIDS can be challeng¬ 
ing. All these factors increase the likelihood of migrants 
engaging in commercial sex, an activity that puts them at 
high risk for contracting HIV, and ultimately places 
their spouses and unborn children at risk. 

India has a huge migrant population, both internal and 
international. For example, rural to urban migration is 
significant, especially in Maharashtra, Tamil Nadu and 
West Bengal. So too is the floating population of mi¬ 
grant workers^. India is also experiencing substantial 
cross-border population movements with Bangladesh, 
Nepal, and to some extent Myanmar, as well as strong 
migration flows to and from the Middle East and a 
growing influx of foreign tourists, business people, and 
others. Add to this a continuing process of economic 
reform, which is likely to promote the movement of 
people into, out of, and within India, and the situation is 
one of continuing and increasing vulnerability to the 
spread of HIV, especially among the general population. 

We conclude from this reasoning and these examples 
that economists have a key role to play in understanding 
the nature of the HIV and AIDS epidemic and in assess¬ 
ing its impact. Economics is a crucial ingredient in any 
explanation of why HIV spreads so rapidly among lorry 
drivers, fishermen, sailors, construction workers, over¬ 
seas contract workers, the military, commercial sex 
workers, injecting drug users, and commercial blood 
donors. That so many countries throughout the world 
share this pattern of spread is no coincidence. 

Does government have a role to play? 

Government intervention in the area of HIV/AIDS en¬ 
compasses a myriad of activities aimed both at control¬ 
ling the spread of HIV and coping with the immediate 
shock of the epidemic and its wide-ranging echo effects. 
Interventions may be justified on the grounds that they 
promote efficiency (that is, increase the size of the eco¬ 
nomic pie) or promote equity (achieve a more desirable 
distribution of the pie). 

Intervention can promote efficiency if one individual’s 
behaviour imposes costs upon others for which no com¬ 
pensation is paid, a market failure that economists refer to 
as a negative externality. As an example, an externality 
may arise if a person with AIDS and tuberculosis coughs 
or sneezes in public, and thereby subjects other nearby 
individuals to the risk of tuberculosis infection. Costs that 
are not easily deterred are being imposed without offset¬ 
ting compensation. As another example, consider women 
who are powerless to negotiate the use of condoms with 
their sex partners, a situation that arises in many com¬ 
mercial sex establishments as well as in many marital re¬ 
lationships. To the extent these women are exposed, along 


with their unborn children, to the risk of HIV infection, 
costs that are not easily deterred are again imposed with¬ 
out compensation, a classic market failure for which gov¬ 
ernment intervention is a natural remedy. 

Intervention may also promote efficiency if private 
individuals are poorly informed about the risks and costs 
of HIV transmission. Indeed, under certain conditions 
the government can improve well-being either by pro¬ 
viding information about HIV and AIDS or by adopting 
tax, subsidy, or regulatory policies that induce people to 
act as if they had this information. 

An equity justification for intervention could arise if 
the costs of the epidemic fall disproportionately upon 
the poor^’^. If the government deems the ensuing distri¬ 
bution of economic well-being, under which the poor are 
further immiserized, to be socially undesirable, govern¬ 
ment intervention aimed either at preventing HIV 
transmission or redistributing resources is well justified. 

Contribution of economic reasoning to policy¬ 
making 

Even though making a case for some government inter¬ 
vention in the area of HIV and AIDS in Asia’s develop¬ 
ing countries is not difficult, the complexity of the 
mechanisms that lead to HIV infection and that deter¬ 
mine their social and economic impacts make effective 
policy-making an especially challenging task. We offer 
three examples to illustrate this point. 

The first example relates to HIV transmission via the 
sharing of needles among injecting drug users. To re¬ 
duce the rate of HIV transmission, some policy-makers 
have suggested reducing the number of drug users by 
cracking down on the supply of opium. From an 
economist’s perspective, however, destroying opium 
fields might actually promote HIV transmission, a result 
exactly opposite to the one desired. This could happen if 
a reduced supply of opium leads to an increase in its 
price, which in turn leads habitual opium smokers to cut 
back on their opium consumption by switching to injec¬ 
tion, a far more efficacious mode of opium use^^. 

Throughout North America and Western Europe, pol¬ 
icy-makers are increasingly responding to the problem of 
HIV transmission through the sharing of nonsterile injec¬ 
tion equipment by establishing needle exchange pro- 
grammes^^ Under these programmes, injecting drug users 
can receive new injection equipment at no charge in ex¬ 
change for used injection equipment. Needle exchange 
programmes are controversial because they try to improve 
the conditions under which illegal drug use takes place, 
which critics claim promotes greater drug use. Nonethe¬ 
less, preliminary evidence for the United States suggests 
that the rate of new HIV infection among injecting drug 
users who participate in such programmes is lower than 
the corresponding rate among nonparticipants^^. 
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As a second example, consider a policy of isolating or 
imprisoning seropositive commercial sex workers, as 
India did for a brief period several years ago in a highly 
publicized case in which 854 commercial sex workers, 
457 of whom were HIV-positive, were moved from 
Bombay to Madras and confined^. On the surface, this 
policy might seem to be a sensible way to curb HIV 
transmission, because it prevents seropositive sex work¬ 
ers from selling sex. However, it fails to address the 
demand side of the market for sex, that is, the fact that 
certain individuals, be they foreign businessmen or na¬ 
tive sailors, fishermen or migrant workers, will continue 
to demand and be willing to pay for sex. Under the eco¬ 
nomic conditions that currently prevail throughout most 
of the world, that demand will be satisfied by a new 
group of women who will supply sex commercially, not 
because they are social deviants, but because they lack 
better economic opportunities. Although these women 
may be seronegative when they enter the sex industry, 
without information about HIV and without the power to 
negotiate the use of condoms, they too will become in¬ 
fected and then infect others. 

A third example concerns HIV testing. Some policy¬ 
makers believe that mandatory testing is a useful ap¬ 
proach to HIV prevention^^. Their rationale is that peo¬ 
ple will respond altruistically to the knowledge that they 
are HIV-infected by curbing behaviours that put others 
at high risk of infection, especially if they receive ap¬ 
propriate counselling. Altruism is, however, not the rule 
in economic behaviour. Selfishness is much more com¬ 
mon, and in this context might actually cause HIV test¬ 
ing to promote further transmission as people who learn 
that they are seropositive recognize that they no longer 
face a key disincentive to high-risk behaviour: the risk 
of HIV infection. Although research findings vary, a 
number of reputable studies have found evidence that 
positive HIV test results trigger increases in high-risk 
behaviour, thereby supporting the view that testing may 
promote HIV transmission^"^’ 

These three examples are not meant to suggest that eco¬ 
nomic reasoning provides a complete explanation of indi¬ 
vidual decisions about drug consumption, the supply of and 
the demand for sex, or other high-risk behaviours. They do, 
however, illustrate one of the hallmarks of economists’ ap¬ 
proach to policy-making: the need to understand the 
mechanism that is generating undesirable outcomes as a 
prelude to effective policy design and implementation. 

In the first example, the economics of drug injection 
suggests that a policy of destroying opium fields might 
increase drug injection more than it decreases drug use, 
the net effect being a higher rate of HIV transmission. 
This reasoning does not, of course, imply that the gov¬ 
ernment should promote opium production as a way to 
drive prices down and encourage smoking in place of 
injection. While such a policy might, in principle, curtail 
the spread of HIV, it would probably do so quite slowly, 
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because heavy drug injectors rarely revert to smoking. 
More important, it might simultaneously increase the 
number of drug users, which is clearly not a desirable 
outcome. However, this bit of economic reasoning 
does help explain the calls for decriminalizing the 
sale, possession and use of drugs that one increasingly 
hears in North America and Western Europe. It also 
highlights the fact that many practical policies for HIV 
prevention may conflict with other social goals and 
policies. For example, needle exchange programmes 
may increase the number of drug users, early sex educa¬ 
tion and free contraceptives may encourage promiscuity, 
condom distribution in the prison system may condone, 
illicit homosexual activity, and policies mandating the 
use of condoms in brothels may undermine the illegality 
of prostitution. 

In the second example, a policy of imprisoning sero¬ 
positive commercial sex workers is little more than a 
temporary solution, what might best be termed a band- 
aid solution, to the problem of HIV transmission. It ig¬ 
nores both the demand side of the market for sex and the 
readily available supply of additional sex workers. 

In the third example, as already noted, mandatory 
testing may actually promote HIV transmission. This 
observation highlights the fact that the HIV epidemic 
can, in principle, be controlled without identifying a 
single HIV-infected person. As long as the population 
behaves carefully, a goal that is presumably promoted 
by the provision of information, those who are infected 
will not transmit the HIV and those who are uninfected 
will not contract it. Testing the blood supply and doing 
some testing for purposes of epidemiological surveil¬ 
lance may be desirable, but this testing can be done 
anonymously. Limiting the amount of testing that is 
done also affords the greatest protection to individual 
privacy, thereby limiting the ostracism and stigmatiza¬ 
tion that so often, so needlessly, and so counterproduc- 
tively accompany the spread of HIV and AIDS. 

Contribution of economic tools to policy-making 

Good economic reasoning encourages policy-making 
directed at underlying problems, not at superficial 
symptoms. Economics also offers a set of tools that are 
often extremely useful for rational policy-making. These 
tools, known as cost-benefit analysis and cost- 
effectiveness analysis, are methods for evaluating the 
desirability of alternative policy options^^. Both meth¬ 
ods require us to estimate the costs of implementing 
alternative policies. Cost-benefit analysis also estimates 
the expected benefits corresponding to each alternative, 
and the optimal policy is the one that has the highest net 
benefit, that is, benefits less costs. 

Cost-effectiveness analysis is closely related to cost- 
benefit analysis, except that it stops short of estimating 
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the monetary benefits of particular policies. Instead, it 
calculates and compares the cost of alternative methods 
of achieving a particular qualitative outcome. 

As a brief illustration, suppose we wish to compare 
the following eight programmes for HIV prevention and 
control: (1) mass education through national television 
and radio; (2) mass education through the distribution of 
a one-page AIDS information sheet to every household 
in India; (3) a special HIV and AIDS information pro¬ 
gramme for Indian workers and tourists going abroad; 
(4) a special HIV and AIDS information programme for 
lorry drivers; (5) a programme to expand the provision 
of family planning services to unmarried individuals; (6) 
a programme to treat sexually transmitted diseases 
(STDs), which is important because STDs greatly in¬ 
crease the risk of HIV transmission; (7*) a programme 
for screening India’s blood supply for HIV; and (8) a 
community-based programme aimed at reducing the de¬ 
mand for drugs and promoting harm reduction among 
injecting drug users in Manipur and other areas with 
relatively heavy drug use. Using cost-benefit analysis 
we would estimate the number of HIV infections that 
each programme would avert and place a monetary 
value on those averted infections using estimates of the 
direct and indirect costs of the epidemic. We would then 
compare the estimated monetary value of averted infec¬ 
tions and of any other expected consequences of each 
programme, such as control of STDs, fertility reduction, 
reduced drug use, lower crime rates, and so on, with the 
cost of each programme. Good programmes are those 
whose benefits exceed their costs, much like good in¬ 
vestments are those that yield positive net returns. 

Using cost-effectiveness analysis, we would not place 
a monetary value on the estimated number of averted 
HIV infections. We would simply calculate the cost per 
averted infection under each programme as a way to 
identify which of them offers the least expensive way to 
control the spread of HIV. Unlike cost-benefit analysis, 
which takes multiple programme impacts into account 
and indicates whether each programme is a good in¬ 
vestment or not, cost-effectiveness analysis simply ranks 
alternative programmes in terms of their economic effi¬ 
ciency in achieving a particular outcome. As cost- 
effectiveness analysis does not require the monetization 
of programme benefits, it also requires fewer assump¬ 
tions and calculations than cost-benefit analysis. 

Cost-benefit and cost-effectiveness analyses provide a 
systematic, sensible and practical way of selecting 
among alternative policy options. Combinations of op¬ 
tions may also be analysed, which is important if pro¬ 
grammes complement each other. The analyses hiay be 
performed from the point of view of an individual, an 
organization, or society as a whole, and often yield dif¬ 
ferent results depending upon whose point of view is 
adopted. Although these analyses are sometimes diffi¬ 
cult to carry out because of data limitations and a vari¬ 


ety of difficulties inherent in calculating and monetizing 
programme impacts, this is not always the case, as some 
recent cost-benefit analyses for China and Sri Lanka on 
the costs and benefits of screening the blood supply for 
HIV demonstrate’’^^. 

Considerable work remains to be done in applying the 
tools of cost-benefit and cost-effectiveness analyses to 
the evaluation of policies designed to promote HIV pre¬ 
vention and control. Especially interesting would be 
analyses of HIV and STD prevention programmes that 
involve expanding the distribution of condoms in India 
and of programmes for both mass and targeted education 
about HIV and AIDS, especially programmes designed 
to reach migrants. In the absence of a cure for HIV and 
AIDS, information about safe behaviour and the neces¬ 
sary motivation to practise it are the only options even 
remotely resembling a vaccine against HIV transmis¬ 
sion. HIV can spread fast, but so too can information. 
Indeed, information delivered through community-based 
programmes and channels of influence appears to be the 
most potent ally available in the effort to control further 
spread of HIV’®. 

Impact of AIDS on economic growth and devel- 
opment 

Leaders in the global campaign against AIDS have re¬ 
peatedly expressed the opinion that the AIDS epidemic 
is likely to have a substantial - perhaps even a cata¬ 
strophic - impact on the macroeconomies of developing 
countries^^’ A variety of economic studies support 
these assertions. These studies indicate that in the hard¬ 
est hit countries of Africa, the HIV and AIDS epidemic 
may diminish the annual growth rates of national income 
by as much as two-thirds of a percentage point, and di¬ 
minish the annual growth rate of national income per 
person by as much as one-third of a percentage point 
through the year 2010 (refs 23-26). In relation to the 
growth rates of many of the world’s economies, two- 
thirds of a percentage point is not as little as it may 
seem initially. Also, it adds up over time, which is im¬ 
portant given that a biochemical vaccine against HIV 
infection and a cure for AIDS are nowhere in sight. 

The economic simulation models and cost of illness 
calculations that support the prediction that AIDS will 
have dire macroeconomic consequences require many 
assumptions that are difficult to verify, but adopting a 
more direct approach to examining the impact of the 
epidemic on the growth rates of income per person is 
now feasible. We are in the second decade of the world 
AIDS epidemic, which has progressed relatively far in 
several countries, especially in Africa. For example, 
nearly 20% of the adult populations of Uganda and 
Zambia are infected with HIV. In Zambia, the cumula¬ 
tive number of cases of full-blown AIDS has already 
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reached 4% of the adult population. With this range of 
HIV experience, from low prevalence countries like China 
and Sri Lanka, to medium prevalence countries like India, 
Myanmar and Thailand, to high prevalence countries like 
Uganda and Zambia, we may examine whether countries 
that have experienced more severe AIDS epidemics have 
also experienced lower rates of economic growth, while 
controlling for other influences on economic growth and 
addressing the possible reciprocal influence of economic 
growth on the spread of the HIV. 

Technical issues and other details aside, preliminary 
calculations based on data for 51 countries reveal that 
the AIDS epidemic has had only a small and statistically 
insignificant negative effect on income per person. 
These results resemble ones derived through similar 
analyses of the economic impacts of the world influenza 
epidemic of 1918-19 and the Black Death of the mid- 
1300s, both of which killed massive numbers of people 
in extremely short periods of time^^. 

With these findings in hand, and given that India al¬ 
ready has first-generation estimates of the economy¬ 
wide costs of the epidemic, the amount of attention de¬ 
voted to the macroeconomic impacts of the AIDS epi¬ 
demic can be reduced. This will give policy-makers and 
researchers an opportunity to focus greater attention on 
the impact of the epidemic on particular industrial and 
occupational sectors, on particular geographic regions, 
and on particular demographic groups, especially people 
living with AIDS and their families, women, the popr 
and other marginalized groups, such as homosexuals and 
drug users. These are the areas that health policymakers, 
economists, international organizations, nongovernmen¬ 
tal organizations, and others concerned with the social 
and economic implications of the epidemic need to ad¬ 
dress most urgently. They involve complex issues that 
include matters of health, sociology, psychology, law, 
politics and economics. As research problems, they call 
for multidisciplinary approaches, mirroring their nature 
as multisectoral problems from the standpoint of policy 
design and implementation. 
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Table 1. Mean activity coefficient of HCl at 25®C 


Molality 

Activity 

coefficient 

Molality 

Activity 

coefficient 

0.001 

0.966 

0.5 

0.769 

0.005 

0.930 

1.0 

0.811 

0.01 

0.906 

1.5 

0.898 

0.05 

0.833 

2.0 

1.011 

0.1 

0.798 

3.0 

1.31 


The basis for determination of standard potential of 
hydrogen electrode is discussed. The EMF values for 
five cells, each one having a half cell consisting of a 
hydrogen electrode with different activities/concen¬ 
trations of hydrogen ions, the other half cell being 
either Ag/AgCl or An/AnCli of different molalities, 
are measured using solid ion-transmitting bridge 
without liquid junctions to calculate thermodynamic 
activities. It has been concluded that the standard 
potential of hydrogen electrode is actually zero, as 
the measured EMF value for the cell Zn/ZnCl 2 
(0.6299 m)/HCl (1.18 M)/H 2 (1 atm), Pt viz. -0.762 V 
is in accordance with the standard potential of zinc 
obtained from precise calorimetric data. The various 
factors that support this conclusion are presented. 


Recently it has been demonstrated that it is possible to 
measure single ion activities using a solid chloride ion 
transmitter bridge-AgCl bridge. Single ion activities of 
zinc and chloride in ZnCl 2 solutions in molality range 
0.1-0.001 were reported^ 

Measurement of single ion activities should lead to 
determination of absolute electrode potentials. The as¬ 
sumption made for arriving at the standard potentials of 
various electrode system is that the standard potential of 
hydrogen electrode is zero. Precise calorimetric data for 
standard potential of zinc, which is not dependent on 
any potentiometric value, are available. It should, there¬ 
fore, be possible to determine the standard potential of 
the hydrogen electrode using half cell potentials of zinc 
electrode reported earlier and the standard hydrogen 
electrode. 

The hydrogen electrode used for the potential meas¬ 
urement was equipped with a presaturator, a hydrogen 
bypass and was designed to be completely immersed in 
thermostatted bath. The cell set up is described else¬ 
where^. The two hydrogen electrodes were platinized 
from a solution of 1% chloroplatinic acid containing 
10 mg lead acetate with a current density of 30 mA/cm^ 
for 10 min. The electrodes were then rinsed with dis¬ 
tilled water several times. 

For the preparation of solid-ion transmitting bridge, 
pure AgCl was melted into the bridge in the form of a 
‘U’ tube made from pyrex glass with a capillary of 2 mm 
bore diameter. The tubes are then heated to 380°C and 
held at that temperature for 10 h and then allowed to 
cool. 


The hydrogen electrode was immersed in water in a 
thermostat set to 25°C. The thermostat is a Haake D8, 
Germany capable of controlling the temperature by 
±0.1°C. Pure hydrogen is passed to the cell by Hydrogen 
Generator model No. 8200 of Packard Instrument Com¬ 
pany, Canberra. 

It is reported by Vogel^ that a solution of 1.18 M cor¬ 
responds to unit activity and is supported by literature 
values'^. 

From Table 1, it can be seen that 1.0 m corresponds to 
an activity of 0.811 and 1.5 m corresponds to an activity 
of 1.347. So an activity of 1.00 corresponding to molar¬ 
ity of 1.18 m follows from interpolation. Molarity of 
1.18 corresponds to an activity coefficient of 0.8475. 
The modified Debye-Hiickel.equation (Davies equation) 
which would give the above mentioned activity coeffi¬ 
cient is: 


-log 7 + =0.509Z^Z_ 


JL 

i+V/ 


-0.3221 


This equation is acceptable as the empirical constant ‘C’ 
for highly concentrated solutions can vary between 0.3 
and 0.4 in the formula proposed by Davies^ for activity 
coefficient as: 

-iogr± =o.509z^z_|Y^-a 

Hence we chose the value of 1.18 M for preparing a HCl 
solution of unit activity. 

The exact molarity was determined by standard titra¬ 
tion technique. The HCl solution of 0.01 m was pre¬ 
pared by diluting the standard volumetric solution sup¬ 
plied by E. Merck India Ltd. Zinc chloride solutions 
were prepared by dissolving the exact weights of pure 
zinc in 1:1 HCl, evaporating to dryness and adding the 
requisite amount of de-ionized water. 

If the activity of a solution of zinc chloride is assumed 
to be 1, 

^Znci2 “ = 1 , 

Robinson and Stokes^ showed that if mean molality and 
the mean activity coefficient is 1, molality of zinc, ion 
would be mzn^'^ = (4)"^^^ = 0.6299 m. In this high mo¬ 
lality range, neither the Debye-Hyckel equation nor the 
Guntelberg equation will be applicable. Only the em- 
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pirical equation proposed by Davies is applicable. The 
single ion activity of Zn^^ ion will be equal to 1 from the 
expression 

a^n y Zn • 

Since ZnCl 2 solutions were prepared with extreme care, 
the molality variation is ruled out and we have prepared 
a solution 0.6299 m ZnCl 2 to provide for unit activity of 
zinc ion corresponding to the standard state. This corre¬ 
sponds to an empirical constant C well within the range 
of 0.2 to 0.3 in the Davies equation, as in the case of 
HCl solution. Zinc chloride solution of 0.1 m was also 
prepared by the above procedure. 

The instrument used for potential measurement was 
ORION expandable ion analyser, model No. EA 940, 
from ORION Research Inc., USA which is capable of 
handling signals from high resistance sources with neg¬ 
ligible IR drop. 

The bridges are tested by interconnecting Tacussel 
Calomel electrode in saturated KCl and Tacussel 
AgAgCl electrode also in saturated KCl in two different 
beakers, i.e. the cell 

Ag/AgCl, KCl(s)/bridge/KCl(s),Hg 2 Cl 2 ,Hg 

The potential was seen to be in keeping with the ex¬ 
pected value of 45.6 mV^. 

The hydrogen electrodes were tested by observing the 
potential of the following cells: 

1. Pt,H 2 (1 atm), HCl (0.01M)/AgCl, Ag 

2. Pt,H 2 (1 atm), HCl (1.18M)/AgCl, Ag 

The observed potentials were 464.8 mV and 222.4 mV 
(standard potential for Ag/AgCl electrode) respectively 
and were found to be in accordance with values reported 
elsewhere^’^. 

It was considered necessary to test the bridge when 
one of the solutions was acidic as it is well known that. 
the mobility of protons is much higher compared to 
other ions. For this, the bridge was tested by verifying 
the potential of the cell 

Pt,H 2 (l atm),HCl(1.18M)/Bridge/HCl(1.18M),AgCl,Ag. 

The observed potential agrees with the standard poten¬ 
tial of 222.4 mV for the silver-silver chloride electrode. 


Table 2. Measured potentials using hydrogen electrode at 25®C 


Cell assembly 

Potential mV 

Pt,H 2 (l atm), HC1(0.01 m)/Bridge/KCl(s), AgCl, Ag 

318.0 

Pt,H 2 (l atm). HC1(0.01 m)/Bridge/Zna2(0.1 m), 

AgCl, Ag 

409.5 

Zn, ZnCl2(0.1 m)/Bridge/HCl (0.01 m), H 2 (1 atm). Pt 

671.9 

Pt.H 2 (1 atm), HCl (1.18 M)/Bridge/KCl(s), AgCl, Ag 

199.0 

Zn, ZnCl2(0.6299 m)/Bridge/HCl (1.18 M), H 2 (1 atm), 
Pt 

-762.0 


In order to determine the absolute potential of the hy¬ 
drogen electrode, the potential of the following cells 
were measured and the measured potentials are given in 
the Table 2. 

From the potential measured for cell 1 of 318 mV, if 
we deduct the well-established reference-electrode po¬ 
tential of 199 mV, we arrive at Pt,H 2 (l atm), HC1(0.01 m) 
potential of the single electrode system as -119 mV. This 
half cell is coupled with Ag/AgCl system with 0.1 m ZnCl 2 
using the chloride ion transmitter bridge in cell 2. The 
measured potential of cell 2 is 409.5 mV. Substracting 
the hydrogen electrode potential gives a value of 
. 290.5 mV for Ag/AgCl, ZnCl2(0.1 m) half cell, which is 
in accord with the earlier measurements reported^ 

The potential of cell 3 was measured and was found to 
be 671.9 mV., i.e. coupling of the same hydrogen elec¬ 
trode with zinc electrode in 0.1 m ZnCl 2 solution 
through the bridge. Addition of the hydrogen electrode 
potential gives the potential of the zinc half cell, 
Zn,ZnCl2(0.1 m) as —791 mV which is in accordance 
with values reported earlier. These data confirm the 
consistency of the potential measurements made with 
solid-ion transmitting bridge in acidic systems. 

The zinc system was chosen because it is perfectly re¬ 
versible with respect to the cation, does not form 
unipositive ions, does not undergo self corrosion, is 
highly reproducible and precise calorimetric values are 
available for enthalpy changes^^"^^ which when coupled 
with entropy data, can lead to the standard potential of 
zinc from methods other than potentiometric methods 
(See Figure 1). But the final confirmation can come only 
from direct measurement from a solution of H"^ ions of 
unit activity. 

The potential of the hydrogen electrode system dip¬ 
ping into a solution of unit H'^ ion activity was con¬ 
nected through a solid-ion transmitting bridge to a satu¬ 
rated KCl solution in which Ag/AgCl electrode was 
dipped (see cell 4, Table 2). The measured potential of 
199 mV is in keeping with the expected value. 

When the electrode is again dipped into a solution of 
unit BT ion activity and is coupled to a ZnC^ solution in 
which the activity of zinc ion is kept unity (See cell 5 
Table 2), the voltage observed is -762 mV which is in 
accordance with the value derived from calorimetric 
measurements. 

The experimentally observed standard potential of 
zinc using a solution of unit activity with respect to a 
zinc ion and HCl solution of unit activity with respect to 
hydrogen ion is surprisingly in agreement with the calo- 
rimetrically determined standard potential of zinc (see 
Table 2). This shows that standard potential of hydrogen 
electrode is not an arbitrary zero but is actually zero. 

The potential of standard hydrogen electrode is con¬ 
ventionally taken as zero at all temperatures, when the 
partial pressure of H 2 is one atmosphere and the activity 
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Figure 1. Standard 

of hydrogen is unity. The assumption that the is 

zero, leads to the consequent result viz. AG° = 0 which 
means that the free energy of reactant and product of the 
reaction 

+ e 1/2 H 2 

is equal. The possibility of such a situation can be easily 
understood if one can take into consideration the follow¬ 
ing facts: 

1. Proton, unlike other ions, is of Fermi dimensions 

cm)—a Fermion. It is an elementary particle and is a 
nonconformist ion^^. Classical theories are not applicable 
and quantum-mechanical considerations are possible. 

2. The classical thermodynamic considerations are 
not applicable to fundamental particles like electron, 
proton etc. Therefore, the question of considering the 
entropy of the electron of the hydrogen atom which on 
de-electronation will get mingled with conductance or 
fermi lectrons of platinum, does not arise. 

3. Proton’s affinity for electron can be seen from the 
high ionization energy required i.e. 313 k cal.mole for 
removal of an electron from hydrogen atom . 

4. The heat of formation of hydronium ion Hso"" is 
170 k cal.mole"^ which is considerably less than the 
ionization energy of hydrogen atom . 

5. It is suggested that proton most probably exists in 
solution as H 30 ^ ions but the evidence is not all that 
certain^^. 

6. Platinum serves not merely as an insert conductor 
but functions more as an efficient electrocatalyst 
enabling the hydrogen molecule to dissociatively adsorb 
on the surface and help in the de-electronation of hydro¬ 
gen atom and electronation of proton. The potential of 
platinum does not influence the hydrogen electrode po¬ 
tential. Large surface area can also be created^^. 


potential of zinc. 

7. The electrical double layer model of Bockris, De- 
vanathan and Muller, which has been accepted as the 
one that explains many of the observed facts, envisages 
a layer of water molecules which are highly oriented and 
has probably a dielectric constant of 6-7 corresponding 
to a saturated dielectric^^. The potential of zero charge 
for Pt in the presence of hydrogen in H 2 SO 4 solution is 
reported^^ to be in the range 4* 0.11 to +0.27 Vs stan¬ 
dard hydrogen electrode. At the potential of zero charge, 
the water molecules are arranged with oxygen end and 
hydrogen end pointed towards the metal surface in an 
alternate manner to make the contributions of water 
molecule to the charge as zero. At the potential of stan¬ 
dard hydrogen electrode, viz. zero which will be nega¬ 
tive to the potential of zero charge, the charge on the Pt 
surface will be -ve and therefore the water molecules 
are adsorbed with their hydrogen ends toward the Pt 
surface. The presence of hydrogen ends adjacent to Pt 
surface will not enable hydrogen ion to form hydronium 
ion. As a result of this arrangement hydrogen ions com¬ 
ing out of the platinum surface due to the de¬ 
electronation reaction will remain close to the surface 
(on the metal side) without forming a hydronium ion. 

8 . From quantum mechanical considerations, proton 
mobility has been explained on the basis of proton tun¬ 
neling as proton is a fermion and classical theories can¬ 
not be applied^\ It has been further suggested that pro¬ 
ton jump can occur only if the acceptor water molecules 
orient so that the oxygen, the proton and the unshared 
electron of the acceptor electron line up. The two proc¬ 
esses, proton transfer and water re-orientation involve a 
time of and 2.4 x 10”^^s respectively. In the pres¬ 
ent case, viz. hydrogen electrode having platinum as the 
inert electrode, the exchange reaction is the electrona¬ 
tion of hydrogen ion to give hydrogen atom and de- 
electronation of adsorbed hydrogen atom to give a pro- 
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ton. Both these reactions can be expected to take place 
at such times, probably, shorter than 10"^"^ s. Which is 
the time required for proton transfer. The proton, 
formed as a result of de-electronation of hydrogen atom 
on Pt surface, remains without forming hydronium ion 
due to the reason mentioned above, close to the plati¬ 
num surface and is readily available for electronation 
reaction. The electrons formed due to de-electronation 
of hydrogen atoms absorbed on the metal surface can 
become members of the conductance of Fermi electrons 
of the metal. The electronation of the proton (or hydro¬ 
gen ion) and de-electronation of hydrogen atom is most 
probably occurring on the electrode surface and close to 
the inner Helmhotz plane of the electrical double layer 
populated by highly oriented water molecules. This ex¬ 
change reaction is almost a solid state reaction and takes 
place at very high exchange rates that is necessary for a 
standard reference electrode. Thus the forward and re¬ 
verse (or backward) reaction, viz. + e can take 

place with zero free energy change i.e. AG° = 0 and con¬ 
sequently E° which is given by -AG°fnF is also zero. 

The finding provides a solid base for the electro¬ 
chemical series built up on the intuitive assumption of 
W. Nernst that the standard potential of hydrogen can be 
assigned a value of zero. • 
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Selective denaturation of cytochrome c 
oxidase by ionic surfactants: Depletion 
of both the heme a residues from the 
enzyme 

Tapan Kanti Das and Shyamalava Mazumdar 

Chemical Physics Group, Tata Institute of Fundamental Research, Homi 
Bhabha Road, Bombay 400 005, India 

UV-visible absorption and circular dicbroism studies on 
interaction of ionic surfactants vdth bovine heart cyto¬ 
chrome c oxidase have been carried out in lauryl mal- 
toside solution. Results showed that addition of the sur¬ 
factant causes irreversible depletion of heme a from 
cytochrome a as well as cytochrome sites of this 
membrane protein at physiological pH. This selective 
denaturation by ionic surfactants is different from the 
effect of guanidine hydrochloride on this enzyme. De¬ 
pletion of heme a causes complete inactivation of this 
ubiquitous respiratory enzyme. 

Ionic surfactants, such as sodium dodecyl sulphate (SDS), 
are commonly used for denaturation of proteins^"^. There 
has, however, yet been no report on any systematic study on 
the nature of interaction of surfactants with hemeproteins. 
Moreover, cationic surfactants were considered to be less 
efficient in such denaturation of proteins, which has been 
disputed recently^, lending it subject for further investiga¬ 
tion. We have recently shown that surfactants, both cationic 
and anionic, can cause release of heme-NO species from 
nitric oxide complex of myoglobin^. Previous studies have 
shown that membrane proteins are generally more resistant 
to denaturation than other proteins. Cytochrome c oxidase 
(CcO, EC 1.9.3.1) is a mitochondrial membrane protein^^^ 
with two heme a active sites, strongly ligated to one or two 
histidines of the protein. This enzyme is generally extracted 
in active form in neutral surfactants such as lauryl maltoside 
(LM), Triton X-100 (TX-lOO), etc. Structure and function 
of this multifunctional enzyme is a subject of frontier inter¬ 
est in recent years. The present report shows that the highly 
buried heme a groups of this enzyme can indeed be de¬ 
pleted by treatment with both cationic surfactant, cetyl 
trimethyl ammonium bromide (CTAB) and anionic surfac¬ 
tant, SDS, in lauryl maltoside solution. The biochemical 
effect of surfactants is a subject of growing concern and the 
present study demonstrates their fatal effect on this vital 
respiratory enzyme. Furthermore, this study provides an 
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Figure 1. The optical absorption spectra of (a) CTAB-treated CcO. CcO 
(7.6 |iM, 0.1% in lauryl maltoside, 50 mM sodium phosphate buffer, pH 
7.4) was charged to a final CTAB concentration of 25 mM. (b) Native 
CcO spectrum (without CTAB) is given for comparison, (c) Dithionite- 
reduced CTAB - CcO. Minimal amount of solid dithionite was added to 
CTAB-treated CcO to effect reduction. 

easy method of extracting heme a from the enzyme which 
would otherwise require more drastic conditions. The re¬ 
sults have been interpreted in the light of electrostatic and 
hydrophobic interactions between the surfactant and the 
enzyme. 

Bovine CcO was extracted from ox heart using reported 
methods^’The spectrum of bovine heart CcO in lauryl 
maltoside showed an irreversible change on addition of 
CTAB or SDS solution to the enzyme. Figure 1 shows the 
spectrum of CcO (7.6 jiM) obtained after addition of 
25 mM CTAB (trace a) in lauryl maltoside solution. The 
spectrum of the native enzyme in absence of surfactant is 
given in trace ‘b’ (Figure 1) for comparison. The spectrum 
of CTAB-treated CcO matched exactly with that of CTAB 
solution of heme a separately isolated from the native en¬ 
zyme (data not shown, see ref. 13). Earlier report^^ of opti¬ 
cal spectra of monomeric heme a encapsulated in surfactant 
solution also matched with the spectra shown in trace a of 
Figure 1. The Soret peak of CcO undergoes a large blue 
shift from 421 nm to 410nm on addition of CTAB. This 
visible band of CcO at ~ 598 nm also disappears in pres¬ 
ence of the surfactant to give a new charge transfer band at 
631 nm characteristic of high-spin heme a species. Moreo¬ 
ver, dithionite reduction of the solution of CTAB-treated 
CcO (trace ‘c’ of Figure 1) matched with the reduced heme 
a in CTAB obtained on addition of minimal amount of 
dithionite to heme a solution (data not shown). Similar ob¬ 
servations were obtained when CcO was treated with the 
anionic surfactant, SDS. Unlike ionic surfactants, the neu¬ 
tral surfactants such as, Triton X-100, LM, etc., however, 
did not have any drastic effect on the spectra of the enzyme. 
Treatment of guanidine hydrochloride has recently been 
shown to cause a red shift in the Soret band of CcO. This 
indicates that the environment around the heme a centre on 


treatment with ionic surfactant is different from that ob¬ 
tained on treatment with guanidine hydrochloride. 

The coordination geometry of the two heme a centres 
(cytochrome a and cytochrome as sites) in the intact native 
enzyme are different from each other, giving rise to a slight 
difference in their optical spectra (broadening of bands) in 
the native enzyme^. However, addition of the ionic surfac¬ 
tant results in complete disappearance of the spectral bands 
of CcO, indicating that both the cytochrome a and cyto¬ 
chrome as sites are depleted from the enzyme to form heme 
a in micelles^"^. 

In order to further characterize the species obtained on 
addition of ionic surfactant to CcO, we have measured cir¬ 
cular dichroism of the Soret region of CcO at different 
added concentrations of surfactants. Figure 2 shows that the 
ellipticity of the Soret region decreases steadily on addition 
of increasing amounts of CTAB. At surfactant concentra¬ 
tions above 30 mM (with 14 iiM CcO) the CD spectra be¬ 
come almost constant with very small ellipticity in the Soret 
region. The presence of protein environment around the 
heme gives rise to large ellipticity of Soret band of hemes in 
hemeproteins^^ Removal of the heme from the protein and 
its subsequent encapsulation inside micelles^"^ result in an 
almost isotropic environment around the heme moiety, 
hence it has negligibly small ellipticity in the Soret region. 
This result further confirms that the species released on 
treatment of CcO with the surfactant is heme a which gets 
encapsulated inside the micelles formed by aggregation of 
the surfactants. The concentration of surfactant required to 
complete the reaction was found to be almost same for SDS 
and CTAB, indicating that both of these surfactants are 
almost equally effective in depletion of heme a from CcO. 
The concentration of guanidine hydrochloride required^^ to 
diminish the heme CD signal was (> 1 M) much more than 
the surfactant required in the present case, indicating that 
ionic surfactants are much more effective in releasing heme 
a from the enzyme. Control experiment with pure heme a 



Wavelenflth (nm) 


Figure 2. Changes in ellipticity in the visible region of CD spectrum of 
CcO in 0.1% lauryl maltoside, 50 mM sodium phosphate buffer, pH 7.4, 
on addition of CTAB aliquots. CcO concentration was 14 pM, cell path 
length was 10 mm. Curves a to d represent CTAB concentrations of 0, 
12.5, 22.8 and 39 mM respectively. 
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monodispersed in micelles (data not shown) did not 
show any significant CD in the near UV-visible region. 
In the UV region, CD bands around 220 nm were found 
to diminish up to 36% on addition of the surfactant (data 
not shown). Similar change in the CD in the 220 nm 
region has been found on guanidine hydrochloride^^ 
treatment of CcO. This indicated that the protein possi¬ 
bly gets partially unfolded on treatment with surfactant. 
However, because of the complexity of the structure of 
this multisubunit protein, the CD spectra does not pro¬ 
vide any quantitative information regarding the unfold¬ 
ing of the structure. 

CD and optical spectra of the cyanide complex of CcO 
(CcO - CN) have also been studied in presence and absence 
of ionic surfactants. The spectra of the cyanide complex 
were recorded within one hour after addition of buffered 
(pH 7.4) KCN solution to CcO when cyanide binds mainly 
to the cytochrome as site^ The major Soret CD peak of 
CcO - CN was observed at 427 nm, which vanished on 
gradual addition of SDS or CTAB solution. The optical 
spectra of surfactant-treated CcO-CN matched quite well 
with the cyanide complex of heme a in CTAB. This result 
indicates that, addition of ionic surfactants causes breaking 
of iron-histidine bonds in cytochrome a as well as in cyto¬ 
chrome as and results in formation of isolated heme a in 
micellar solution. Walter et al}^ observed a partial spin 
state conversion of cyt a by incubating CcO in higher lauryl 
maltoside concentration at 40°C. A blue shift of Soret band 
and formation of a charge transfer band at 630 nm at the 
expense of the a-band (at 598 nm) was ascribed to a low to 
high spin transition of cyt a, probably because of axial Fe~ 
N bond cleavage^^. Our results show that this type of tran¬ 
sition is complete by treating CcO with SDS or CTAB. 

In order to characterize the heme a species obtained on 
treatment in micelles, NMR spectra of heme a in CTAB 
solution at pH~2 (Figure 3, upper spectrum) showed 
highly down field shifted broad signals due to the heme 
protons (possibly heme methyl protons). The paramagneti- 
cally shifted signals in CTAB solution of heme a are similar 
to those obtained from a CDCI3 solution of heme a (lower 
spectrum in Figure 3), which is typical of high-spin Fe^"" 
heme species. The heme proton signals in micellar solution 
are generally very broad^"^ as observed in the present 



Figure 3. Proton NMR spectrum of heme a (-0.4 mM) in CDCI 3 (lower 
trace) and in 30 mM CTAB, 50 mM sodium phosphate buffer, pH~2 
(upper trace) in D 2 O. Temperature was maintained at 30°C. A multiple 
frequency irradiation pulse program was used to simultaneously decouple 
water and CTAB proton resonances._ 


case. Thus the heme a species released on treatment with 
CTAB on CcO is possibly a high-spin heme a complex 
with axial ligands water and hydroxo ion. The line width 
of the paramagnetically shifted heme proton signals 
broadens because of fast ligand exchange at ambient pH, 
hence they could not be detected at ambient pH using the 
500 MHz NMR spectrometer. 

The present study, thus, demonstrates that ionic surfac¬ 
tants can cause irreversible release of heme a from cyto¬ 
chrome c oxidase. The deactivation of CcO and release of 
heme a by CTAB or SDS possibly involves electrostatic 
binding of the ionic surfactant to the enzyme. Both cationic 
and anionic surfactants possibly bind to the enzyme surface 
around its heme crevices to cause heme release. As the 
charged head groups of surfactant molecules anchor to the 
enzyme, their hydrophobic tails may interact with the hy¬ 
drophobic amino acids and break the structure of the en¬ 
zyme. The iron-histidine bonds possibly become severely 
weak because of the change in protein structure in the vi¬ 
cinity of heme centres, leading to release of heme a out of 
the enzyme. The heme a released from CcO is structurally 
different from the heme in other hemeproteins. The present 
method may help in designing heme reconstitution proce¬ 
dures with heme a and other hemes in CcO as well as in 
other hemeproteins. 
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Evaluation of haemorheological, bio¬ 
chemical and microcirculatory parame¬ 
ters in young smokers 

Ranjeet S. Ajmani*^, R. R. Puniyani** and 
Varjeet S. Khanuja** 


^National Institute of Health, Gerontology Research Centre, NIA, LCMB, 
4-B-12, 4940 Eastern Avenue, Baltimore, MD 21224, USA 
**School of Biomedical Engineering, Indian Institute of Technology, 
Powai, Bombay 400 076, India 

We studied 44 young smokers and 40 controls, all 
male, for haemorheological, hiochemical, physiologi¬ 
cal and microcirculatory parameters. This study was 
conducted between January 1994 and December 
1994. All the smokers have been smoking 13-18 ciga¬ 
rettes per day for the last three years. None of them 
were taking any medicine nor did they have any ma¬ 
jor health problem which could affect the results of 
our study. The results of our study clearly indicate 
that smokers have disturbed haemodynamic profile 
as compared to normal controls. This could result in 
worsening of blood flow condition, leading to devel¬ 
opment of various disorders. 

The fact that cigarette smoking affects flow behaviour 
of blood has been well-documented^ The hazard of 
smoking greatly depends on the way of puffing and inha¬ 
lation, and also on the number of cigarettes smoked per 
day^. It is composed of more than 4000 substances 
which have diversified adverse effects on the body. It 
contains nicotine, tar, polynuclear aromatic hydrocar¬ 
bons, phenol, cresol and A^-nitrosonornide, benzol in 
particulate phase, while the gaseous phase contains car¬ 
bon monoxide, hydrocyanide, ammonia, acetaldehyde, 
various oxides of nitrogen and acrolein^. Out of these, 
nicotine is most characteristic of tobacco. It is an alka¬ 
loid whose inhalation is known to trigger the secretion 
of vasopressin, a potent vasoconstrictor hormone, with a 
possible action on coronary arteries. It also stimulates 
sympathoneurnal and sympathoadrenal activity and in¬ 
fluences systolic blood pressure, heart rate and platelet 
aggregation. A study conducted by Arnow et ai found 
that smoking high nicotine cigarettes causes rise in 
blood pressure, heart rate, left ventricular end diastolic 
pressure, coronary sinus, and in arterial and venous car¬ 
bon monoxide levels, simultaneously causing a decrease 
in coronary sinus and in arterial and venous oxygen 
partial pressure levels with a partial recovery within 
30 min. Another component is carbon monoxide, which 


^For correspondence 


has an affinity 245 times greater than oxygen and, there¬ 
fore, reduces oxygen supply to the heart and increases 
the chances of coronary heart disease. This risk is 20 
times if the carboxyhaemoglobin (COHb) level is 5% or 
more^. In patients with underlying coronary heart dis¬ 
ease, smoking enhances greatly the incidence of acute 
myocardial infarction and sudden death. Premature 
coronary artery disease and mortality arising from it 
increases progressively with the number of cigarettes 
smoked and the fatal and nonfatal coronary artery dis¬ 
ease (CAD) is 60-70% higher in smokers than in non- 
smokers. 

Due to the more viscous blood, there is a stage of 
stagnation and deficient oxygen supply to the tissues, 
leading to hypoxia^ This reduced oxygen supply leads 
to: 1. lowered redox state, 2. rapid glycogen utilization, 

3. increased osmolality and swelling of cells, and 4. 
metabolic acidosis. 

Metabolic acidosis has a very strong negative effect 
on the structure and functions of red blood cells. The 
slower the blood flow in the capillaries, greater is the 
internal viscosity of the red blood cells and greater the 
chances of breakdown of haemodynamic mechanisms at 
macro-and microcirculatory levels. This decreases fur¬ 
ther the oxygen supply to the tissues, leading to hypoxia 
and further decrease in pH. Hypoxia stimulates the pro¬ 
duction of red blood cells, i.e. increase in haematocrit. 
Haematocrit is one of the strong determinants of blood 
viscosity. Gagnon et cilJ found that increase in haema¬ 
tocrit .coupled with blood viscosity has serious effects or 
organ perfusion. Thus, a vicious circle sets in which 
leads to further deterioration of blood flow, making 
smokers more susceptible to development of vascular 
disorders. 

Indian Institute of Technology (IIT) Bombay is a res- 
dential campus where graduate and postgraduate stu¬ 
dents stay in different hostels. The total student popula¬ 
tion is about 2500. For conducting this study, students 
from different hostels weie contacted and briefed about 
the nature of the study. About 152 students expressed 
their willingness to participate in this study. Only 44 
smokers who did not have any major health problems 
and at the same time did not have any other addiction 
like alcohol/tobacco chewing, etc., were selected for this 
study. None of them were taking any treatment, particu¬ 
larly aspirin, at least two weeks before the laboratory 
tests were performed. All of them were smoking 13-18 
filtered cigarettes/day for a variable period of 2-3 years. 
Out of 152 students, 40 were selected as control group, 
as they had not smoked cigarettes so far and also were 
clinically normal subjects. For getting their details and 
thorough medical, family and personal histories, a ques¬ 
tionnaire was used. On the day of blood collection, their 
blood pressure, pulse rate and weight was taken. Arm 
blood pressure was taken under supine condition after 
10 min of rest, using sphygmomanometer and peripheral 
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Table 1. Details of the subjects 


Group 

Number 

Age 

Weight 

Pulse 

(SBP/DBP mm Hg) 

NC 

40 

23.06 ± 1.86 

65.23 + 8.22 

77.45 ± 9.01 

130.6 ±8.33 

84.7 ± 3.9 

SM 

44 

22.95 ±2.14 

67.93 ± 10.76 

88.56 ± 10.19 

145.2 ±5.19 

87.3 ± 5.83 


NC: Normal controls; 

SM: Smokers 

SBP/DBP: Systolic blood pressure/Diastolic blood pressure; 

Subjects from both categories were males. 

pulse was palpated. To minimize variability, one subject 
from each group was examined each morning. Details of 
these subjects are given in Table 1. 

Blood collection: About 10 ml of venous blood was 
drawn from antecubital vein using a plastic syringe with 
21-gauge stainless steel needle with minimal suction. 
Out of 10 ml, about 6 ml was anticoagulated with dipo¬ 
tassium salt of ethylene diamine tetraacetic acid (EDTA) 
1.8 mg/ml and about 4 ml with citrate (3.8%). Citrated 
blood was used for platelet aggregation study. The 
blood sample of the subjects was collected in the morn¬ 
ing between 9.30 and 10 a.m. (to avoid any diurnal 
variations), after 8 h of fasting, in the Laboratory of 
Haemorheology and Microcirculatory Sciences, School 
of Biomedical Engineering, IIT, Bombay. 

The sample was analysed within 2 h of collection as 
per recommendation of International Committee for 
Standardization in Haematology^"^^. The following pa¬ 
rameters were investigated: 

Hemorheological parameters: Whole-blood viscosity, 
plasma viscosity, red-cell rigidity, red-cell aggregation 
and platelet aggregation. 

Biochemical parameters: Haematocrit, erythrocyte 
sedimentation rate, total proteins, fibrinogen, albumin, 
cholesterol and triglycerides. 

Physiological parameters: Blood pressure, pulse and 
weight. 

Microcirculatory parameters: Transcutaneous oxygen 
tension and skin blood perfusion. 

Whole-blood viscosity, plasma viscosity and red cell 
rigidity were measured by using Contraves LS-30, as 
performed by Ajmani et al}\ For the measurement of 
red cell aggregation, haematocrit, platelet aggregation, 
erythrocyte sedimentation rate, cholesterol triglycerides 
and plasma protein the method of Puniyani et al}^ was 
used. Biochemical parameters like plasma albumin, total 
proteins, cholesterol and triglycerides were estimated by 
using M-10 autoanalyser. Fibrinogen estimation was 
done using the method of Ratnoff and Manzie^^, where 
the fibrinogen present in the plasma is converted to fi¬ 
brin by the action of thrombin and subsequently boiled 
with sodium hydroxide. Its tyrosine content is estimated 
using the Foil-Ciocalteu reagent. 

For simultaneous flow dynamics and oxygenation 
studies, the subjects were called in the evening as they 


had to attend the regular course classes in the morning. 
Moreover, since the study of these parameters takes at 
least 2 h for each subject, evening was the most conven¬ 
ient time to carry out this study. These studies were car¬ 
ried out in nonfasting state. 

The Periflus PF 3 laser Doppler perfusion monitor 
(LDPM) was used for continuous monitoring of local 
microvascular blood flow as per Schubert et al}^. 

The transparent transcutaneous triple sensor/monitor 
was used for measurement of oxygen tension (TcPOi) 
and, simultaneously, flux pattern (flow/velocity) by laser 
Doppler , equipment. The TTC-45 triple sensor is com¬ 
patible with Periflux PF-3. Oxygen tension was meas¬ 
ured by AVL triple sensor/monitor TTC-45 at 44°C on 
three anatomical sites (right ankle, right wrist and right 
elbow). AVL triple sensor TTC-45 takes 10-15 min to 
stabilize at each site and hence the readings are taken 
exactly after 15 min, when the slope of the curve be¬ 
comes constant. 

The TCPO 2 measurement is basically a polarographic 
determination, by means of a modified Clark-type elec¬ 
trode, of molecular oxygen diffusing into the skin sur¬ 
face. Local hyperaemia is necessary to measure PO 2 on 
the skin surface, which has a close relationship with 
change in arterial PO 2 . The hyperaemic condition is 
achieved by heating the silver/silver chloride anode to 
45°C. The PO 2 signal results from the reduction current 
of the platinum cathode, which is proportional to the 
amount of oxygen diffusing into the skin surface. 

The results for smokers were compared with normal 
controls as nearly as possible for age and sex. Student’s 
t test was used for the analysis of the data. Multivariate 
correlation analysis was carried out by standard statisti¬ 
cal techniques. 

The results of this study are presented in Table 2 and 3. 

1. There was an increase in the whole-blood viscosity 
at both high and low shear rates. But changes Were 
more significant at high shear rates {p < 0.001 to 
0.004). 

2. Increase in plasma' viscosity was very significant 

(p< 0.001). 

3. Red cell rigidity parameter was most significantly 
ip < 0.0001) affected as compared to other parameters. 

4. Fibrinogen had the highest statistical significance 
among the biochemical parameters ip < 0.001). 
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Table 2. Means and standard error of haemorheological and biochemical 

parameters 


Parameters 

A-group (40) 

B-group (44) 

Whole blood viscosity 
(cP)at shear rate (s‘b 

94.5 

4.32 ± 0.79 

5.63 ± 1.03* 

51.2 

4.62 ± 1.03 

6.44 ±1.52* 

20.4 

5.44 ± 1.76 

7.93 ±2.01* 

8.11 

7.05 ± 1.23 

10.53 ± 1.93** 

4.39 

8.76 ± 2.32 

13.37 ± 3.56** 

3.32 

10.11 ± 2.15 

14.94 ± 3.42** 

1.28 

15.74 ± 3.45 

23.36 ± 4.36** 

0.51 

28.05 ± 4.34 

37.52 ± 5.76** 

Plasma viscosity (cP) 
at 51.2/s 

1.29 ± 0.04 

1.59 ±0.19** 

Red cell rigidity (cP) 
at 94.5/s 

3.53 + 0.61 

4.76 ± 0.63*** 

Red cell aggregation 

12.34 ± 3.76 

, 17.22 ± 3.21** 

Haematocrit (%) 

43.29+ 3.14 

55.11 ±5.48*** 

Fibrinogen (mg%) 

311.33+20.87 

387.6 ± 21.74** 

Erythocyte sedimentation 

40.55 ± 8.22 

90.34 ± 15.43*** 

rate (mm/h) 

Triglycerides (mg%) 

88.43 + 11.13 

125.65 ± 10.78* 

Cholesterol (mg%) 

159.33 ± 15.21 

190.28 ± 17.90* 

Albumin (g%) 

3.66 ± 0.11 

4.22 ± 0.47 

Total proteins (g%)) 

7.94 ± 0.78 

8.36 ± 0.61 


<0.0001, 0.001, *p< 

*^*p < 0.005, V < 0*05. 

A-group: Normal controls. 

B-group: Smokers. 


Table 3. Microcirculatory parameters 


Parameters 

Non-smokers 

Smokers 

P 

TcP02(1) 

75.65 ±11.01 

62.90 ±9.01 

<0.05 

TcP02(2) 

84.57 ± 15.20 

68.75 ± 11.28 

<0.05 

TcP02(3) 

76.36 ±7.98 

''^6± 11.44 

<0.05 

BL.PR. (1) 

163.07 ± 38.77 

124.79 + 54.78 

n.s. 

BL. PR. (2) 

257.26 ± 77.38 

201.04 ±73.32 

n.s. 

BL. PR. (3) 

203.09 ± 62.02 

191.67 ±62.72 

n.s. 


TcPOa: Transcutaneous oxygen tension; 

BL.PR.: Blood perfusion; 

n.s.: non-significant. 

(1) At ankle; (2) At wrist; (3) At elbow. 

5. Red cell aggregation had a significance of p < 0.001. 

6. Erythrocyte sedimentation rate and platelet aggrega¬ 
tion were also elevated ip < 0.005). 

7. Haematocrit, triglycerides and cholesterol levels 
were also raised, with significance values of 
p < 0.005 and p < 0.05, respectively. 

8. Total proteins and albumin fraction were unaltered. 

9. Pulse rate was higher than normal controls. In a few 
cases the pulse was irregular and blood pressure 
readings, particularly diastolic, were on the higher 
side of the normal. 

10. Skin blood perfusion and transcutaneous oxygen ten¬ 
sion at all the three anatomical sites were found to be 

CURRENT SCIENCE, VOL. 69, NO. 10,25 NOVEMBER 1995 


0.01, ##p < 0.004. #p < 0.003, 


low. Although skin perfusion was reduced, it was not 
statistically significant. 

Belch et al}^ have shown that smokers have elevated 
levels of fibrinogen (p < 0.04), lower plasminogen 
ip < 0.02) and higher plasma viscosity ip < 0.003). Just 
after smoking three cigarettes there was a substantial in¬ 
crease in platelet aggregation ip < 0.02), alpha2 M 
ip < 0.02) and factor VIII RAG ip < 0.05). A prospective 
study conducted by Galea and Davidson^^ and Rampling 
et al}^ on smokers reported significant improvement in 
overall haemorheological and haematological variables 
after 2 weeks of discontinuation of smoking. Billimoria et 
al}^ divided smokers into two subgroups based on the 
number of cigarettes being smoked per day (> 20 ciga- 
rettes/day: heavy smokers, and 5-15 cigarettes/day: light 
smokers). Heavy male smokers showed higher fasting se¬ 
rum turbidity, cholesterol, phospholipid, triglycerides, es- 
terified fatty acid index of beta and pre-beta lipoprotein and 
reduction in clotting time compared to normal controls. In 
the case of the women’s group, though there was increase in 
triglycerides, pre-beta esterified fatty acid index, longer 
fibrinolysis time and reduction in clotting time, no change 
was observed in cholesterol, beta esterified fatty acid index 
and fasting serum turbidity. In the case of male heavy 
smokers, haematocrit, haemoglobin and mean corpuscular 
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volume were elevated. The white cell count was very sig¬ 
nificantly raised; in particular, there was a rise in neutro¬ 
phils and lymphocytes. But these changes were not ob¬ 
served in the women’s group. In the case of light smokers, 
changes did not achieve statistical significance but the trend 
was similar. We found increase in the blood viscosity at all 
the shear rates considered, although changes were more 
significant at high shear rates than at low shear rates. This 
indicates prime importance of red cell rigidity among 
smokers. Parallel to this, rise is haematocrit also contributes 
to rise in blood viscosity. There was significant positive 
correlation (0.846) between blood viscosity and haema¬ 
tocrit, indicating its role in haemoconcentration. Rise in 
haematocrit could be a response to consistent hypoxic state 
among smokers. Changes at low shear rates were mainly 
due to increase in red cell aggregation. Increase in the red 
cell aggregation was mainly due to rise in fibrinogen level 
and plasma viscosity. Increase in plasma viscosity is attrib¬ 
uted to rise in whole-blood viscosity as there was positive 
correlation between them at all the shear rates. In our study 
we found rise in platelet aggregation over the range 48- 
76%. The rise in erythrocyte sedimentation rate among 
smokers could be due to the presence of many charged par¬ 
ticles released in the blood while one is smoking^^. 

Among the biochemical parameters, change in triglyc¬ 
erides and cholesterol was significant. The increase in cho¬ 
lesterol has an adverse effect on red cell rheology as well as 
plasma viscosity. These changes were coupled with changes 
in microcirculatory parameters, reduction in peripheral skin 
blood perfusion and transcutaneous oxygen tension. Al¬ 
though it is premature to comment on whether these micro- 
circulatory changes precede or follow the haemorheological 
changes, if we consider this in totality, it is apparent that 
smokers have disturbed microcirculatory flow. Reduced 
skin blood supply along with low oxygen partial pressure 
will hamper perfusion processes, resulting in accumulation 
of metabolites, leading to haemorheological changes. Nor¬ 
ton and Rand^® have reported a reduction in the surface to 
volume ratio in red blood cells among smokers. It is indica¬ 
tive of increased red cell rigidity. However, Baker et al?^ 
found no change in the red cell deformability among smok¬ 
ers. Hawkins^^ in his study found that platelet aggregation 
can be induced at lower concentrations in smokers than in 
nonsmokers. The coagulation time of whole blood in smok¬ 
ers were significantly shorter at 0.001% level. The throm- 
boelastograph al&o reflects similar results. No difference in 
platelet counts is indicative of qualitative changes in the 
functioning of platelet cells in this context. In smokers the 
increase in maximum tensile strength of a clot was observed 
by 5% compared to nonsmokers. This indicates that there is 
a greater risk of formation of haemostatic plugs. This could 
offer a probable explanation of why smokers have higher 
rate of cardiovascular morbidity and mortality. 

The microcirculatory changes mediated through vaso¬ 
pressin were studied by Waeber et al?^. In their study 


on 20 male volunteers using laser Doppler flowmetry, 
reduction in blood flow was observed by induction of 
concomitant stimulation of vasopressin secretion. 

In conclusion, blood viscosity and microcirculatory 
parameters should be included in routine medical check¬ 
up for early detection of silent clinical conditions asso¬ 
ciated with smoking. 
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Law, Ethics and HIV, Proceedings 
of the UNDP Intercountry Consul¬ 
tation. Robert A. Glick, ed. UNDP, 
New Delhi. 246, pp., 1993. 


AIDS is big news today, disturbing and 
fearsome to people everywhere. The fact 
that most people are unaware of the 
potential threat for which there is no 
vaccine nor cure makes the problem 
challenging to policy planners and de¬ 
cision makers in the areas of health, 
human rights and social security. Be¬ 
cause of the prospect of undermining 
social and economic development, 
HIV/AIDS epidemic is perceived as a 
development problem to be attached 
through available strategies of preven¬ 
tion and containment. Little is achieved 
by generating a scare in society, though 
the problem warrants nothing less from 
all concerned. Still less is accomplished 
by sitting back and lamenting on the 
catastrophe about to befall humanity, 
particularly in those parts of the world 
where poverty and backwardness have 
already put life in jeopardy for many 
people. Statesmen are worried about 
nuclear weapons, and their proliferation 
in the world. They, therefore, put nu¬ 
clear non-proliferation issue as the 
number one item in the international 
agenda. They are probably unaware of 
the silent but sure killer developing in 
their backyard for which no treaty nor 
declaration can be an adequate response. 
The HIV/AIDS issue is at once a chal¬ 
lenge and an opportunity for united ac¬ 
tion for the entire world to prevent hu¬ 
man suffering and promote the ultimate 
human right to life and happiness. 

If the problem is overstated, it is de¬ 
liberately so done. Even educated peo¬ 
ple refuse to believe the terrible conse¬ 
quences of this dreaded disease. When 
the potential threat to human survival 
from the HIV/AIDS was narrated in a 
social gathering recently, an old lady in 
the neighbourhood paused and added 
that it might well be so because such a 
calamity is predicted in the scriptures 
several centuries ago. A feeling of 
helplessness and a sense of inevitability 
seem to be the reaction of the old and 
elderly. On the other hand, the younger 
generation refuse to believe it to be so 
serious and think that modem medicine 
does have a cure for every illness, in¬ 
cluding AIDS. The medical profession. 


at least in India, seems to have not taken 
up the issue with the attention it deserves 
and the media is indifferent excepting on 
occasions when a sensational story makes 
news. In this context, the initiative of the 
Regional Bureau for Asia and the Pacific 
of the United Nations Development Pro¬ 
gramme to study the legal, ethical and 
policy framework in different societies in 
the region is to be welcomed. Information 
is the key for intelligent policy-making. 
Law can succeed only when it is based on 
correct information as to the behavioural 
patterns, motivations and beliefs of peo¬ 
ple whose conduct it is supposed to in¬ 
fluence. It is, therefore, of great advan¬ 
tage to the countries in the region that the 
volume under review has brought to¬ 
gether a wealth of information which 
provides at least a base for further inquiry 
and research to guide policy on this vital 
area of public health and human rights. 

The volume essentially is a collection 
of papers written by experts organized 
around issues and countries in the Asia- 
Pacific region. A third section addresses 
questions on strategies and priorities, 
giving policy choices in the available 
legal framework. The foreword by Justice 
Michael Kirby comprehends the objective 
and thrust of the whole exercise. A col¬ 
lective appreciation of the strengths and 
weaknesses of the myriad legal regimes 
of the region in responding to the unlim¬ 
ited peril of HIV/AIDS resulted in the 
identification of a variety of strategies 
varying from increased availability of 
condoms, safe sexual practices through 
family education and equal states of 
women in decision-making processes. 
More popular education and better poli¬ 
cies on drug use, public health and prosti¬ 
tution are recommended by the paper 
writers as possible initiatives in preven¬ 
tive action. The object of networking in 
the region for dissemination of informa¬ 
tion on policies and programmes directed 
towards HIV/AIDS is indeed a com¬ 
mendable outcome insofar as not much is 
known about the disease and about how 
to counteract its spread, given the atti¬ 
tudes and behaviour towards sex of the 
people. As the editor of the volume ex¬ 
pects, the papers should assist in defining 
a research agenda for the future and in 
assembling a practical action programme. 

For a student of law, the HIV/AIDS 
debate raises a number of issues for 
interrogation. It is accepted that, in the 
interest of public health, individual 


rights can be restricted. In the present 
context, can we articulate the limits and 
limitations which can possibly be im¬ 
posed on freedom and liberty? How do 
religious freedom and minority rights in 
a democratic, pluralist society get af¬ 
fected by public health considerations 
and to what extent are they constitu¬ 
tionally justified? 

Regulating sex behaviour has been a 
most difficult and controversial area of 
law. It is common knowledge that ob¬ 
servance of safe sexual practice is the 
best strategy for prevention of 
HIV/AIDS. To what extent can law fa¬ 
cilitate such practices? Under what cir¬ 
cumstances can law punish unsafe sex¬ 
ual behaviour? Should prostitution be 
prohibited, regulated or legitimized in 
the interest of safe sex? Can Hiy- 
infected persons be isolated and th^ir 
sexual activity controlled? 

Issues are complicated in several ju¬ 
risdictions in the region because of the 
prevalence of customary, cultural and 
religious practices not always conducive 
to safe sex approaches. Ethical and moral 
standards of communities are developed 
not necessarily on rational and scientific 
arguments. They are of mixed origin and 
followed by habit without challenge. 
Obsensantism, superstition and exploita¬ 
tive customs complicate the situation, 
posing serious challenges to social engi¬ 
neering through law. 

In an incisive essay contributed by 
Julie Hamblin on the role of law in de¬ 
veloping HIV/AIDS policy, three mod¬ 
els are suggested, namely, the proscrip¬ 
tive model, where conduct is influenced 
by penal sanctions, the protective 
model, wherein the law tries to uphold 
the rights and interests of those affected 
or likely to be affected by HIV/AIDS 
through rights-sensitive legal responses; 
and the instrumental model, where law 
is a proactive instrument to advance 
social policies through value changes. 
Keeping in mind the record of criminal 
law, it is argued that the proscriptive 
model could become counterproductive. 
Compulsory testing and reporting with 
concomitant sanctions for noncompliance 
may impede preventive efforts. Nonethe¬ 
less, the temptation for policy makers is 
to go for the quick and easy response of 
prohibition and penalization. Today, 
when decriminalization in drug use and 
in prostitution is widely canvassed, the 
proscriptive role of law has to be invoked 
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for negative prohibition rather than for 
positive criminalization. 

Imaginatively used, law has a signifi¬ 
cant role in promoting the desirable con¬ 
duct by intelligent arrangements of in¬ 
centives and disincentives in a broad 
spectrum of activities. There are many 
examples of such use of law in society 
and the scope of similar use in the control 
of HIV/AIDS needs to be examined. The 
proactive role of law is one which re¬ 
quires a variety of informational input, 
policy coordination, monitoring, research 
and development. It envisages a sophisti¬ 
cated legal system with established insti¬ 
tutions and standards. A law reform proc¬ 
ess should be built into the system. Inter¬ 
action among different professionals, 
continuing education for actors in the 
system and adequate research and media 
support are necessary for law to influence 
social change in complex issues of human 
behaviour. Every society does use law in 
this role with varying degrees of success. 
Here law can well reinforce other forces 
of change in society. According to Julie 
Hamblin, the instrumental role of law to 
buttress other HIV/AIDS strategies is 
critical in the 1990s. 

The papers raising these issues make 
interesting reading, particularly for 
those from outside the countries of their 
reference. A case study on labour legis¬ 
lations and labour relations from the 
Phillippines seeks more specific stan¬ 
dards and guidelines from the law to 
compel employers to adopt more en¬ 
lightened and human-rights-friendly 
approaches. Another case study from the 
same country examines the law on pri¬ 
vacy and information in the context in 
HIV/AIDS and projects its potential for 
influencing positive behavioural change. 

Family law buttressed by religious be¬ 
liefs and the unequal and discriminatory 
status of women, particularly in family 
relationships, are the issues examined by 
participants from Malaysia and India, 
respectively. They bring out a variety of 
inadequacies in the existing law which 
inhibit proper awareness and positive 
responses to the AIDS syndrome. 

The section on country papers in¬ 
cludes ten contributions from as many 
countries in the region. They are a valu¬ 
able source of information on the exist¬ 
ing legal framework and to plan further 
action in the legal and ethical fronts. 
Comparative experiences from different 
countries are of great value to research¬ 


ers and policy planners, particularly 
when the problem affects the entire hu¬ 
manity across political boundaries. 

The third section, which claims to 
contain policy/strategy papers, is per¬ 
haps the weakest segment of the publi¬ 
cation. Much of the ideas contained are 
repetitive and placement-rhetorical. The 
presentation of HIV epidemic as a de¬ 
velopment issue is not convincing 
enough. Critiquing the health care sys¬ 
tems in the context of the demands of 
individual rights does not make much 
sense in the framework of a market- 
driven economy. However, a beginning 
is made by articulating the problem and 
questioning some of the established 
public health policies. Law has to be 
used, but with caution and restraint. 

On the whole, UNDP Regional Proj¬ 
ect has done a great service in bringing 
the issues together and inviting the at¬ 
tention of researchers and policy mak¬ 
ers, health administrators and human 
rights activists to the implications of an 
epidemic which may be the worst hu¬ 
man disaster unless preventive strategies 
are adopted well in time. This is an is¬ 
sue as important as nuclear disarmament 
or environment protection. It deserves 
as much attention to world leaders and 
scientists as is being given to environ¬ 
ment and nuclear arms. Perhaps the 
Secretary General may consider declar¬ 
ing the UN year for AIDS Awareness 
and Prevention and may take steps to 
convene a World Summit before the 
turn of the century to evolve concerted 
action to face the challenge. 


N. R. Madhava Menon 

National Law School of Indiu 
University, Nagarbhavi, 

Post Bag No, 7201, 

Bangalore 560 072, India 


The Collected Papers of Albert 
Einstein - Volume 5 - The Swiss 
Years: Correspondence, .1902- 
1914. English Translation, Princeton 
University Press, Princeton, New 
Jersey. 1995. 


Well before his passing away in 1955 at 
the age of seventy-six, Albert Einstein’s 
name had become a household word 


throughout the world. Aptly character¬ 
ized as ‘creator and rebel’, through his 
work he profoundly altered forever our 
understanding of the natures of space 
and time; created a new theory of 
gravitation unparalleled for its beauty 
and significant for bringing geometry 
once more into the domain of science; 
and with Planck before him and Bohr 
after, opened the doors to the stunningly 
unfamiliar and rich quantum view of 
nature. 

Already in 1950 Einstein had signed 
and sealed his last will and testament. 
His secretary since 1928, Helen Dukas, 
and his friend Otto Nathan were named 
joint trustees of his estate, with the lat¬ 
ter being sole executor. Possibly due to 
their attitudes and perceptions of their 
responsibilities, the world has had to 
wait for almost four decades before 
Einstein’s papers became available for 
open study and publication. Predictably, 
in the last couple of years and in tune 
with today’s ‘bare all’ journalistic ten¬ 
dencies, there has appeared a rash of 
accounts ‘exposing’ Einstein’s affairs, 
especially his relation to his first wife 
Mileva. On the scientific side, his col¬ 
lected works are yet to appear in final 
and definitive form; in contrast, those of 
Neils Bohr have been available now for 
a quarter century or so. 

The book under review is the fifth 
volume of Einstein’s collected papers, 
being published in English translation 
by Princeton University Press. It covers 
the Swiss years, 1902 to 1914, and is a 
collection of over five hundred letters 
written to or by Einstein. At about the 
beginning of this period, in early 1901, 
he had become a Swiss citizen. He came 
to Bern in February 1902 and a few 
months later, as all the world knows, he 
obtained employment in the Patent Office 
as ‘Technical Expert, Third Class’. His 
father died later that year, and he married 
Mileva in January 1903. His sons Hans 
Albert and Eduard were bom in 1904 and 
1910 respectively. After seven years at 
the Patent Office, in 1909 he resigned to 
become Associate Professor at the Uni¬ 
versity of Zurich. Soon there was a brief 
move to Prague, then a return to Zurich 
but this time as Professor at the ETH. 
This too was not to last very long, as an 
irresistible offer took him away to Berlin 
in early 1914. Also, towards the end of 
this period, the relationship with Mileva 
was breaking up, and he was getting very 
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close to his cousin Elsa Lowenthal, 
whom he was to marry in 1919* 

In his physics, we see Einstein at the 
start of his career, with rare independence 
and boldness in his conceptions, slowly 
gaining recognition from his peers, until 
he matured into the acknowledged and 
unrivalled master. The period of this vol¬ 
ume covers 1905—the ‘annus mirabilis’ 
when he sent his three epoch-making 
papers on Brownian motion, special rela¬ 
tivity and the photon concept to the An- 
nalen der Physik; the holding in 1911 of 
the first of many memorable Solvay Con¬ 
gresses in Brussels; and the initial in¬ 
sights and understanding of relativistic 
gravitation which culminated in 1916 in 
his general relativity theory. 

Einstein’s major correspondents in 
these five hundred and odd letters were 
his friends from youth, a few members 
of the family and some of the leading 
physicists of those times including his 
seniors. Such a volume has certain in¬ 
evitable drawbacks as one cannot read 
the contents as one might read a novel 
or biography or a properly written ac¬ 
count of some scientific topic. There are 
gaps, often an answer to a letter no 
longer available, so one is left guessing. 
Nonetheless one gains a general im¬ 
pression of the growth of Einstein’s 
scientific ideas, the development of 
personal relationships, the steady in¬ 
crease in his confidence and depth of 
understanding and independence and 
strength. We also see how scientists 
interacted with each other in those 
times. We are reminded too that Ein¬ 
stein was not always a grey eminence 
with a saintly halo, but was once a 
young man on the threshold of life, with 
all the feelings natural to such an age. 

Given the scale of his accomplish¬ 
ments, Einstein is often compared to 
Isaac Newton. What emerges from these 
letters is that Einstein had really a very 
easy-going nature, willing to joke with 
others in a light-hearted and playful man¬ 
ner, and no signs of malice towards any¬ 
one—all in all, a contrast to the some¬ 
what dark, secretive and vindictive 
Newton. He seems to have had a balanced 
view of people and circumstances, and an 
ability in many ways to distance himself 
and stand apart in judging any situation. 
Also of course the strength to get to the 
heart of any scientific matter and to be 
concerned with the fundamentals. 


On the family side, one is surprised to 
see not a single reference in any letter to 
the death of Einstein’s father in October 
1902. Indeed, even letters between Al¬ 
bert and his mother Pauline are quite 
rare, and he was very much aware of the 
strains between her and his wife Mileva. 
There is a 1903 letter of Einstein to 
Mileva, which refers to a daughter Lie- 
serl born to them before marriage. In the 
early exchanges between them, one sees 
much affection and use of pet names, 
much warmth. But as the years go by, 
these wane. Towards the end of this vol¬ 
ume there are many letters from Einstein 
to Elsa, though few replies, bringing out 
his dependence on and need for her com¬ 
pany. A quite amusing letter to one Georg 
Meyer asks the latter to ‘bear no grudge 
against your good wife, who did nothing 
wrong—a reference to an early attach¬ 
ment of Einstein’s? All this goes to rein¬ 
force the contrast with Neils Bohr’s fam¬ 
ily background—^a stable and caring aca¬ 
demic atmosphere, and a deep and cordial 
marriage that lasted many decades. 

On the scientific side, we see Ein¬ 
stein’s early concerns with the founda¬ 
tions of thermodynamics, attempting to 
develop them from the atomic-molecular 
point of view. These are generally not as 
well known as Boltzmann’s and Gibbs’ 
endeavours; they remind us sharply that 
there was a time when the reality of 
atoms was suspect, and that too not so 
long ago. We also see how he was si¬ 
multaneously grappling with diverse 
foundational problems—^thermodyna¬ 
mics, electrodynamics, nature of space- 
time, nature of radiation, the quantum 
puzzle—^none of which would ‘leave 
him alone’. It was a ceaseless struggle 
to penetrate the secrets of nature, on 
many fronts, not always only the deep 
and beautiful but also often the most 
practical. His interests in problems of 
chemistry, bringing out again the mo¬ 
lecular basis of matter, were recurring. 
As a young man, his letters to both 
Lorentz and Sommerfeld show the 
greatest of respect. Indeed we can say 
he regarded the former as a kind of fa¬ 
ther-figure. Describing Lorentz’s han¬ 
dling of the sessions at the first Solvay 
Congress, Einstein says ‘Lorentz 
chaired the conference with incompara¬ 
ble tact and unbelievable virtuosity’; 
and elsewhere calls him ‘a work of art’. 
In an early letter to Sommerfeld, in 


1908, Einstein expresses the wish that 
he would like to ‘perfect my knowledge 
of mathematical physics’ by sitting in 
on Sommerfeld’s lectures. The early 
letters to Stark and Lenard are also very 
respectful; but thereafter references to 
the latter are quite disparaging. These 
two were later to be in the forefront of 
the antisemitic attacks on Einstein. 

Many of the letters are detailed ex¬ 
changes of views on scientific problems 
in a leisurely and open manner that in 
today’s competitive atmosphere are 
practically unthinkable. The struggle 
with the photon idea, and Lorentz’s 
detailed analysis and criticism of Ein¬ 
stein’s conceptions, are most revealing, 
though with today’s understanding they 
may seem not very relevant. One misses 
however, and sadly, the three 1905 let¬ 
ters of submission to the Annalen der 
Physik. On the professional side, one is 
treated to the hilarious game of musical 
chairs among the German-speaking uni¬ 
versities of the day—a new occupant of 
a chair at one place immediately waiting 
to ‘receive a call’ to move to a better 
place. During Einstein’s brief tenure at 
Prague, he expressed himself quite 
frankly against the bureaucracy, stifling 
traditions and poor quality of students 
of the place. The several efforts to lure 
Einstein to Holland, at times involving 
Lorentz, are part of this drama of con¬ 
stant movement. 

Towards the end of this volume 
comes the phase when Einstein was 
working feverishly, sided by Marcel 
Grossmann, to create his new theory of 
gravitation—the many insights, false 
leads, the realization that mathematical 
structure has a great role to play along¬ 
side physical reasoning. And on the 
personal side, the growing relationship 
with Elsa. To the reader too, hopefully, 
should come the realization that these 
letters, and especially the earlier ones 
which were presumably written with no 
inkling that they would one day achieve 
archival value, ought to be read with 
consideration and a sense of humility. 


N. Mukunda 

Centre for Theoretical Studies and 
Department of Physics, 

Indian Institute of Science, 

Bangalore 560 012, India 
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INDtAN INSTITUTE OF TROPICAL METEOROLOGY 

DR. HOMI BHABHA ROAD, PASHAN, PUNE 411 008 

(An Autonomous Research Organization under the Department of 
Science and Technology, New Delhi) 

SPECIAL DRIVE FOR RECRUITMENT OF SC/ST CANDIDATES 

Applications in the following format are invited from SC/ST candidates only for recruit¬ 
ment to the following reserved posts: 

I. Name in full (in block letters); 2. Mailing address; 3. Sex; 4. Date of birth and age 
as on I. 1. 1995 (documentary evidence to be enclosed); 5. Father’s name; 6. Whether 
belongs to SC/ST (documentary evidence to be enclosed); 7. Nationality; 
8. Educational qualifications (in chronological order from matriculation onwards) 
(enclose a separate sheet, duly authenticated by your signatures) documentary evidence 
is to be enclosed; 9. Experience (if any) with field of specialization 10. Employment re¬ 
cord (separate sheet to be enclosed); I I. Whether a Govt, servant?; 12. Give names 
and addresses of two referees not related to you; I 3. List of enclosures. 

1. SENIOR SCIENTIFIC OFFICER GRADE-II : 

Three posts (one post reserved for SC and two posts reserved for ST candidates) 

Scale of pay : Rs. 2200-75-2800-EB-100-4000. 

Age limit : 35 years or below as on 1. 1. 1995 

Qualifications : Essential: (i) A good Master’s degree or equiva¬ 

lent in Meteorology, Physics, Mathematics, Applied 
Mathematics, Statistics, Applied Physics, Geophysics 
or Electronics or BE/B Tech/M Tech (Electronics/ 
Electrical Engineering) degree. 

(ii) About 3 years research experience (as evi¬ 
denced by published papers). 

Desirable: Knowledge of numerical techniques as 
applied to atmospheric numerical models/statistical 
methods and computer programming/data base 
management/systems programming. 

2. JUNIOR SCIENTIFIC OFFICER: 

One post (Reserved for ST candidate) 

Scale of pay : Rs 2000-60-2300-EB-75-3200-100-3500 

Age limit : 30 years or below as on 1. 1. 1995 

Qualifications : Essential: A good master’s degree or equivalent in 

Meteorology, Physics, Mathematics, Applied mathe¬ 
matics, Statistics, Applied physics. Geophysics or 
Electronics or BE/ BTech./ MTech. (Electronics/ 
Electrical Engineering) degree. 

Desirable: Knowledge of numerical techniques 
applied to atmospheric numerical models/Statistical 
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methods and computer programming/data base 
management/systems programming. 

3. SECTION OFFICER : 

One post (Reserved for ST candidate) 

Scale of pay : Rs 2000-60-2300-EB-75-3200-100-3500 

Age limit : 35 years or below as on 1. 1. 1995 

Qualifications : Essential: (i) Bachelor’s degree, (ii) About 5 years 

experience in Accounts/Administration/Purchase 
and Stores work in a Scientific/Technical/Govt./ 
Semi-Govt, organization of which at least 3 years 
should be in a supervisory grade. 

4. JUNIOR TECHNICAL ASSISTANT (Computer) 

One post (Reserved for ST candidate) 

Scale of pay : Rs 1320-30-1560-EB-40-2040 

Age limit : Minimum 20 years and maximum 25 years as on 

I. I. 1995 

Qualifications : Essential: A degree in Science or a diploma in Engi¬ 

neering or a National Apprenticeship certificate or 
an ITl Certificate (after matriculation) or a matricu¬ 
lation with minimum 3 years experience in Com¬ 
puter Programming. 

Desirable: Knowledge of PC, software packages like 
DBASE, WORDSTAR and FORTRAN Computer 
programming. 

5. STENOGRAPHER GRADE-III : 

One post (Reserved for ST candidate) 


Scale of pay : Rs 1200-30-1560-EB-40-2040 

Age limit : 18-25 years as on I. I. 1995 

Qualifications : Essential: SSC or equivalent with minimum speed 

of 40 wpm in English typing and 100 wpm in Eng¬ 
lish shorthand 

Desirable: Good cornmand over English and 
knowledge of typing on Wordstar. 

The posts carry other allowances admissible to Central Govt employees stationed at Pune. 

Upper age limit is relaxable by 5 years for candidates as per rules for ex-servicemen 
and physically handicapped persons. No age limit for the employees of IITM and Govt 
servants. 

Last date for receipt of application is 29 December 1995. 

Candidates already employed in Government/Semi-Government organizations/Public 
Sector Undertakings should apply through proper channel. 

Special Drive Advt. No. Est. 4/95. 
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INDIAN COUNCIL OF AGRICULTURAL RESEARCH 

The Indian Covincil of Agricultural Research, New Delhi announces the 
following existing and new Awards. 

Rafi Ahmed Kidwai Awards, 1993-95 

All research workers above 35 years of age engaged in the research 
in the field of agriculture, animal husbandry and allied sciences in 
India shall be eligible for the Award. Nine awards of Rs 100,000 each 
are to be given once in three years for the work done during the pre¬ 
ceding three years of the period of the award. 

Fakhruddin Ali Ahmed Awards, 1994-95 

All research workers engaged in research in agriculture, animal hus¬ 
bandry, fisheries and allied sciences in tribal areas (tribal areas for this 
purpose are those notified by the Ministry of Home Affairs, Govt of 
India) will be eligible for applying for the Award. Two prizes of Rs 
50,000 each are to be given once in two years for the work done dur¬ 
ing the precedmg two years of the period of the award. 

Vasant Rao Naik Award, 1995 

All scientists or extension workers who have made outstanding con¬ 
tribution in the areas of water conservation and dryland farming in 
India shall be eligible for the award. One Award of Rs 100,000 is to be 
given annually, for the work done during the preceding five years. 

Outstanding Teachers Awards, 1994-95 

All staff members engaged in undergraduate or postgraduate 
teaching for at least 10 years in deemed universities, ICAR Institutes 
and State Agricultural Universities shall be eligible for the award. 
Eight awards of Rs 20,000 are to be given once in two years. 

Outstanding Women Agricultural Scientist Award, 1995 

All women scientists working at the Institutions xinder the ICAR sys¬ 
tem including- State Agricultural Universities are eligible for the 
award. One award of Rs 25,000 to be given aimually for the significant 
contributions made during her career as an agricultural scientist. 
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The application form for the above awards may be obtained from 
Dr R. C. Maheshwari, Asst Director General (GSC), ICAR, Krishi 
Bhawan, Dr Rajendra Prasad Road, New Delhi 110 001, on or before 
15.2.1996 by sending a self-addressed one rupee stamped envelope. 
Six copies of the application may be forwarded by the Head of the 
Institution/Directors of Institutes/State Dept of Agricul¬ 
ture/Horticulture/Animal Science/Fisheries and Vice-Chancellors 
of State Agricultural Universities. The last date of submission of 
applications for these awards is 15 March 1996. The last date for 
candidates in the Andaman and Nicobar Islands, Lakshadweep 
States, Union Territory in the North Eastern Region, Ladakh Divi¬ 
sion of J&K State and Sikkim is 31 March 1996. 
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Special Publications 


Title Guest Editor 

India 

(Rs) 

Price 

Abroad 

(US$) 

S. N. De and Cholera Enterotoxin 

P. Balaram 

50 

12 

2. The Ramachandran Map and Protein and 

P. Balaram 

50 

12 

Peptide Structures 

3. Waves and Symmetry 

G. Srinivasan 

50 

15 

4. A Celebration of Colour in Astronomy 

G. Srinivasan 

175 

20 

5. Clinical Research and Health Care in 

Developing Countries 

G. N. Menon 

50 

12 

6. Biotechnology in India 

P. Balaram 

- 


(copies out of stock) 

7. Remote Sensing for National Development 
(copies out of stock) 

M. G. Chandrasekhar, 

B. L Deekshatulu, 

V. Jayaraman, George Joseph, 
R. L. Karale, K. Kasturi- 
rangan, S. Krishnamurthy, 

K. Radhakrishnan 



8. Extinct Plants, Evolution and Earth’s History 

B. S. Venkatachala, 

C. V. Subramanian 

70 

20 

9. Seismology in India - An Overview 

Harsh K. Gupta 

100 

20 

10. Alzheimer’s Disease: An Emerging 

George M. Martin 

150 

15 

Issue for the Developing Countries 

11. Artificial Intelligence 

R. Narasimhan 

100 

12 

12. Quaternary Period in India 

K. S. Valdiya 

150 

20 

13. Poilination Biology in Tropics 

K. S. Bawa, 

K. N. Ganeshaiah, 

R. Uma Shaanker 

100 

12 

14. Speciai Issue on Inner Planets 

R. N. Singh 

150 

25 

15. Condensed Matter Science - Current 

Status and Plan for Action 

T. V. Ramakrishnan 

S. V. Subramanyam 

150 

20 

16. Neuroscience - A multidisciplinary 
approach 

P. N. Tandon 

Raghavendra Gadagkar 

150 

20 

17. Reproductive Biology 

T. C. Anand Kumar 

150 

20 
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In this issue 


Random numbers 

The notion of a ‘random number’ 
is of interest to scientists in a 
wide variety of disciplines, and 
is also the subject Of philosophical 
speculations. This issue carries an 
article by K. R. Parthasarathy 
(page 904), an internationally 
renowned expert in probability 
theory, discussing some properties 
of random numbers. 

It has been observed that 
population sizes of certain animals 
show peaks every 3 years, on the 
average. Parthasarathy’s article 
starts with a quotation from C. R. 
Rao, which outlines a simple 
probabilistic explanation for this 
phenomenon. The article goes on 
to examine in more detail the 
following question; if ... is 
a sequence of random numbers 
uniformly distributed in the unit 
interval [0,1], what is the average 
length of time between successive 
‘k-peaks’? Here, is a k-peak if 
it is greater than its k immediate 
predecessors or successors (that 


is, is greater than any of 

^n-k’ > ^n-I’ ^n+l’ ^n + 2’ 

• • • > ?„+*)• The answer is shown 
to be 2k+ 1, which for peaks (i.e. 
if k=l) reduces to 3, as pointed 
out by C. R. Rao. This is a 
consequence of an analysis carried 
out using the individual ergodic 
theorem of Birkhoff, and the 
Central Limit Theorem. The 
analysis also yields large sample 
tests to check if a given sequence 
of numbers is random. 

V. Srinivas 

Sample compositional model 
of the earth’s inner core 

The earth’s core is the region 
extending from 2890 km to the 
centre at 6371 km. Several models 
exist to explain the composition 
of the earth’s interior which is 
not available for direct observa¬ 
tion but has to be inferred from 
a variety of disciplines. The outer 
part of the core is considered to 
be in liquid form since it does 


not transmit shear type of 
earthquake waves. The inner core 
is believed to be solid with a 
density of about 13. 

It is commonly assumed that 
the core consists of iron and 
nickel, much the same composi¬ 
tion as the meteorites. Various 
types of evidence point to iron 
being the major component of the 
core. Saxena (page 914) reviews 
some of the new techniques of 
heating solids with a laser at ultra 
high pressures in a diamond anvil. 
The new data lend support to a 
simple model of the core which 
is identical to that of iron and 
stony meteorites, the debris 
derived from differentiated broken- 
up planetary bodies. The density 
of such material seems to compare 
well with the seismic density. The 
reason why the outer core is in 
liquid form is explained to be the 
result of the phase transformation 
in iron and its melting behaviour. 


B. P. Radhakrishna 
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VASVIK 

RESEARCH 

AWARDS 

1995 




OBJECTIVES 

We have instituted seven annual VASVIK Industrial Research Awards, each of Rs. 25,000/-, a citation 
and a gold medal to be awarded to an individual or group of individuals, who, in the opinion of 
our Board of Advisers, have made outstanding contribution to the advancement of science and 
technology leading directly to national prosperity in India. 

SCOPE 

Consideration will be given to achievements in design or any production techniques or methods, 
particularly with regard to their impact on industrial and economic growth, import substitution, 
saving of foreign exchange, cost reduction, etc. Achievements within the past 10 years will be given 
priority, if they are of value to manufacturing industries, including the process of agricultural 
production. 

FIELDS 

The awards will be given to Indian citizens for research in each of the following fields: 

a) Agricultural Sciences and Technology 

b) Biological Sciences and Technology 

c) Chemical Sciences and Technology 

d) Electrical Sciences and Technology 

e) Electronic Sciences and Technology 

f) Material Sciences and Technology 

g) Mechanical Sciences and Technology 

SPECIAL AWARD FOR WOMEN SCIENTISTS 

VASVIK has also instituted a special award solely for women scientists, known as SMT. CHANDABEN 
MOHANBHAI PATEL VASVIK AWARD FOR WOMEN SCIENTISTS, carrying a cash prize of Rs. 
25,000/-, a citation and a gold medal, to recognise and encourage women's participation in science 
and technology leading to national prosperity. 

NOMINATIONS 

Applications/Nominations for the year 1995 may please be submitted in prescribed format before 
30.4.1996 

VIVIDHLAXI AUDYOGIK SAMSHODHAN VIKAS KENDRA 
P.O. Box No. 9037, Patel Vanika 
Western Express Highway, Goregaon (East) Bombay 400 063 
Ph: 8401293, Fax: 91 (22) 8401298, 8401570 
Telex: 1170035-TUBEIN, Gram: 'Tjdyogvikas" Bombay 400 063 
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NEWS 


Hemp in the manufacture of paper 


Hemp ~ Cannabis sativa (often called 
Indian hemp) - has been cultivated in 
India for centuries, especially in regions 
where rivers flood their banks, because 
the plant holds the soil and prevents soil 
erosion. The plant produces strong pliable 
fibres (the word ‘hemp’ is used for both 
the plant and the fibres). The fibres are 
extremely strong and have been used 
since antiquity for weaving sail cloth, 
and for making large diameter ropes used 
in ships etc. 

The male plant bears flowers in axillary 
racemes and dies soon after pollination 
has taken place. The female plant bears 
flowers in crowded spikes and dies after 
the seeds mature. Plants of both sexes 
are used for fibre. The hemp stem is 
hollow and has an inner fibrous bark. 
While strong coarse fibres are obtained 
from mature plants, soft ones obtained 
from hemp harvested at pollination are 
used for making cloth of fine texture. 
The fibres from the bark are used to 
make a great variety of textile products. 

Hemp contains the psychoactive drug 


tetrahydrocannabinol, popularly known as 
marijuana. Narcotics like charas, ganja, 
etc. have been extracted in India from 
the hemp plant for centuries. 

More recently, material scientists in 
India have, considered hemp fibres as 
ideal for making fibre-reinforced plastic 
(FRP) composites because of the strength 
and length of the fibres. Further, hemp 
fibres contain a fair proportion of amor¬ 
phous silica, making them behave almost 
like glass fibres except that hemp fibres 
are much tougher. Hemp fibres add 
strength and stiffness to plastic products 
and can be used to substitute glass (G) 
in GFRP products. Attempts to use treated 
hemp fibre to substitute partially asbestos 
in ‘asbestos cement sheets’ (used for roof¬ 
ing) have been fairly successful. 

Now comes the news (Environmental 
Health Perspective, 1995, 103, 893-894) 
that hemp is one of the best fibre sources 
for paper and therefore could be used in 
its manufacture. It is much better than 
jute, kenaf, flax or bagasse. In recent 
experiments, high-quality bond paper has 


been produced with 10% hemp together 
with recycled paper pulp. Lower grade 
but strong paper has also been produced 
for copiers. Hemp paper is considered 
environmentally very good as no chlorine 
bleach or acid treatment is necessary. 
Cultivating hemp, it is said, will save trees 
and minimize pesticide demands. Since 
cultivating the marijuana plant in the US 
is illegal, hemp pulp is being imported 
into the US from China and Hungary. 
Attempts are also being made to use 
genetic engineering to produce hemp not 
containing the drug tetrahydrocannabinol. 
There are some negative aspects 
too - Hemp plants require nitrogenous fer¬ 
tilizers; so hemp fibres may be much 
costlier compared to. other materials like 
wood, bamboo, etc. used in paper 
manufacture. One does not know how 
the high silica content in this fibre will 
affect the paper-making machines. 


S. Ramaseshan, Raman Research 
Institute, Bangalore 


Nurturing young scientists 


It is said in common scientific parlance 
that best scientific contributions come 
from ‘young’ researchers. More often than 
not, Nobel laureates are rewarded for 
their work that was performed in their 
mid-thirties. Younger researchers are, 
hence, a breed that need to be nurtured 
with care all around the world and India, 


in particular. Given the right impetus, 
support, and direction this flock of asser¬ 
tive dedicated individuals can perform 
wonders. This is especially important in 
our changed times when India needs to 
compete and succeed globally on all fron¬ 
tiers of technology. 

Much to the chagrin of young inves¬ 


CORRESPONDENCE 


tigators, however, the research environ¬ 
ment in our country is forsakenly taken 
to be rather dull and sleepy. A project 
proposal to government agencies, in 
general, takes anywhere from six months 
to more than a year for appraisal, to 
which six more months are to be added 
for money disbursal. The young scientist 
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proposal is expected to take much less; 
yet, invariably it consumes a lot of time. 
In these days of rapid technological 
change a loss of one year in research 
activity is like unquestionably accepting 
the forced directive of being condemned 
to technological backwardness, if not 
obsolesence. In much the same token, 
inefficient and inadequate financial sup¬ 
port produces equivalent result. More 
important is the associated danger of a 
young scientist losing the self-confidence 
and the drive to compete internationally 
when saddled with these time and money 
problems at such an early stage of his 
career. If the nation needs technology to 
be delivered for social benefits, it is 
imperative that all researchers, and espe¬ 
cially the younger ones, are supported 
duly. A nation is what its young people 
are and what they want to be. 

The Department of Science and Tech¬ 
nology operates a scheme for initial sup¬ 
port of young scientists (below 35 years) 
to perform research. The basic idea is to 
provide some quick seed money required 
to establish a new laboratory/facility and 
allow the young investigator to take roots. 
At the present time this scheme can at 
best provide an amount of Rs 3 lakhs 
for a two-year period. At the earliest, the 
administrative machinery at DST can 
initiate the operation of a project under 
this scheme in a minimum of six months 
time; most projects usually take more. 
The modus operandi of initiating a project 
includes securing at least two referee 
reports. Recently, the Board of Research 
in Nuclear Sciences has come up with a 
similar scheme having a Rs 5 lakhs finan¬ 
cial cap. It is anticipated that a BRNS 
young scientist project will take much 
shorter time to initiate. 

The present manner of administering 
young scientist proposals is ineffective. 
The amount of time taken in processing 
the applications is much too large; money 
disbursal is evidently belated. I present 
some additions and modifications to the 
present set-up to help the young re¬ 
searchers’ fraternity. Following are my 
point-wise recommendations with a brief 
discussion of appropriate rationale: 

• India should not have multiple Young 
Scientist schemes running in different 
government agencies. If the goal of 
each scheme is the same, we need not 


have one scheme competing with the 
other. One manager is usually better 
than multiple managers—^why duplicate 
effort? 

• The administration/management of 
young scientist proposals be taken over 
by previous Young Scientists. A group 
of previous young scientists, who have 
experienced the process earlier, be 
nominated for handling the research 
proposals. The rationale is that these 
scientists will better appreciate the 
needs of their cadre and speeden-up 
the entire process. Governmental delays 
regarding appraisals, cataloging, com¬ 
munication, etc. will be reduced dras¬ 
tically. In addition, the applications be 
treated in the same manner as scientific 
papers to expedite the process. The 
process of project appraisal will essen¬ 
tially remain the same, however, com¬ 
munication with established scientists 
will be improved. Younger investigators 
at premier institutions such as Tata 
Institute of Fundamental Research, 
Indian Institute of Science, Indian Insti¬ 
tute of Technology, etc., may be 
appointed for handling these proposals. 

• The time required to process a Young 
Scientist proposal be reduced to a max¬ 
imum of three months. This should 
include the review process, the decision 
on whether to fund, and communicating 
the final decision. 

• The recommendations of the reviewers 
be followed in budgetary allocation. 
The young investigator be intimated of 
the budgetary allocation and asked for 
his confirmation or appeal. The 
approval of the young investigator on 
budgetary aspects should be deemed 
necessary for the final approval before 
the project is submitted to the finance 
manager for money remittance. 

• A finance manager(s) be appointed 
aside from the proposals management 
group who will handle the money dis¬ 
bursal and money utilization part of 
the proposal. Ideally he should be a 
young scientist. If not, a cell in one 
of government bodies be designated to 
solely handle this function. 

• Money should be sent to the concerned 
investigator within two months of the^ 
approval of the proposal. It is impera¬ 
tive that this function is given utmost 
importance. Time saved is money 
gained. If a cell or manager is identified 


with this function only, drastic reduc¬ 
tion in time required may be achieved. 

• The maximum financial support be set 
to Rs 10 lakhs for a two-year period. 
Out of this an investigator can claim 
up to 80% for the first year. This will 
allow greater latitude in research 
organization of the project and in manage¬ 
ment of facilities. A young investigator 
needs greater financial support earlier in 
his career than later; more so when he 
is setting up his laboratory. 

• In the first 3 years of initiating research 
activities, a young scientist may be 
allowed to work with two Young Scien¬ 
tist projects subject to the condition 
that he/she has no funding from any 
other source. The rationale for this is 
the following: Very often in the initial 
stages one is not certain about success 
in a particular area and wants to explore 
more before committing himself/herself 
to a certain direction. In addition, better 
laboratory funding will allow greater 
flexibility in choosing advanced 
laboratory equipment that may be 
necessary for research. 

• The feasibility of processing applica¬ 
tions before the actual employment 
should be maintained and encouraged. 

• Under special circumstances a young 
scientist be allowed to present his 
proposal before the review committee 
without submission before-hand to ex¬ 
pedite his application. Some unforeseen 
events may delay the submission of 
applications. If appropriately justified, 
an application be considered before a 
meeting of the review committee for 
possible funding. This will help save 
more than a year for the young 
applicant. 

The basic goal in all the above sug¬ 
gestions is to reduce the time required 
to initiate a project. If the process is 
considerably improved it may serve as 
an incentive for young researchers abroad 
to return to their motherland and do some 
good. A very encouraging thought is the 
reduction in brain-drain. 

Umesh R. Desai 

Biotechnology Centre, 

Indian Institute of Technology, 

Bombay 400 076, India 
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Early research in India on primate tool using 


Tool using by free ranging chimpanzees 
in East and West Africa is now well 
known to ethnologists. One of the earliest 
examples of the study of tool using by 
a captive chimp originates from the 
Teneriffe island research station^ This 
was followed by the famous work of 
Koehler^ in 1915 and later summed up^ 
in 1925. 

We have recently come across a rela¬ 
tively obscure paper in which, as early 
as in 1902, tool using by a captive orang 
at Alipore Zoo, Calcutta was described 
by Sanyal"^, the first Indian Superintendent 


of that zoo. The orang at first tried, 
ineffectually, to reach the remnants of a 
proboscis monkey’s breakfast in the ad¬ 
joining cage. Then he collected straws 
from his sleeping quarters, fashioned a 
rough rope out of these. With the help 
of this rope he succeeded in pushing the 
tin of breakfast within reach. 


1. Rothman, M. and Teuber, E., Einzelausgabe 
aus der Anthropoidenstation auf Teneriffa, 
1915. 

2. Koehler, W., Aus der Anthropoidenstation 
auf Teneriffa, 1915. 


3. Koehler, W., The Mentality of Apes, New 
York, 1925. 

4. Sanyal, R. B., J. Asiatic Soc. Bengal {Cal¬ 
cutta), 1902, LXXI(2), 92. 


Srabani sen 
R. L. Brahmachary 

History of Science Unit, 

The Asiatic Society, 

1, Park Street, 

Calcutta 700016, India 


More on microbiology 


R. Maheshwari’s commentary ‘Whither 
microbiology’ {Curr. Sci., 1995, 69, 401- 
406) was an eye-opener even for a 
dyed-in-the-wool biologist like me. How 
many younger biologists would know 
without the benefit of this article that a 
study of microbiology will show that life 
is an autocatalytic process, that the prin¬ 
ciple of natural selection can be under¬ 
stood by raising enrichment cultures, that 
we can understand the unity of 
biochemistry, regulatory mechanisms, ex¬ 
istence of permease, learn that bacteria 
invented photosynthesis and that plant 
chloroplasts are merely domesticated 
cyanobacteria, and that the study of 
Neurospora crassa led to the formulation 
of one-gene-one-enzyme hypothesis which 
revolutionized biology? Maheshwari has 
presented the case for the study of 
microbiology very persuasively and 
eloquently. To further strengthen 
Maheshwari’s brief I quote the following 
from a recent article*: ‘Recent analyses 
of phylogenetic frameworks have con¬ 
firmed that the filamentous fungi share 
the closest evolutionary relationship to 


the Animalia of any non-animal group. 
As model systems for understanding 
biochemical genetics and gene regulation, 
the fungi have been particularly useful. 
Well-known examples include cracking 
the cell cycle using genetics and molecular 
biology, analysis of the mechanism of 
intracellul^ signaling via heterotrimeric 
G-proteins, cell type - specificity deter¬ 
mination (all in the yeasts Saccharomyces 
and Schizosaccharomyces), and develop¬ 
mental patterning of growth habit as in 
the slime mould Dictyostelium. The best 
molecularly studied microbial clock sys¬ 
tem, and one of the best understood 
circadian systems in any context, is that 
of the ascomycete fungus Neurospora 
crassa, in which a circadian biological 
clock controls several aspects of growth 
and development. There is much reason 
to believe that the Neurospora clock sys¬ 
tem (input, mechanism and output) will 
be the first complete system to be resolved 
at the molecular level.’ 

Microbiology is nearly the whole of 
biology in a microcosm. Yet as C. Woese 
observes (cited by Maheshwari), ‘Univer¬ 


sity microbiology departments are wither¬ 
ing. ... Microbiologists are afraid to teach 
real microbiology anymore.’ At the 
University of Wales, what was once a 
flourishing and world famous Department 
of Microbiology, headed by David Lloyd, 
was merged into rest of biology. I fer¬ 
vently hope that Maheshwari’s stirring 
article will draw the attention of students 
who are on the threshold of choosing 
some kind of biology. In a lighter vein, 
in my ignorance I had all along believed 
that extremophiles, were scientists who 
went to extremes of maintaining that their 
kind of science alone mattered. 


1. Loros, J. Sem. Neurosci., 1995, 7, 3-13. 


M. K. Chandrashekaran 

Dept of Animal Behaviour and Psychology, 
School of Biological Sciences, 

Madurai Kamaraj University, 

Madurai 625 021, India 
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Karnatak music 

I would like to point out that certain 
statements made in the article are not 
correct (The structure of Raga music’ 
by R. Ramanna, Curr. ScL, 1995, 68, 
897-916). Ramanna states that a change 
of tonic (Shruti) in a piece of Carnatic 
music is strictly forbidden. This certainly 
is not true and there are musicians, espe¬ 
cially the most skilled and imaginative, 
who use tonic shifts {Shruti Bhedam) 
routinely in their concerts. Examples can 
be quoted from numerous concerts of 
Balamurali Krishna and late Maharaja- 
puram Santhanam and many others. This 
is done even in Carnatic instrumental 
music concerts. What is done is not a 
shift of the tuning of the Tanpura, but 
stressing the new Sa, which is actually 
any of the notes of the main raga, suf¬ 
ficiently to shift the mental tonic of the 
listener. It is also important to include 
the specific ornamentation of the derived 
raga as correct gamakas (which are in 
general different from the gamakas in 
the original raga) to get the desired effect. 
Simple examples are singing ragas like 
Hindolam and Madhyamavati from 
Mohanam. 

A mere shift of the tonic without in¬ 
cluding the correct gamakas to change 
ragas in Carnatic music is not practical 
except for those ragas in which the 
gamakas are simple, essentially those that 
could be played on a harmonium or any 
keyboard instrument, and even there the 
effect is momentary, in those passages 
where even the gamakas have some 
similarity. This aspect cannot be seen in 
the written notations where any consistent 
mapping which preserves intervals more 
or less accurately looks viable. However, 
there are rare situations where the listener 
may hear a raga which is different from 
what the singer sings! This happens be¬ 
cause the actual tuning of the tanpura is 
on notes Sa, Pa and Sa, whereas what 
the listener locks on to is Pa as his Sa 
and then the Sa as his Ma - a tonal shift 
from Sa to Pa in the drone itself. Then 
what he will perceive would be the in¬ 
verted raga (in the sense of raga 
generated with the first inverted shruti 
chord). This happens in those situations 
where the listener is very familiar with 
the inverted raga and not the actual raga 
being sung. (I have heard it only in 
Hindustani music.) 


Another important and controversial 
aspect which is touched upon (but 
elaborated only in the book) is the ques¬ 
tion of harmony in Indian music. R. 
Srinivasan in his review in the same issue 
has mentioned some of the practical dif¬ 
ficulties in incorporating harmony while 
rendering Carnatic ragas. I merely want 
to stress the fact that harmony based on 
triads would be possible only in the 
obvious cases in which the raga has 
straightforward rendering without too 
many dynamical gamakas (roughly 
defined as modulations which blur the 
note in frequency all the way to the 
neighbouring notes, while stressing the 
main note itself For example, many of 
the notes in Todi, combinations of Ma, 
Pa and Dha in Kalyani, Panthuvarali 
and derivatives, etc.) Todi would actually 
be very difficult in this respect with so 
many dynamical gamakas with the notes 
defined in a very impressionist way. But 
there are also many examples in which 
Indian musicians have tried out harmony 
with good success in ragas which do not 
depend strongly on dynamic gamakas 
(e.g. parts of Mohanam and many pen¬ 
tatonic ragas). There is a popular LP 
record by Ramani and his students on 
flute where many harmonized passages 
are played very skillfully, for different 
ragas. Harmony has been tried out many 
times in fusion music with a good Indian 
music component, and two-string harmony 
(may not really classify as harmony) has 
been tried by L. Shankar on some oc¬ 
casions (by recording twice over, playing 
his double violin) with pleasing effects. 

There are statements in the beginning 
of the article which seem to suggest that 
only very recently Carnatic music has 
come out of courts into concert halls and 
that transformation to hi-fi era has not 
taken place in India. This obviously can¬ 
not be right. In fact, everything in hi-fi 
including Dolby technology, CDs, good 
acoustics, etc., are all incorporated already 
in many prominent recording studios as 
well as concert halls dealing with Indian 
music. So the justification that the article 
aims to educate technologists and scien¬ 
tists on aspects which might help in this 
technology revolution is misplaced, and 
after reading the article I also felt that 
it really does not contribute in this aspect 
even if there was a need. 


The listing of the historical events of 
importance to Carnatic music (Appendix 
I) includes the name of Swati Tirunal, 
mentioned as a Veena expert and not as 
a composer! Is it a slip or taking sides 
in the well-known controversy? 

While introducing Ramanna’s article, 
the editor had commented that ‘probably, 
many scientists may feel that it is not 
an appropriate subject for Current 
Science'. Many scientists would not really 
have any objection to publishing an article 
on music when it pertains to a scientific 
analysis or study of scientific aspects of 
music. In fact, some of the greatest of 
physicists have spent considerable time 
on musical acoustics and related theory. 
What was disappointing in the article was 
the way irrelevant information was in¬ 
cluded as transcripts of all the Melakarta 
ragas in western notation. This 
straightforward mapping, once the nota¬ 
tion is established, should have been left 
as ‘exercise’ if anybody was interested 
in generating the full list. 

C. S. Unnikrishnan 

Gravitation Experiments Group, 

Tata Institute of Fundamental Research, 
Homi Bhabha Road, 

Bombay 400 005, India 


Raja Ramanna’s article fails to communi¬ 
cate and is thoroughly misleading. 

In Part I of the article, an unsuccessful 
attempt is made to explain the notation 
used in Western music. As I could not 
follow it and as I have no knowledge of 
it myself, I refrain from commenting on 
what is presented in terms of that notation. 
As regards the rest of Part I, I say, 
without reservation, that it does not con¬ 
vey anything to the reader. In Part II of 
the article, there is a description of what 
the author considers to be the salient 
features of a typical Karnatak music con¬ 
cert. When one reads through it, one is 
amazed by its divergence from reality. 
For instance, mention is made of flutists 
playing accompaniment to vocal 
musicians in Karnatak music concerts. I 
regularly go to music concerts and, on 
the average, I have attended fifteen to 
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twenty concerts per year during the last 
fifty years and more. Not once have I 
found a flutist accompanying a vocalist. 

Coming to percussion instmments 
played in Kamatak music concerts, men¬ 
tion is first made of Tabla which is 
seldom used in Kamatak music, and of 
morching which is rarely used. But the 
more commonly used Ghata and Kanjira 
do not find a mention anywhere. 

While dealing with alapana it is stated 
that ‘more often than not, the percussion 
instmments are silent during alapana as 
it does not always have a tala structure’. 
It means that alapana has sometimes a 
'tala structure’, and on such occasions, 
percussion instmments are played. This 
is ludicrous, to say the least. An incorrect 
statement is also made about tani avar- 
thanam: ‘It may or may not be supported 
by other instrumentalists’. What sort of 
tani avarthanam is it if it ‘is supported’ 
by a non-percussion instmmentalist? 

‘After completing the “statement” of 
pallavi and anupallavi,' according to the 
author, ‘the main musician takes on 
elaboration of the two themes in which 
new forces are brought in, such as Kal- 
pana swaras’. Kalpana swaras being 
‘new forces’ used to ‘elaborate’ pallavi 
is just absurd. Further, ‘once pallavi and 
anupallavi is elaborated, there is a great 
degree of freedom for the performer for 
further elaboration swara-wise and tala- 
wise’. Statements of this sort which chal¬ 
lenge our capacity for comprehension are 
abundant in the article. 

‘Two ragas with identical Arohana and 
Avarohana and derived from the same 
Janya Mela may yet differ from each 
other’, says the author. Pray, what is 
Janya Melal It is common knowledge 
that the 72 Melakarthas of Indian music 
are described as ‘Sampurna’ ragas be¬ 
cause each of them have all the seven 
swaras in the order of their frequencies 
both in Arohana and Avarohana. They 
can also be called Janaka ragas because 
all the other ragas are derived from them. 
The derived ragas are Janya ragas. From 
this it is evident that Janya Mela is a 
contradiction in terms and so is mean¬ 
ingless. The context, however, suggests 


that Melakartha is meant and not Janya 
Mela. 

As an instance of the above statement 
Arab hi and Sama are mentioned as two 
ragas with identical Arohana and 
Avarohana and derived from the same 
Melakartha. It is just not true. Arabhi is 
a derivative of Dheerashankarabharana 
and Sama of Harikambhoji. Their 
Arohana and Avarohana are also different. 

J. R. Lakshmana Rao 

‘MaithrV, XII Main, 

Saraswatipura 
Mysore 570 009, India 


Raja Ramanna replies 

I do not know the status of Lakshmana 
Rao as a musician and therefore if he is 
disappointed and thinks that there is noth¬ 
ing in my article, it cannot be quite 
correct because many of the things I have 
mentioned are based on well-known books 
on Karnatic music. 

It is a pity, as Rao himself says that 
he does not know staff notations and 
therefore is unable to understand the com¬ 
ments made using these notations, and 
yet says that there is nothing in them. 
The article is written to make it com¬ 
prehensible to the practitioners and 
scholars of western music as well as 
Indian counterparts. It has been necessary 
to do it through staff notation. Perhaps, 
the best thing for him to do, I feel, is 
to learn staff notation and then make his 
comments. A. M. Chinnasamy Mudaliar 
(1895), P. Sambamurthy and H. P. Krishna 
Rao of Mysore, etc. knew western nota¬ 
tion and used it. 

About the other points. The term Kar¬ 
natic music concert has been used in a 
broad sense. In the music team of a 
Bharata Natyam performance, for 
instance, one can see the Flute functioning 
as a support to the vocalist. According 
to some old timers, before the advent of 
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the Violin, Veena and or the Flute were 
the supporting instruments in any vocal 
recital. Many old timers in Mysore city 
are familiar with the flutist M. Venkatesa 
Iyengar (father of Doreswamy Iyengar) 
supporting Venkatagiriyappa in the Veena 
recitals. In recent times M. Balamurali- 
krishna has given many concerts with 
Flute support. 

Regarding the use of Tabla in Karnatic 
music, any old timer in Mysore city will 
vouchsafe the fact that it was the Tabla 
(not Mrudangam) which was the accom¬ 
panying talavadya in the music concerts 
before the Mrudangam appeared on the 
scene in the 1920s. It was similar in 
Bangalore city. About the absence of 
mention of Ghatam, Khanjira the relevant 
sentence in my article reads ‘on his right 
side are placed percussion instruments 
like the Tabla, Mrudangam, Morching 
(Jews Harp), etc., covering other instru¬ 
ments instead of their detailed enumera¬ 
tion.’ 

About the alapana, Rao has laid empha¬ 
sis on words ‘more often than not’ and 
draws his own sarcastic conclusion ‘as 
if the alapana has some times a tala 
structure’. Here again, the use of the 
words alapana and tala are in a broader 
sense. Otherwise, how can one classify 
the alapana performed by nagaswaram 
where a person maintains a beat on the 
cymbals while the tavil also joins. I have 
had discussions with no less a person 
than Bangalore K. Venkataram, Director 
of the Percussive Arts Centre, Bangalore, 
about the tala structure in alapana. In 
fact, it was he who has suggested to me 
to include this particular aspect in my 
article. Janya instead of Janaka Mela is 
a typographical error. 

Concerning other comments, answers 
can be found in Sambamurthy’s volumes. 


Raja Ramanna 


National Institute of Advanced Studies, 
Indian Institute of Science Campus, 
Bangalore 560 012, India 
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Too many hepatoprotective drugs and a little hepatoprotection 


This is in response to the Research Com¬ 
munication entitled ‘Hepatoprotection by 
Phyllanthus amarus and Phyllanthus 
debilis in CCl 4 -induced liver dysfunction’ 
(R. T. Sane et al, Curr. ScL, 1995, 68 , 
1243-1246) which describes the 
‘effectiveness’ of P. debilis and P. amarus 
as hepatoprotective agents. The data are 
not presented properly and the conclusions 
drawn from them are partly misleading. 

To evaluate hepatoprotection the data 
for CCI 4 + P. amarus-iTt&i&d groups have 
to be compared with CCl 4 -control group 
and not with normal control, and the 
statistical significance has to be deter¬ 
mined between these groups. This has 
not been done. If there is complete 
hepatoprotection in CCI4 + P. debilis- or 
P. amarus-irtdX.td groups, the values for 
semm enzymes and liver RNA shown in 
Tables 1 and 2 should not differ sig¬ 
nificantly between normal control group 
and CCI 4 +herbal drug-treated groups. 

In Table 2 , values for liver DNA and 
RNA are given. The levels of RNA 
decreased in the liver of CCl 4 -treated 
animals compared to normal control. The 
RNA value for P. amarus-ixtdiitd group 
(CCI4 + P. amarus) is not statistically (sig¬ 
nificantly) different from that for CCI4- 
control group. Furthermore, Table 2 has 
errors. All RNA values including the 
normal control value are marked with 
asterisks to indicate the level of signi¬ 
ficance. The SD for normal control group 
is 10.56 whereas that for group II is 
given as 0.7284. This is highly unlikely. 

We have calculated the level of hepato¬ 
protection in the herbal dmg-treated 
groups based on the values given in 


Tables 1 and 2 for serum enzymes and 
liver RNA and presented in Table A. In 
the case of P. amarus, out of 3 semm 
^ marker enzymes studied, only GPT ac¬ 
tivity shows hepatoprotection (63%). The 
level of alkaline phosphatase activity does 
not show any protection. GOT activity 
shows a marginal effect (36%). Further, 
CCl 4 -induced decrease in liver RNA con¬ 
tent was not significantly influenced by 
P. amarus treatment. With these obser¬ 
vations it should not be concluded that 
P. amarus is effective as a hepatoprotec¬ 
tive agent. A good hepatoprotective agent 
must influence almost all the relevant 
biochemical parameters more or less 
uniformly. If not, a plant dmg control 
group has to be included to find whether 
the plant drug influences any specific 
parameters in normal rats. 

In P. debilis-XT& 2 Litd animals some 
hepatoprotection is seen. Even in this 
case, GOT and alkaline phosphatase acti¬ 
vities show only around 50% protection 
and liver RNA level shows only 28% 
protection. The normal recovery from 
damage without herbal drug treatment in 
three more days (six days after CCI 4 
treatment) is far better than P. debilis 
treatment for three days. As compared to 
the values in CCl 4 -control on day 3, on 
day 6 the recovery from damage in semm 
enzymes and RNA is 60-80%. 

Although the authors compared all the 
biochemical parameters with those of the 
normal control rats, the normal control 
rat liver histology figure is not given. It 
is better to show that, at least, for the 
benefit of those readers who are not 
familiar with liver histology. Some varia¬ 


tions in the degree of histopathological 
changes can be seen in different rats of 
the same group and also, minor variations 
can be observed in different parts of the 
same liver. When these points are con¬ 
sidered, among other things, the presented 
minor improvements in histopathological 
changes in the CCI4 +herbal dmg-treated 
groups as compared to CCl 4 -control group 
may not represent good hepatoprotection. 

Thus the reported data show, at best, 
a marginal hepatoprotective effect in 
P. amarus-treattd rats. Considering all 
the parameters studied, the hepatoprotec¬ 
tive effect of P. debilis is also below 
50%. A reasonably good hepatoprotective 
agent should exhibit, at least, 60-80% 
hepatoprotection as seen in the case of 
normal recovery, 6 days after CCl 4 -treat- 
ment (Table A). Dmgs exhibiting at least 
60-80% protective effect, preferably 80- 
100 % protection, may be considered as 
hepatoprotective agents for treatment in 
crude forms after establishing their safety. 

Although P. debilis showed moderate/ 
slight hepatoprotection it should be noted 
that this effect of P. debilis was observed 
at a dose which gave maximum effect 
(0.66 g drug powder/kg body wt). The 
dose response effect is very important, 
and the data for the same are not given. 
The effect may not be seen or deleterious 
effect may be present at higher doses. 
Caution is required to use those drugs 
which do not give a normal dose response 
curve. Arbitrary dose fixation in herbal- 
drug treatment can result in the loss of 
moderate/small hepatoprotective effect of 
P. debilis. 

Many common hepatoprotective medi¬ 
cinal plants are shown to have more than 
60% hepatoprotection in most of the 
relevant biochemical parameters. How¬ 
ever, comparison with published literature 
is sometimes difficult owing to the dif¬ 
ference in the level of liver damage 
induced by various hepato-toxic agents 
(CCI4, paracetamol, galactosamine, etc.) 
and in treatment protocol. To determine 
effectiveness as a hepatoprotective agent 
it is always better to compare with a 
hepatoprotective drug known for its effi¬ 
cacy and/or formulations such as Liv52. 

We have studied both P. debilis and 
P. amarus and could not find substantive 
hepatoprotective effects in these herbs. 
We have observed relevant serum 


Table A. Hepatoprotective effect of P. amarus and P. debilis in rats (% hepatoprotection) 





Groups 






CCl^ (Normal 

Parameters 

CCl.-control 

4 

CCL+P. 

4 

amarus CCL + P. debilis 

4 

recovery in 6 days) 

GPT 

0 

63 

98 

60 

GOT 

0 

36 

45 

65 

Aik. P 

0 

8 

SI 

80 

RNA (liver) 

0 

12 

28 

67 


Percentage of protection was calculated as follows, assuming that there was no protection 
(100% damage) in CCl 4 -control group 


Percentage of _ iqq 
protection ~ 


100 


Difference in the values 

,-X between CCL control and 

Difference m the values between , 

CCl 4 + drug group 


CCI 4 control and normal control 
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enzymes, bilirubin, choleretic activity and 
liver histology to assess liver damage and 
protection from damage. In our studies 
on P. debilis we have found only 30-40% 
protection from paracetamol-induced 
elevation of serum enzymes and bilirubin 
at a dose of 1 g dry powder/kg body wt 
and we consider it as a small effect. In 
our screening we could detect Phyllanthus 
species which give 80-100% hepato- 
protection regarding most of the biochemi¬ 
cal parameters and liver histology. 

There are numerous medicinal plants 
which have marginal or insufficient cura¬ 
tive potentiality. Reporting them as 
effective or potent herbal remedies is 
misleading and dangerous to those who 
want to use them as remedies. Such 
reports will increase the numbers in the 
long list of hepatoprotective herbal drugs 
but not provide hepatoprotection to the 
patients. 

A. SUBRAMONIAM 


Ethnopharmacology Division, 
Tropical Botanic Garden and 
Research Institute, 

Palode, Trivandrum 695 562, India 


R. T. Sane et al. ’s reply 

The publication presented the preliminary 
findings of our studies on the two Phyl¬ 
lanthus sps. We have not claimed Phyl¬ 
lanthus debilis to be the best hepato¬ 
protective agent. The publication was ini¬ 
tiated because our surveys indicated that 
all species of Phyllanthus are being used 
as hepatotonics with no species considera¬ 
tions. The study has brought out clearly 
the species-dependent variation in the 
hepatoprotective action and highlights 
the need to be very selective in their 
use. 

Statistical comparison of treated groups 
with the normal control group is justified 
because the extent of recovery after treat¬ 
ment will be better evaluated with normal 
liver rather than a damaged one, as sug¬ 
gested by A. Subramoniam (AS). Even 
if such a comparison is made, no sig¬ 
nificant changes will occur in our evalua¬ 
tion. We have not claimed complete 
hepatoprotection in our findings. 

We regret inadvertent error of marking 


the normal values also with asterisks. The 
SD of group II is 0.7284 and has been 
reported correctly. Several papers have 
been published, which clearly show that 
P. amarus is not a good hepatoprotective 
agent. The suggestion about adding plant 
control group is good. We appreciate the 
analysis of percentage hepatoprotection 
for each of the experimental groups. It 
is evident that P. debilis is a better 
hepatoprotective agent than P. amarus. 
The recovery seen in normal recovery 
group is after a period of six days, whereas 
the recovery in plant-treated groups is 
after three days. Average recovery seen 
for each group from AS’s analysis is 
given below: 


CC 14 

CCL + 

CCI 4 + 

Normal 

control 

^ 4 

P. amarus 

P. debilis 

recovery 

00 % 

30.0% 

51.0% 

68 % 


after 

after 

after 


3 days 

3 days 

6 days 


It is very clear that the rate of recovery 
by natural regeneration is slower than the 
P. debilis-ixtdLitd. group. Besides, publish¬ 
ed papers indicate that complete recovery 
after CCl 4 -induced damage is achieved 
only after two weeks. We do agree that 
there is better recovery of RNA levels 
in natural recovery group. 

The photograph of normal liver histo¬ 
logy was not provided since the stmctural 
characteristics needed no special mention. 
After scanning the entire liver area, the 
most representative area was reproduced 
and we do not consider the improvement 
seen in them as minor but, quite signi¬ 
ficant. 

The dose of the plant slurry was not 
fixed arbitrarily. We have carried out a 
dose-response study, after which the 


In 1949, Polge et aO in England made 
a serendipitous discovery that glycerol 
protected fowl spermatozoa from the 
otherwise lethal effects of freezing. In 
1953, Bunge and Sherman^ demonstrated 
for the first time that frozen and thawed 
human spermatozoa could result in preg¬ 
nancy and the birth of normal babies. 
All subsequent published reports have 


specific dose of P. debilis was fixed. The 
details of these findings could not form 
part of a short research communication. 
We agree that dose fixation is very impor¬ 
tant to avoid doses of deleterious effects 
or no effect. In fact, we have also carried 
out toxicity studies on these plant slurries. 
In the light of the findings from these 
studies we found the dose of 1 g/kg to 
be on the higher side and mildly toxic. 
This could be the reason why experiments 
with P. debilis could not provide satis¬ 
factory results. 

It is also to be noted that various 
hepatotoxicants cause hepatic injury in 
different ways. Therefore, evaluation of 
hepatoprotective or hepatocurative actions 
need to be carried out with careful analysis 
to avoid over-interpretation. We are eager¬ 
ly awaiting the publication on screening 
experiments by AS, where a Phyllanthus 
sp. is said to be identified, with better 
hepatoprotective action. 

We have already initiated further studies 
on other Phyllanthus sps. and plan to 
use different hepatotoxicants. We have 
also carried out electron microscopic 
studies and have evaluated several other 
biochemical parameters. We are confident 
of publishing our findings soon. We still 
believe P. debilis to be a good hepato- 
tonic. 

R. T. Sane 
V. V. Kuber 

Mary S. Chalissery 

S. Menon* 


Departments of Chemistry and 
"^Biological Sciences, 

Ramnarain Ruia College, Matunga, 
Bombay 400 019, India 


confirmed the cryopreservability of ejacu¬ 
lated seminal spermatozoa. The first 
semen bank in India was started at Apollo 
Hospital in January 1988. 

Obstructive azoospermia is an important 
cause of male infertility. Surgical correc¬ 
tion of obstmction yields poor results 
except when single tubular anastamosis 
is undertaken^. In some cases, surgical 


Cryopreservation of epididymal spermatozoa 
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correction is not possible (as in 
vasal-aplasia). However, in most of these 
men, a good number of spermatozoa with 
variable motility could be obtained by 
epididymal aspiration. It is not always 
possible to use the spermatozoa obtained 
by epididymal aspiration for Assisted 
Reproductive Technology as this requires 
an additional expense and simultaneous 
preparation of the wife. Therefore it was 
decided to try and cryopreserve epi¬ 
didymal spermatozoa obtained from caput 
epididymis (in men undergoing scrotal 
exploration) so that this could be used 
at a later date if necessary. 

The subjects for the study were three 
men undergoing scrotal exploration for 
obstructive azoospermia in 1991. In¬ 
formed consent was obtained from all 
these men. Epididymal spermatozoa were 
aspirated from caput epididymis into 1 ml 
of Earle’s balanced salt solution. The 
prefreeze spermiogram was done. This 
was then mixed with an equal volume 
of Matheson Carlborg-Gemzell medium 
(cryoprotectant"^) and cryopreserved in a 
biological freezer at ~-70“C. 

Good motile spermatozoa were obtained 
from all the three men from caput epi¬ 
didymis. The sperm concentration 
prefreeze were twelve million, ten million 
and thirty-five million per ml with 30%, 
40% and 60% progressively motile sper¬ 
matozoa. Vaso epididymal anastomosis 
was done on two men. One man had 
vasal aplasia. One of these men, two 
months later, showed a sperm concentra¬ 
tion of eighty million per ml with 30% 
motility and his wife was pregnant a 
month later. She has since delivered a 
baby. The other man had no spermatozoa 
at the first follow up, a month later, and 
has not reported back since then. As 
these three men were not keen on Intra 
Uterine Artificial Insemination Husband 
or ART for their wives, the spermatozoa 
so obtained from the caput were frozen 
with their consent. After one month the 
sample was taken out and thawed and it 
was found that the spermatozoa in all 
the three samples had still maintained 
40-50% of their prefreeze motility. 

Surgicql correction of obstructive 
azoospermia generally yields poor results 
(20%). Unless and until experience is 
gained with single tubular anastomosis, 
the results of vaso epididymal anastomosis 
are not likely to improve. However, many 
centres have good experience with 
GIFT/IVF by conventional means or by 


Micro Insemination and Sperm Transfer 
(MIST), Sub-Zonal Insemination (SUZI) 
or Intra Cytoplasmic Sperm Injection 
(ICSI). For all these techniques, the num¬ 
ber of spermatozoa required is far less 
than for in vitro fertilization. Therefore, 
while attempting vaso epididymal ana¬ 
stomosis for obstructive azoospermia, if 
the couple are prepared, one could also 
undertake lUAIH or ART. If, however, 
the couple are not prepared, one could 
attempt to cryopreserve the epididymal 
spermatozoa and use the cryopreserved 
spermatozoa for ART later if the surgical 
correction were to be unsuccessful. 

All mammalian cells are not cryo- 
preservable. It is not known what offers 
the spermatozoa the cryopreservable 
capacity. The fact that epididymal sper¬ 
matozoa could be cryopreserved indicates 
that human spermatozoa do not require 
the presence of seminal constituents for 
being cryopreserved. 

Epididymal spermatozoa which are 
mature, motile and capable of fertilization 
are also cryopreservable. It is suggested 


The soluble mediators, known as 
cytokines, regulate immune response as 
well as effector phase of immune reac¬ 
tions. They are characterized by functional 
pleiotropy and redundancy and act as a 
‘network’. They are required for a number 
of normal reactions in the body but 
produce pathological changes when they 
are present at the wrong place and in 
wrong concentrations. Their role in a 
number of diseases has generated keen 
interest in the cytokine antagonists and 
their potential therapeutic use. The 
cytokine antagonists are nonpeptide 
molecules, soluble receptors, IL-lra/ 
mutated cytokines and autoantibodies^ 
Besides these, the adverse effects of 
cytokines have been neutralized success¬ 
fully by passive immunization of animals 
by anticytokine-antibodies^"^. On the other 
hand, the non-neutralizing type of 
antibodies contribute to a positive 
therapeutic response by better targeting 
of the cytokines to the appropriate cells^’^. 
We have successfully used a novel 


that all attempts at surgical correction of 
obstructive azoospermia should be accom¬ 
panied by an attempt at lUAIH/ART or 
at least cryopreservation of epididymal 
spermatozoa so obtained. 


1. Polge, C., Smith, A. V. and Parkes, A. S., 
Nature, 1949, 164, 666. 

2. Bunge, R. G. and Sherman, J. K., Nature, 
1953, 172, 707. 

3. Silber, S. J., FertiL Steril, 1978, 30, 567- 
571. 

4. Matheson, G. W., Carlborg, L. and Gemzell, 
C., Am. J. Obstet. Gynaecol., 1969, 104, 
495-501. 


N. Pandiyan 
Radha Pandiyan 
Jyotsna Malthai 
P. S. R. Moorthy 
B. Varalakshmi 

Department of Reproductive Medicine, 
Apollo Hospitals, 

Madras 600 006, India 


approach to actively immunize mice with 
a dengue virus-induced cytokine, the 
mouse Cytotoxic Factor (mCF), which 
acts as ‘pathogenesis-related protein’, to 
protect against the pathological effects^. 
We wish to draw attention to this poten¬ 
tially therapeutic approach of ‘anti-disease 
vaccination’. 

During dengue type 2 virus (DV) infec¬ 
tion of mice, a unique cytokine mCF is 
produced by T lymphocytes. mCF is a 
43 kD molecule on native PAGE and has 
an isoelectric point of pH 6.5. The 
sequence of 19 amino acids of the N- 
terminus of mCF (compared at Gen Data 
Base, Distributed Information Centre, 
Indian Institute of Science, Bangalore) 
differs from those of other cytokines and 
DV-specific proteins Northern blot tests 
done with the oligonucleotide probes 
derived from this sequence shows the 
presence of mRNA for mCF in the spleen 
cells of DV-infected mice. The cDNA 
library of mCF has been constmeted in 
Xgt 11 and expressed in Escherichia coli 
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(Chaturvedi et aL, unpublished data). mCF 
kills mainly H-2A negative macrophages 
and T helper cells etc. of a variety of 
animal species by inducing Ca^"^ influx^ 
and nitrite production (A. Misra, 
R. Mukerjee and U. C. Chaturvedi - com¬ 
municated). mCF is capable of repro¬ 
ducing various pathological lesions that 
are seen in human cases of dengue 
haemorrhagic fever/shock syndrome 
(DHF/DSS) which include increased vas¬ 
cular permeability and damage to the 
blood-brain barrier"^’^ (Figure 1). Treat¬ 
ment of human blood leucocytes with 
mCF in vitro produces changes*^ that are 
described in cases of DHF^^. 

Recently, presence of an mCF-like 
cytokine has been shown in the sera of 
the cases of DHF/DSS (ref. 17). This 
human CF (hCF) has been purified by 
chromatography and characterized 
(Chaturvedi et ^ 2 /. - unpublished data). 
Further, production of hCF by human 
peripheral blood CD4 positive T cells 
has been shown by in vitro stimulation 
by DV (ref. 18). T cell-enriched sub¬ 
population could be stimulated directly 
to produce hCF but the yeild of hCF 
was enhanced in the presence of 
monocytes/macrophages (M(t)). This 
shows that the effect of DV can be both 
direct or via monocytes. The Northern 
blot analysis using oligonucleotide probe 
prepared on the basis of amino-terminal 
sequence of mCF shows the presence of 
mRNA in T cellsA number of chara¬ 


cteristics of mCF are shared by hCF 
(Table 1), including molecular weight, 
reaction in Western blots and capacity to 
increase capillary permeability*^"^^ (R. 
Mukeijee and U. C. Chaturvedi - com¬ 
municated). This is an extremely impor¬ 
tant breakthrough in DHF research as 
mCF has been shown to be a 
‘pathogenesis-related protein’ in mice. 

Mice immunized with 5 pg of mCF 
mixed with Freund’s incomplete adjuvant 
were challenged with 3 pg mCF at weekly 
intervals up to 48 weeks. Protection 
against the mCF-induced increase in capil¬ 
lary permeability and damage to the 
blood-brain barrier was studied in normal 
control and immunized mice. A complete 
protection is observed at the 4th week 
which persisted at higher levels up to 
the 16th week and then declined sharply. 
A breakthrough in the protection occurred 
with higher doses of mCF in a dose- 
dependent manner. mCF-specific anti¬ 
bodies are present in the sera obtained 
from the immunized mice as detected by 
ELISA and Western blot test and by 
neutralization of the cytotoxic activity of 
CF in vitro. The peak antibody titres 
correlated with peak protection. Intra¬ 
cerebral challenge with a lethal dose of 
DV prolongs mean survival time and 
delays onset of symptoms of sickness in 
immunized mice compared with normal 
mice, but the titre of the vims in the 
brain was similar^. Recently, the effect 
of various adjuvants, including Freund’s 



i i 

No ANTIGEN No HELP TO 

PRESENTATION B CELLS 





NON-SPECIFIC 

IMMUNOSUPPRESSION 


INCREASED CEREBRAL 

VASCULAR OEDEMA 

PERMEABILITY 


SHOCK /HAEMORRHAGE 


Figure 1. Production and mechanisms of action of mouse cytotoxic factor^^. 


incomplete adjuvant, alhydrogel, bacille 
Calmette-Guerin (BCG), normuramyl-L- 
V-methylalanyl-D-isoglutamine octalymide 
(compound No. 84/246, synthesized at 
the Central Dmg Research Institute, Luck¬ 
now and kindly provided by K. B. 
Mathur) and tetanus toxoid (TT) on the 
immunogenicity of mCF and their 
optimum doses have been studied. The 
best effect is obtained with 84/246 fol¬ 
lowed by that with TT (ref. 20). 

Paralysis and death of mice occur due 
to replication of DV in the neuron cells, 
while damage to the blood-brain barrier 
resulting in cerebral oedema and asso¬ 
ciated symptoms is caused by both virus 
and mCF. On the other hand, cerebral 
oedema is produced, but not the mortality, 
by mCF on intraperitoneal (i.p.) inocula¬ 
tion of mice with DV, as the virus does 
not enter the brain^. By mCF-immuniza- 
tion, neither the vims titre nor the DV- 
induced paralysis and death could be 
prevented, but the latter are significantly 
delayed by 3-9 days and the mCF-induced 
pathological lesions are prevented^’^^l The 
immunization provides almost 90% 
protection against damage to the blood- 
brain barrier on challenging with DV i.p. 
Therefore, this approach may be very 
useful in cases where the vims does not 
enter the central nervous system (CNS). 
For example, in the cases of human den¬ 
gue, signs and symptoms of cerebral 
oedema and rarely of encephalitis may 
be observed but the vims has never been 
detected in their CNS^. In spite of ex¬ 
tensive work done to understand the 
pathophysiology and pathogenesis of 
DHF/DSS, the precise mechanism remains 
unclear^^, necessitating an indepth under¬ 
standing of the pathophysiology of dengue 
syndromes to possibly open up new 
strategies to develop efficient vaccines. 

Dengue illness is one of the most 
rapidly expanding diseases of the tropics, 
with over two billion people at risk of 
infection and millions of cases occurring 
every year^"^. The epidemics of dengue 
are widespread in this country and 
repeatedly occur year after year^^. Dengue 
vimses are of four closely related types 
and yet each is sufficiently distinguishable 
from the others, such that sequential 
infection may lead to life-threatening 
haemorrhages and shock reactions. This 
has caused several problems in the 
development of a vaccine with the result 
that no vaccine against dengue is yet 
available for general use. The ultimate 
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Table 1. Comparison of mouse (mCF) and human (hCF) cytotoxic factor^^ 


Property 

mCF 

hCF 

Inducer 

DV2‘ 

DV's 

Producer cell 

L3T4 + T cells^' 

CD4 + T cells’® 

Target cell, for assay 

Mouse spleen cells^^ 

Mouse spleen cells** 

Mol wt on PAGE 

43 kD (ref. 10) 

43 kD (ref. 19) 

Isoelectric point 

6.5 (ref. 10) 

4.5-5.2 (ref. 19) 

V-Terminal sequence 

19 amino acids known"* 

V-terminal blocked* 

Effect on capillary permeability 

Increased"* 

Increased* 

Reaction with anti-mCF-antisera: 

- Cytotoxicity 

Neutralized"* 

Neutralized* 

-ELISA 

Positive*^ 

Positive*^ 

-Western blot 

Positive**’ 

Positive** 

-Dot blot 

Positive* 

Positive** 

- mCF/hCF-induced increase 

Inhibited"* 

Inhibited* 

of capillary permeability 

Reaction with anti-hCF-antisera: 

- Cytotoxicity 

Neutralized* 

Neutralized* 

-ELISA 

Positive* 

Positive* 

-Western blot 

Positive* 

Positive* 

- mCF/hCF-induced increase 

Inhibited* 

Inhibited* 

in capillary permeability 

Northern blot* 

mRNA present in 

T cells* 

mRNA present in 

T cells'* 


^Personal unpublished data. 

^Mukeijee, R. and Chaturvedi, U. C. - communicated. 

*With the oligonucleotide probe prepared on the basis of amino-terminal sequence of mCF. 


aim for dengue vaccine development 
should be the prevention and control of 
haemorrhages and shock which are 
life-threatening rather than the milder 
form of benign dengue fever. The data 
obtained so far indicate feasibility of 
developing an ‘anti-disease vaccine’ 
for prophylaxis against DHF/DSS. On 
analysis of amino-terminal sequence of 
mCF^” (at Gen Data Base, Bangalore) a 
projection of three antigenic sites was 
obtained on the molecule. Recombinant 
CF (rCF) has been obtained by expression 
of A.gt 11 packed with cDNA in E. coli 
and some of its properties have been 
compared which show similarity between 
the native mCF and rCF (U. C. Chatur¬ 
vedi - unpublished data). A question that 
needs to be addressed is whether such a 
vaccine could ever find practical use 
because it is based on immunization 
against a self-protein. Presence of auto¬ 
antibodies to a number of cytokines have 
been described and their role were dis- 
cussed^ Anti cytokine autoantibodies are 
known to block the activity of the 
cytokines and are found in the semm for 
interleukin-la (IL-la), IL-2, IL-4, IL-6, 
IL-8, IL-10, TNF-a and IFN-a. Small 
complexes between such antibodies and 
cytokines do not activate complement if 
IgG4 antibodies are involved, and do not 


precipitate in vivo, but are active as in¬ 
flammatory complexes, therefore, their 
therapeutic use should be considered care¬ 
fully ^ Bendtzen et al? have proposed 
that a major role of anticytokines auto¬ 
antibodies is to facilitate, rather than 
neutralize, functions of cytokines in the 
body by acting as specific physiological 
carriers and regulators of cytokines. For 
effective immunization it is essential that 
such epitopes on cytokines are used which 
generate neutralizing antibody only. This 
approach has the advantages and disad¬ 
vantages of an active vaccination, but 
vaccine strategies directed at the primary 
cause (the cytokine) rather than infective 
agents need serious consideration, more 
so when effective vaccines are not avail¬ 
able for several agents. 
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Driven up the tree: Why do wild dogs harass leopards? 



Figure 1. Dhole tensely approaching chital, killed by its pack earlier. Competition 
between vultures and the dholes Is evident. (Photo: R. Sukumar). 


Anindya Sinha 

A pack of Asiatic wild dogs or dholes 
suddenly appear on a grassy knoll in the 
darkening forests of the Mudumalai 
Sanctuary in southern India. They whine, 
sniff, rub against each other and then, as 
fleetingly, vanish into the dusk. 

Why do carnivores like the dhole live 
out ardently social lives—hunting, feeding 
and resting together? Various selective 
advantages have been believed to accrue 
to communally living carnivores like wild 
dogs, lions and cheetahs. These include 
an increased likelihood of defending a 
territory with its associated resources of 
food and mates, greater success through 
cooperative hunting, and a better ability 
to protect kills from other predators. In 
an article in this issue, however, Arun 
Venkataraman provides tantalizing evi¬ 
dence for yet another kind of advantage 
that wild dogs, living in large cooperative 
groups, may enjoy^ He describes four 
instances where two of his study packs, 
which he has been studying continuously 
for five years now, actively mobbed 
leopards by grouping together and sur¬ 
rounding the trees in which the latter had 
taken refuge. In contrast, however, on a 
single observed occasion, the dogs 
bunched up and retreated from a tiger. 
This, together with the observation that 
leopard faeces contain more dhole hair 
than do those of tigers, leads Venkataraman 
to speculate that the wild dogs may be 
harassing leopards to deter them from 
preying on dogs isolated from the pack 
during hunting expeditions or on un¬ 
protected pups left behind in dens. 

A competing hypothesis to explain the 
agonistic interactions of dholes preferen¬ 
tially towards leopards would suggest that 
the leopard’s prey significantly overlaps 
with that of the dogs, while the prey of 
the tiger does not; competition for similar 
food may thus lead dholes to drive away 
leopards from their home range. In order 
to strengthen his own viewpoint, Venkata¬ 
raman argues against this hypothesis rather 
convincingly. He shows that not only is 
there considerable overlap between the diets 
of the dhole-leopard, dhole-tiger and 
leopard-tiger pairs of carnivores, but the 
overlap is rather similar for the three pairs. 
Further support^ against the hypothesis 
comes from yet another interesting angle. 
Although leopards and dholes compete for 
similar-sized prey, there appears to be a 
niche-partitioning between the two predators 


based on the age- and sex-differences of 
the prey species. Thus, the dogs appeared 
to prey more on fawns or aged chital 
individuals; there was no such age-based 
selection by leopards. Moreover, dholes 
had a preference for male chital which 
the leopard did not. In conclusion, one 
important reason why dholes do live in 
large packs may therefore be to deter 
predation by leopards - surely a refreshing 
change from our familiar everyday dog- 
chase-cat situation! 

The excitement of academic progress 
in any field of study can be easily judged 
from the gamut of refreshing ideas that 
challenge earlier theories and open up 
new avenues of research. Venkataraman’s 
study is a valuable addition to studies 
on the behavioural ecology of social carni¬ 
vores. Can other ideas be envisaged as 
one observes a pack of wild dogs mobbing 
a leopard that has been driven up a tree? 
Do all individuals participate in these 
attacks with equal enthusiasm? Are there 
dogs who cheat the rest of the pack by 
slinking away and leave the risky task 
of taking on the leopard’s might to others? 
If indeed some individuals do so, are the 
other members of the group aware of 
them? Is there retribution for such cheat¬ 
ing? Or do individuals move away boldly 
and are not punished since they serve 
the pack in other ways-by being good 
hunters or able' defenders of the pups? 

We now move away from a scenario 
where genetically related animals in a 
pack gain indirect fitness by helping one 
another. Is it possible that the dogs may 


potentially further their own individual 
fitness by displaying before each other 
their prowess in challenging a formidable 
adversary (V. Nanjundiah, pers. com- 
mun.)? Could this be a testing ground 
where individuals evaluate each other’s 
strengths and capabilities as they plan 
future coalitions, challenges to the existing 
dominance hierarchy or even the choosing 
of mates? There is now increasing evidence 
that in many social systems such as those 
of carnivores and primates, individuals 
may be more aware of each other’s strengths 
and weaknesses than was previously 
believed. In a recent study on African 
lions, for example, it has been shown that 
in coalitions of two individuals setting out 
to defend their territory from invading 
foreign animals, the more active individuals 
evaluate and appear to be aware of certain 
companions who persistently lag behind 
during such risky operations^. 

But given its scope and the fact that 
such detailed studies on the behavioural 
ecology of Indian wildlife are rare, there 
is no doubt that Venkataraman’s study 
should provide a number of exciting answers 
in the years to come. 
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Some remarks on random numbers 


K, R. Parthasarathy 

It is shown that the number of k-peaks in a sequence of n random numbers and the time at 
which a k-peak occurs for the nth time in an infinite sequence of random numbers are 
asymptotically normally distributed. Exact expressions for their means and variances are 
evaluated. 


In his twenty-first convocation address ‘Uncertainty, 
randomness and creativity’ delivered at the Indian Statis¬ 
tical Institute, Calcutta on 5th March 1987, C. R. Rao‘ 
brings to our attention, in his characteristic style, an 
attractive feature of random numbers: 

‘It is an interesting property of random numbers that, 
like the Hindu concept of God, it is patternless and yet 
has all the patterns in it. That is, if we go on generating 
strictly random numbers we will encounter any given 
pattern sometime or other. Thus, if we go on tossing 
a coin, we should not be surprised if 1000 heads appear 
in successive tosses at some stage. So we have the 
proverbial monkey which, if allowed to type conti¬ 
nuously, can produce the entire works of Shakespeare 
in a finite though a long period of time. ...’ 

Continuing in this vein he deals with the following 
example: 

‘It is found that population sizes of a large variety 
of animals exhibit roughly a three-year cycle, i.e., the 
average time that elapses between two successive peak 
years of population size is about three years. (A peak 
year is defined as a year in which there are more 
animals than in the immediately preceding and imme¬ 
diately succeeding years.) The ubiquity of such a 
phenomenon led some to believe that perhaps a new 
law of nature has been uncovered. The belief was dealt 
a mortal blow when it was noted that if one plots 
random numbers at equidistant points, the average dis¬ 
tance between peaks approaches 3 as the series of 
numbers gets large. In fact, such a property is easily 
demonstrable by using the fact that the probability of 
the middle number being larger than the others in a 
set of 3 random numbers is This gives an average 
distance of 3 years between the peaks.’ 

Here we elaborate on these comments by presenting 
a more detailed but elementary analysis of the frequency 
of occurrence of peaks (of arbitrary order) in a sequence 
n=l,2,... of independent and identically dis- 


K. R. Parthasarathy is at the Indian Statistical Institute, 7, S. J. S. 
Sansanwal Marg, New Delhi 110 016, India. 


tributed random variables with a continuous distribution 
function F(x). We may and do, without loss of generality, 
assume that is uniformly distributed in the interval 
[0, 1]. This can always be achieved by considering the 
transformed sequence {F(^J}. We would consider this 
as a good pedagogical illustration of the individual 
ergodic theorem of Birkhoff and the central limit theorem 
for an m-dependent stationary sequence of random vari¬ 
ables”. 

Say that a time point /2 is a ^-peak for the sequence 
^j, ^ 2 ’ • • • ^he event 

^n-V ^n+l’ S„ + 2< • • • > + 

occurs. Clearly the probability of is given by 

= (2) 

For this is ~ as mentioned earlier. 

Denote by S the shift transformation defined by 
= + p /i=l,2,.... The distribution of the i.i.d 

sequence • is invariant and ergodic under S. For 

any event E denoted by 1^ its indicator which assumes 
the value 1 if occurs and 0 otherwise. Then 


= U oS+l, oS~+...+ \^ oS^-‘ (3) 

is the number of k-peaks in the finite length sequence 
£,, • • •» ^n+ 2 k • i'irst likely k-peak in this 

sequence cannot be before the time k + 1 and similarly 
the last likely k-peak cannot be after the time n + k. It 
now follows from the individual ergodic theorem of 
Birkhoff that 


n 


lim 




1 


a.s. 


(4) 


n-^oo n 2k+1 
In other words the proportion of tne number of k-peaks 
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in a sequence of n + 2k random numbers converges 
almost surely to l/(2^+l) as n-^oo. 

We shall now evaluate the variance of First 
observe that 1^ and 1^ are independent random vari¬ 
ables whenever' 1^—rl>’2L The covariance between 
1^ and depends only on s — r (and k which is 
fixed)., The 'variance of is 


sir 


The following table gives the values of 1 </: < 5 

k I 2 3 4 5 

0.21082 0.16997 0.14517 0.12858 0.11655 

By the central limit theorem for an m-dependent 
stationary sequence of random variables (see for example 
Theorem 19.2.1, ref. 2) we now conclude that 


2k +1 


=>//( 0 , 1 ), ( 10 ) 


var(rt ,) = 


2nk 

{2k + 1)- 


+ 2 («-r)cov(l^ ,1^ ), (5) 

\<r^2k 

where ‘var’ denotes variance, and ‘cov’ the covariance. 
If 1 < r < I: it is clear that n = (j). 


For k<r<2k we have 


*+1 *+r+l 


if 1 < r S k, (6) 


as n oo, where denotes weak convergence and 
A^(0, 1) denotes the standard normal distribution with 
density function (271)"^ exp - It may be noted that 
for large k, is approximately 

{ 2^ log f - i)} = 0.38824(2^ + l)-*^ . 

Denote by the time at which the mth ^-peak 
occurs. Then 


^ + If +. .. + 1^ < m) 

t+l 1 + 2 it + « 

= 2 m) 


J 

II 

> max(^j, ^2,... 


* • ’ ’ 


^k+r+l 

> max(^^^,, ^^2- • 

■ • » ^r4-jt+2» • 

* • » ^rl-2Jt+l)) » 

< 


^ 2A:+1 


< m 


= 2 J x^y'‘~^ dx dy 


Putting 


(2k+l)(2r+1) ’ 

where a denotes minimum. Substituting (6) and (7) in 
(5) we conclude that 

^ ^ - 2nk 2k 

^ itTT 


2k + I " 2k + r+ I 

r=k+l 


This implies 


lim — var (71 J 
n 


(2A:4-1) 


ZK 

X 2A: + 1 — r 2 

= say. 


^ 2k+\+r 

r = Jt+ I 


^ 2yt+l j/ ' 
and solving for n we get 

n - {2k + \ f/A {2c^d[+[Am/{2k+ 1 )] 

-2aa/a^c^ + [4ffz/(2A:+ 1)])'^^}. 

From (10) and (11) we now conclude that 

( t .,-m(2/fc+l) ■) 1 7 a, 

J™ ^ 4[a,{2k+ ^ ^ • 

V. ^ y 

In other words 

r— (x„, /m) -2k+l 

^ a.(2tt ir ^ 

as m -> oo. Roughly speaking the average length of the 
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time interval between the two successive /:-peaks is 
2k+1. When k=l this is 3 as pointed out in the 
beginning. 

It is not difficult to see that the joint law of 



( 1 



Im 

— - 2J+1 

[ m ^ J 

, j = 1,2,.. 

. , k 


converges to a /:-dimensional normal distribution with 
a nondiagonal covariance matrix as The 


asymptotic results (10) and (12) provide a series of 
large sample tests for testing the hypothesis that a 
sequence of numbers is random. 


1. Rao, C. R., Uncertainty, Randomness and Creativity, 21st convocation 
address, Indian Statistical Institute, Calcutta, 1987. 

2. Ibragimov, 1. A. and Linnik, Yu. V., Independent and Stationary 
Sequences of Random Variables, Wolters-Noordhoff Publishing, 
Groningen, 1971, pp. 369-370. 


Biodiversity conservation information 
network: A concept plan 

C. P. Geevan 


A network that ensures the availability of reliable, up-to-date environmental information is 
necessary to realize the objectives set out in Convention on Biodiversity (now a treaty) that 
followed from the Earth Summit at Rio, June 1992, The task of building a nature conservation 
information network should, therefore, be considered an important part of the biodiversity 
conservation agenda. This paper presents an outline of an hypothetical information network, 
designated as Conservation Information Network (CiNet), to meet requirements of bioresources 
conservation, mapping, inventorying and monitoring on a large scale. The dataflow framework 


presented takes into account the existing data 

Background 

The Convention on Biological Diversity (CBD) that 
emerged from the United Nations Conference on En¬ 
vironment and Development (UNCED) or the Earth 
Summit at Rio de Janeiro, in June 1992 is now a treaty. 
The CBD covers almost every aspect of biodiversity 
conservation. Article 17 of CBD concerns exchange of 
information. However, it does not lay down any opera¬ 
tional framework for achieving information exchange. 
Nevertheless, an information network that ensures the 
availability of reliable, up-to-date environmental infor¬ 
mation is necessary to realize the objectives set out in 
CBD. The existing information systems are considered 
to be inadequate to meet these challenges\ 

The task of building a nature conservation information 
network should, therefore, be considered an important 
part of the conservation agenda. This paper presents an 
outline of an information network to meet requirements 
of bioresources mapping, inventorying and monitoring 
programme. The hypothetical network is designated as 
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networks in India. 

Conservation Information Network (CiNet). The dataflow 
framework is presented taking into account the ready 
availability of well-developed data networks in India 
and the CiNet is conceptualized as an overlay network 
riding over the existing networks. 

Special interest groups on global networks 

Computer networking has gone beyond setting up data 
links to creating information highways over which or¬ 
ganizations and individuals are connected across the 
globe. The nature conservation efforts need to take 
advantage of these developments in information tech¬ 
nology and create a niche for itself in the cyberspace. 
There are several important initiatives in this direction 
such as the INFOTERRA of the United Nations En¬ 
vironment Programme (UNEP) consisting of 170 national 
nodal points coordinated from the UNEP headquarters 
at Nairobi, the Environmental Resources Information 
Network (ERIN) in Australia with a biodiversity infor¬ 
mation system designed to meet the changing user needs, 
the Bio-diversity Information Network (BIN21) dedicated 
to the CBD with its secretariat at the Tropical Database 
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in Brazil, the Long-term Ecological Research Network 
(LTER) based in the University of Washington and the 
projects in Capacity Building for Biodiversity Information 
Management begun by World Conservation Monitoring 
Centre (WCMC) based in the United Kingdom and the 
BioNET-International proposed by CAB International to 
pool the global resources in biosystematics. With the 
assistance from the United Nations Development 
Programme (UNDP) under CAPACITY 21, a large num¬ 
ber of Sustainable Development Networks are also ex¬ 
pected to be set up. 

The capacity building project of WCMC is supported 
by the European Union and allows it to carry out the 
strategic development work as well as testing of net¬ 
working and other cooperative approaches for biodiver¬ 
sity information management. BioNET-International is 
a Global Technical Cooperation Network of institutions 
and people concerned with biosystematics of invertebrates 
and microorganisms. The goal of this network, as stated, 
is the mobilization and enhancement of the world’s 
biosystematic resources for the benefit of developing 
countries. BioNET will build and sustain biosystematic 
self-reliance in developing sub-regions and provide the 
biosystematic backup to biodiversity. 

Several special interest groups and networks (SIGN) 
dedicated to biodiversity conservation have sprouted up 
all over the global computer network. These SIGNs 
provide various facilities to users. Some of these are 
available to the email subscribers to the list. Subscribers 
usually join a list by sending an email with requisite 
information to the listserver or the master of the list. 
The user’s name, email address and other information 
are then added to the email database maintained by the 
SIGN. 

Biodiversity information net^vorks in India: 
current status 

There are a large number of Non-Government Organiza¬ 
tions (NGO) and research organizations involved in 
conservation-related activities and research. India is not 
only rich in biodiversity, but can also boast of a large 
baseline information on this wealth. The repositories of 
this information are numerous and diverse, with some 
of the agencies being more than a century old. Invaluable 
information exists in a variety of forms: as specimens, 
field notes, reports and various kinds of computerized 
data. 

Despite dramatic developments in information tech¬ 
nology and quantum leaps in telecom facilities, the 
conservation efforts in India are yet to make the best 
use of the options available fcr information exchange, 
barring a few exceptions. The recent discussions on the 
mechanisms and scope of the information base for 
biodiversity conservation in India\ is an indication of 
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this realization. The information networks for biological 
conservation are at a formative stage, the front runner 
being the network initiative of the Foundation for 
Revitalization of Local Health Traditions (FRLHT). 

The well-esjablished and nationwide biological infor¬ 
mation network is the Bio-Technology Information Sys¬ 
tem (BTIS) consisting of the Distributed Information 
Centres of the Department of Biotechnology supported 
by NICNET—the computer network of the National 
Informatics Centre (NIC). Another biological information 
service available is the access to the Medical Literature 
Analysis and Retrieval System (MEDLARS) over NIC- 
NET, provided to select institutions by NIC. The different 
institutions with access to MEDLARS do not, however, 
exist as inter-connected nodes. 

Although FRLHT has taken an initiative in creating 
the Indian Medicinal Plants National Network of Dis¬ 
tributed Databases (INMEDPLAN), it falls short of the 
larger needs of networking the conservation activity and 
bioresources mapping. This can only be met by the 
‘inter-networking’ of several networks such as 
INMEDPLAN, BTIS and those in the offing like the 
Biodiversity Information System (BIS) of the Indira 
Gandhi Conservation Monitoring Centre (IGCMC) esta¬ 
blished by the World Wide Fund for Nature (WWF) 
and the Environmental Resources Information System 
(ERIS) being devised at Wildlife Institute of India (WII). 
The IGCMC proposals, unlike that of FRLHT, appear 
to favour an over-centralized system, rather than a true 
network of several fully autonomous, distributed infor¬ 
mation systems. 

The INMEDPLAN is a network of organizations in¬ 
volved in identifying, documenting and reviving folk 
and traditional health systems and in the inventorying 
of medicinal plants. FRLHT has also attempted to bring 
about some sort of standardization in data compilation 
formats. A large number of organizations are also invol¬ 
ved in the consultative process of standardization. 

Although, the BTIS does not have conservation 
priorities, it provides rapid access to a wide variety of 
biological databases, besides those related to biotech¬ 
nology. Moreover, considering the role that molecular 
biology and DNA fingerprinting are destined to play in 
biodiversity inventorying and monitoring, it is important 
to bring BTIS within the ambit of conservation network. 

A recent study of biological databases available in 
India indicates that the majority of these are developed 
under BTIS^. Although the study does not appear to 
have examined the information resources available at 
reputed ecological research institutions, its overall con¬ 
clusion that the contribution from sources other than 
BTIS is marginal, may have some validity. The same 
study also notes that the use of the available databases 
is restricted due to lack of electronic data transfer facility 
and networking. The BTIS users make use of NIC’s 
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satellite-based network for data communication. How¬ 
ever, BTIS does not function as a true on-line computer 
network due to certain limitations imposed by NICNET. 

Both ERISAVII and BIS/IGCMCAVWF are at an early 
developmental stage. It is important that the originators 
of these information systems lay down some long term 
networking and standardization goals as part of the 
design and development activity. What needs to be 
clearly recognized is that the highly centralized infor¬ 
mation systems relying on high performance computers 
are a thing of the past and the future belongs to 
inter-networking of special interest groups. With a highly 
decentralized and participatory approach to conservation, 
it becomes all the more important to anticipate the need 
for a truly extensive data network and take into account 
the multiplicity of end-user needs. 

As important as access to information or even more, 
is the access to people and person-to-person communica¬ 
tion on the network. It is such communication that 
makes the network come alive. The conservation effort 
in India, has an overwhelming need to create such a 
‘live’ network, particularly because, informal networks 
of people and organizations exist and have been able 
to open up large areas of co-operative endeavour. 

Information sharing: some contentious issues 

The CBD introduces new elements into the ticklish 
question of information sharing across political boun¬ 
daries. Even where national boundaries are not involved, 
there are many important matters of protocol and copyrights 
as well as the rights of local communities that need to 
be addressed for the network to be operational. However, 
it is better to take on the bull by its horns. 

It has been argued, albeit with good intentions, that 
electronic exchange of biodiversity information will open 
a Pandora’s box of possible infringements of national 
rights over genetic resources caused by information flow 
over global networks. Other contentious issues relate to 
intellectual property rights (IPRs) and cultural heritage 
rights in the context of CBD. 

There is a view that until and unless these issues are 
fully resolved, it will be rather premature to think of 
electronic networks. However, what needs to be taken 
note of is that most of the information that may be 
available on these networks will in case be published 
sooner or later in journals. Publication of findings perse 
cannot be and should not be stopped, irrespective of 
the media used. Once published in journals, anyone 
around the globe can put that information out on a 
network. Thus, any blanket ban on information transfers 
on network cannot make sense today, when scientific 
journals are being available on CD-ROMs and almost 
every important journal is providing back issues as 
CD-ROM volumes. 

908 


It needs to be noted that in countries where the IPRs 
are enforced, rather stridently, that has not become a 
damper to information flow on networks. These services 
are being made use of in India, too, by scientists at 
research institutes in physical sciences and molecular 
biology as well as by the software developers. The IPR 
issues need not be a detriment to the emergence of 
CiNet. Besides, the network will only allow access to 
information that is open to public. It does not permit 
anyone to access any kind of information; all access 
being subject to the restrictions imposed by the network 
administrators. 

The CiNet 

The goal of CiNet is to create a voluntary, on-line ‘live 
wire’ network of researchers, government officials, 
ecosystem managers, executive decision makers, NGOs 
and local communities for biological conservation and 
sustainable development in India. It must be based on 
best available, cost-effective technologies and workable 
administrative arrangements. Instead of setting out to 
make large investments in infrastructure building, the 
network must make the best use of available facilities 
and function on a cost-sharing, no-profit-no-loss basis. 
To cut costs, the existing networks and access providers 
can be made active participants in this process. 

The CiNet must play the following two roles: a) 
organize a loose network of organizations interested in 
conservation and b) establish a well-coordinated data 
network with features and functions similar to the special 
interest computer networks that exist elsewhere in the 
world. 

The CiNet can succeed only by cooperating with other 
initiatives and by assuming an inter-networking role. 
The necessary administrative and technical protocols can 
be worked out to ensure meaningful cooperation and 
active collaboration among such organizations. The net¬ 
work must provide mechanisms at different levels for 
free information flow between these numerous organiza¬ 
tions and between networks. The conceptual framework 
articulated here attempts to address the data flow chal¬ 
lenges of the ‘massive, decentralized’ bioresources map¬ 
ping exercise with the active participation of people, 
suggested by Madhav GadgiP. He contemplates a ‘nation¬ 
wide village level programme of mapping of natural 
and man-made habitats on the scale of a hectare or so’. 
The Panchayat Level Bio-Resources Mapping 
Programme, that he advances, involves teams of ‘bare¬ 
foot ecologists’ under the guidance of taxonomic experts 
and are referred to here as Bio-Resources Mapping 
Teams (BMT). 

The proposed CiNet consists of a network of Dis¬ 
tributed Biodiversity Information Centres (DBIC) for 
data compilation, information processing and dissemi- 
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nation services assisted by several Field Studies Units 
(FSU) and BMTs. Selected institutions active in ecologi¬ 
cal research and willing to assist the CiNet activities 
could act as Associate Resource Centre (ARC) for the 
DBIC. These ARCs will also function as value adding 
nodes on the CiNet. The ARCs are expected to ‘add 
value’ by way of analysis and critical evaluation of the 
data as well as assist the BMTs. The data flow framework 
of the network is given in Figures 1 and 2. 

The distributed information systems can be networked 
via land and satellite links making use of the telecom¬ 
munication facilities and datalinks already available in 
India. The CiNet National Centre (CNC) can also provide 
decision support services to the Ministry of Environment 
& Forests, Government of India (MoEF) and other 
governmental agencies. The CNC will also be responsible 
for the overall co-ordination and technical support for 
the CiNet. In addition, the CNC will also carry out 
appropriate clearing house functions as the information 
travels across the network. The clearing house 
mechanisms will ensure reliability of the network and 
enforce quality control and validation checks on the 


data that is added to the central databases. The CNC 
must, therefore, have a technical secretariat for its clear¬ 
ing house functions. Ideally, the CNC could be located 
at a site where the best facilities and expertise in 
information technology as well as bioresources mapping, 
inventorying and monitoring are available. 

The user community 

The end users of the network are envisaged at different 
levels of decision making and management: 

a) Macrolevel executive decision makers, national policy 
makers, planners, national institutions, national level 
NGOs such as WWF (India), inter-governmental orga¬ 
nizations under United Nations, international develop¬ 
ment agencies and international institutions for the 
implementation of the CBD. 

b) Decision makers, policy makers, managers, scientists, 
NGOs and individuals at the state, district and community 
levels. 

c) Microlevel planners, community organizations and 
grass root level NGOs. 
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Figure 1. The logical CiNet with links to existing networks. ARI, Agricultural Research Institutions; CNC, CiNet National Centre; CSGA, 
Central and State Government Agencies; DBIC, Distributed Bioresources Information Centre of CiNet; DBT, Department of Biotechnology, 
Government of India; DST, Department of Science and Technology, Government of India; ERI, Educational and Research Institutions; MOEf! 
Ministry of Environment and Forests, Government of India; User Nodes, See Figure 2. 
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Figure 2. The logical network at a Distributed Bioresources Information Centre (DBIC). ARC, Associated Resource Centre; BMT, Bioresources 
Mapping Team; CNC, CiNet National Centre; CPRC, Common Property Resources Centre; DBIC, Distributed Information Centres of CiNet; 
EPCA, Environmental Protection/Conservation Authorities; FSU, Field Studies Unit; NGO, Non-Govemmental (non-profit) Organizations; R&DI, 
R&D Institution; TPCO, Traditional People’s Community Organization; TMC, Traditional Medicine Centre. 


The CiNet can help the larger goals of biodiversity 
conservation by addressing the information needs of: 

® protected area management 

• short and long term ecological studies 

• socio-economic studies and development programmes 

• community-based development programmes 

• adapting and improving the traditional methods of 
resource use 

• local communities and bioresources mapping program¬ 
mes. 

The CiNet databases 

Some of the major databases that must be organized 
under the CiNet are: 
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a) Data on the flora and fauna of India, with taxonomic 
details and information relevant for conservation of 
biodiversity. 

b) Environmental impact and status data.. 

c) Sustainable resource use potential and practices; sus¬ 
tainable technological options; socio-economic profiles 
of sustainable resource use. 

d) Hydrologic and agro-climatic and meteorological data. 

e) Institutions, experts, resource persons and NGOs with 
information on area of specialization,^ infrastructure 
facilities, experience and catalogue information on educa¬ 
tional software (printed materials and audio-visuals). 

f) Bibliographic data extracted from on-line databases 
and those compiled from Indian publications not covered 
by international bibliographic services. 

g) Metadatabases on information sources, specimen and 
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herbarium collections, map archives and photo/audio¬ 
visual libraries. 

h) Socio-economic and demographic data relevant to 
ecosystem management and conservation. 

Standards 

The most important question that the network builders 
need to recognize and deal with is that of data standards. 
Certain standardization process is already on. However, 
a lot more remains to be done. Considering the large 
amount of information available in different forms, draw¬ 
ing up standards is an urgent need. 

Some of the entities that must be accorded high 
priority for standardization (in alphabetical order) are; 

• Abundance codes for trends and status. 

• Bibliographic formats. 

• Biodiversity mapping grid identification codes relating 
it to survey of India toposheets. 

• Biogeographic site descriptors. 

• Biosystematics. 

• Conservation status descriptors for different levels of 
taxa. 

• Degradation/disturbed area classification. 

• Descriptors of anthropogenic pressures on ecosystems. 

• Directory of castes and tribes based on the data from 
Anthropological Survey of India’s Peoples of India 
Project. 

• Distribution classes associated with different taxonomic 
levels. 

• Ecological classification/habitat types and classes. 

• Faunal and floral attributes or a simplified taxa identi¬ 
fication key system. 

• Landuse-related descriptors. 

• Location identity/site codes. 

• Macro- and micro-climate types. 

• Resource use-related descriptors. 

• Soil-related descriptors. 

• Species-species relationships/associations. 

• Water: Nutrient and water quality-related indices. 

Geographical information system (GIS) and 
biodiversity maps 

The CNC must be equipped with state-of-the-art work¬ 
station-based GIS facilities while at each DBIC, either 
a middle or entry level based GIS facility that can be 
run on a personal computer must be established or 
arrangements must be made for sharing GIS resources 
with a well-equipped ARC. The GIS makes it possible 
to make use of computers for the analysis of spatial 
data. The spatial data such as maps are first converted 
into computer readable form. This is achieved using 
hardware such as scanner or digitizer. GIS can also 
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make use of satellite imageries and compare such images 
taken at different times. It is also possible to overlay 
these computerized maps with information collected from 
ecological surveys by the FSUs. The data residing on 
well-structured databases can also be incorporated into 
the GIS to produce spatial representation and visualiza¬ 
tion of such data. It is also possible to undertake 
substantive statistical analysis of the spatially aggregated 
data. 

The GIS facilities at the DBIC must provide facilities 
for updates and retrievals of spatial data for use by the 
FSUs. Therefore, besides computer systems, requisite 
input/output and display devices like large high resolution 
colour video display units, digitizers, scanners and colour 
printers need to be installed at the DBICs. These facilities 
only need to be added to the DBICs in a phased manner 
keeping in step with the growth of the bioresources 
mapping programme. 

CiNet needs to work towards developing a comprehen¬ 
sive GIS-based bioresources map library and make it 
available on-line to the CiNet users. Since the spatial 
scales envisaged for the biodiversity map grids under 
the bioresources mapping programme is of the order of 
1 to 10 hectare grids, the map libraries must organize 
spatial data on maps of very large scale. In practice, 
it will be difficult to organize map libraries for 1 hectare 
grids and it may be necessary to opt for larger biodiversity 
mapping grids of nearly 1000 hectares. 

Information-sharing mechanisms 

The major databases of CiNet must be organized using 
database management system technologies that conform 
to industry standards. It is desirable that the large central 
databases of CiNet are well-structured based on relational 
database management concepts. Such well-structured 
databases can be used to hold the authenticated baseline 
data, with a bare minimum of essential details. It is 
also necessary to develop multimedia databases that can 
include text, pictures and sound. These databases will 
reside on servers providing access to data in several 
ways. However, as pointed out earlier, information on 
computers is not organized merely as well-structured 
databases; there is certainly a lot more to information 
sharing via networks, than databases. Besides well-struc¬ 
tured databases, information needs of the network users 
have to be met in several other ways as well. A recent 
workshop that examined the linking mechanisms for 
BIN21 concluded that the best approach was for it to 
function as a SIGN having several participating nodes 
with web servers'^. 

Typically, the information on a network will consist 
of non-database entities such as documents, graphic 
objects, messages, news bulletins, reports on new find¬ 
ings, electronic journals, file archives, and large amounts 
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of information organized in a hypertext format. The 
network has to provide nodes with servers that can 
provide a host of services available on the Internet, 
which is a ‘network of networks’ linking computers all 
over the globe. The CiNet can be built by creating an 
exclusive network of members or by becoming a part 
of the global Internet community. The later option is 
cost effective and it is possible to make use of the 
Internet connectivity in collaboration with the Education 
and Research Network (ERNET) project. The ERNET 
infrastructure can be augmented to meet the needs of 
CiNet. It must be noted that the users will have varying 
degrees of difficulty in network access. Therefore, a 
host of linking mechanisms, that allow connectivity by 
means of low speed dialup telephone lines as well as 
high speed links over leased telephone lines, satellite 
links and public data networks, must be made available 
to the CiNet users. 

The networks on Internet maintain mail lists, news 
bulletin boards, special interest groups, file archives and 
help individuals find the right information or the right 
contact. The main Internet tools are Gopher, World 
Wide Web (WWW) and the Wide Area Information 
Server (WAIS), The information available on Gopher 
servers are limited to text. Gopher organizes information 
in a hierarchical menu-based system, analogous to the 
table of contents of a book. The WWW uses hypertext 
links to connect together pieces of information contained 
in documents located at different nodes. The information 
in the documents is organized using the HyperText 
Markup Language (html). Files are transferred using the 
HyperText Transfer Protocol (http) and the File Transfer 
Protocol (ftp). The WAIS is a client-server tool that 
can be used to search and retrieve files, based on full 
test indexing of the contents or titles. 

These Internet services can be organized on a cost¬ 
sharing basis with the major initiative coming from a 
large organization or university. The network must pro¬ 
vide all or some of these facilities, besides off-line 
email. The CNC and each DBIC must set up a WWW 
or Gopher. The CNC need to operate listservers and 
bulletin boards. The CNC also need to provide access 
to major databases. The DBIC must provide user access 
to on-line searches on the databases located at any of 
the DBIC or CNC. - 

It is important that besides email, CiNet users have 
access to Internet services such as ftpmail^and mail- 
gopher. The DOS or Windows-based PCs connected to 
the DBICs using modems can be provided sht\\ accounts 
on the servers at the DBIC. Those nodes which can be 
connected to the DBIC servers using high speed links 
or leased telephone lines can make use of the services 
such as Gopher, WWW or WAIS. Each of the BMT, 
FSU or ARC must have at least email access, and if 
possible other facilities based on TCP/IP. The TCP/IP 


(Transmission Control Protocol/Internet Protocol) is a 
way of packaging data for easy movement between 
many different computer systems. It consists of a col¬ 
lection of search, retrieval and communications utilities. 
Personal computers running DOS/Windows can make 
use of the network services by means of either the 
Serial Line Internet Protocol (SLIP) or the Point-to-Poinf 
Protocol (PPP) with the TCP/IP stack up and running 
on the PC, provided the DBICs offer SLIP or PPP 
accounts on the servers. 

To facilitate network connectivity there are certain 
software and hardware needs. To enable simple email 
facility for a CiNet user equipped with a PC, all that 
is needed is a mail service account on the DBIC server, 
a telephone, a modem and a communication software 
loaded on the PC to enable terminal emulation after 
getting connected to the DBIC server. The DBICs, also 
need to have facilities for remote users to login via 
telephone lines and must therefore have the DBIC server 
also connected to the telephone lines through modem. 
The modem speeds in this can be even as low as 300 
bits per second (bps) and faster modems can be used 
where higher speeds can be attained. The computer at 
the user end can also be a multi-user system running 
UNIX. If only a dialup link with the DBIC is possible, 
then an UUCP (Unix-to-Unix Copy) account can be 
created on the DBIC server to transfer email as a fully 
automated service. 

If the user has access to better communication facilities 
such as the X.25 based connection or a leased high 
speed telephone line to a DBIC server, and the computer 
system at the user end is multiuser running any port 
of System V Release 4 UNIX complete with X/Windows 
Graphical User Interface and TCP/IP, then all the network 
services can be made use of. Email can be transferred 
using the Simple Mail Transfer Protocol (SMTP) rather 
than UUCP. Several other facilities such as FTP and 
TELNET for remote login to the CiNet servers will 
also become possible. A high speed modem is needed 
because if the user is to make the best use of network 
services, connectivity must be achieved at speeds of 
14.4 kbps or above. Otherwise the network access can 
become very tiresome. High speed modems and interface 
cards are required at both ends. 

Software support is needed by way of the communica¬ 
tion protocols (TCP/IP and SLIP or PPP). Both the PC 
at the user’s end of the CiNet and the DBIC server of 
the CiNet must be running either SLIP or PPP as well 
as the versatile TCP/IP. With the software and hardware 
(interface cards on the computers and the modems) in 
place, the user will have full access to all the public 
information resources on the CiNet as well as Internet, 
assuming that CiNet has full Internet connectivity. 

The field units which are the key to the biodiversity 
mapping programmes also need to remain ‘online’ with 
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the DBICs. Very often the FSUs may be conducting 
surveys in remote locations with no possibility of access 
to telephone links. It is, indeed, possible to resort to 
wireless data transmission to access the nearest DBIC 
when such a need arise. There are, of course, certain 
legalities to be sorted out in order to realize this 
technical possibility because of the restrictions imposed 
by the laws governing wireless communication. Some¬ 
time in the near future, mobile telephones that can 
be used from any geographical location will be avail¬ 
able. The costs of such systems may, indeed, be rather 
high at the introductory stage. When the use of such 
devices becomes more widespread and cheap, the 
FSUs can use it for establishing dialup links with the 
DBICs. 


Communication options 

The CiNet is conceived as a loose network of organiza¬ 
tions that can share information on a cost-sharing basis. 
It can make use of the different computer networks 
available such as the satellite-based NICNET services 
using Very Small Aperture Terminals (VSAT) and the 
ERNET services based primarily on terrestrial dial up 
links. ERNET, too, is expected to provide access via 
VSAT soon. 

There is no need to go through the whole cycle of 
developing networks and physical links, since the network 
can be developed using the data communication facilities 
available in the public and private sectors. In a national 
context where many data networks already exist, the 
feasible low investment proposition is to make the best 
use of existing network infrastructures on a cost-sharing 
basis and let the CiNet ‘evolve’ on its own as the 
activity increases. ERNET with its vast experience in 
networking, can possibly play a pivotal role in esta¬ 
blishing the required network facilities and CiNet can 
ride over the ERNET. 

There are, indeed, several communication options avail¬ 
able. Depending on what is appropriate at each level 
of the data flow, the best option has to be exercised. 
The national network of DBICs and the CNC that make 
up the CiNet need to be linked by high speed links. 
The VSAT based links is a reliable option. Another 
possible option is to go in for the INET facilities offered 
by the Department of Telecommunications (DOT) which 
allows X.25 based communications. The X.25 is the 
name for a widely used network layer protocol described 
by the International Standards Organization (ISO) and 
the International Telegraph and Telephone Consultative 
Committee (CCITT). 

The wide area network (WAN) services can be 
implemented by establishing permanent physical con¬ 
nections using dedicated lines or private lines, by circuit- 
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switched physical connections based on dialup links and 
by demand digital service based on packet switching. 
A network of networks, typically, uses packet-switching 
methods. Rather than trying to establish a dedicated 
communication line between two computers located in 
the same or different network, which is rather clumsy 
when several computers are competing for connections, 
the inter-networking typically uses packet switching tech¬ 
niques. This is because packet-switching allows several 
computers to share communication links, by transmitting 
packets of information with an addressing system through 
the packet switching circuit. 

Packet-switching has in-built error detection and cor¬ 
rection mechanisms and provides dynamic re-routing of 
calls as well as interconnection of computers/terminals 
at different speeds. It will be far too expensive to build 
a private data network dedicated only to CiNet activity. 
The facilities provided by DOT on INET—a X.25 based 
Packet Switched Public Data Network—include per¬ 
manent point-to-point connection between two end users 
of the circuit or multipoint connections between more 
than two end users. 

Given the communication options available, the pros 
and cons need to be weighed carefully. While making 
the choice the following aspects are to be considered: 

a) The communication option must ensure high speed 
connectivity to major national and international networks, 
particularly the NICNET, ERNET and INTERNET. 

b) The communication link should not be prone to 
frequent breakdowns. 

c) The recurring costs must be kept low. 

d) The communication facility must support multiple 
protocols. 

As network service providers, particularly in the private 
sector, make their bid for a slice of the Indian cyberspace, 
more options will be available for networking and CiNet 
itself can possibly become a value-adding, financially 
self-sustaining service provider with its specialized in¬ 
formation resources. 


Conclusion 

The conservation of biodiversity is an enormously com¬ 
plicated and difficult task requiring information flow on 
an unprecedented scale. The conservation efforts need 
networking of individuals, organizations and information 
systems. Co-operation and collaboration on such a wide 
scale will be possible only with the support of an 
appropriate information network, such as the one 
presented here. The user demand, technical expertise 
and communication infrastructure for the creation of 
such a network exist in India and the network proposed 
here is envisaged as a self-sustaining one that is well 
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integrated into the existing data networks, particularly 
the rapidly expanding Internet community. 
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Earth’s core 

S. K. Saxena 

The new techniques of heating solids with a laser at ultra high pressure in a diamond-anvil 
cell are providing us with new data on equation of state properties of solid and molten iron. 
The new data on iron melting, which extends to a pressure of nearly 2 megabar (200 GPa), 
permits the thermodynamic extrapolation of the melting data to pressures corresponding to the 
centre of the earth. The new studies on iron have also prompted a search for new phases of 
iron possible at high pressure and temperature. The currently available data point to a rather 
simple compositional model of the core which is identical to the meteorite irons or stony-irons. 
The adiabatic temperature of the earth’s centre may lie between 5980 and 6680 K. 


Seismic data show that the earth’s core consists of an 
outer part which has all the properties of a liquid and 
an inner core which is solid (Figure 1). The core, 
reaching to a depth of nearly 2900 km from its centre 
stores a substantial part of the planet’s energy and, 
therefore, exercises significant influence on the dynamic 
processes in the mantle. From cosmochemical, geophysi- 
cal and geochemical considerations, the dominant species 
in the core has to be iron. Iron occurs in four solid 
structural states, namely, 5 (bcc), a (bcc), 7 (fee) and 
e (hep). The e (hep) is considered to constitute the bulk 
of the solid inner core. Although not experimentally 
shown but based on the available data on the compres¬ 
sibility of iron (e), it appears that iron by itself has a 
density higher than the density of the core^ Therefore, 
it has been suggested by many geochemists that some 
additional light elements (e.g. sulphur, oxygen, Si) are 
mixed with iron to form a lower density inner core and 
a lower melting liquid outer core^. 

To understand the state of the core, it is important 
that the thermodynamic properties of liquid and solid 
iron are determined. Recent developments in generating 
ultra-high pressures in diamond-anvil cells with laser 
heating have made it possible to study properties of 
material at the core pressures and temperatures. The 
purpose of this article is to report these technical develop- 


S. K. Saxena is in the Institute of Earth Sciences, Uppsala University, 
S-75236, Uppsala, Sweden. 


ments, the recent findings on iron and the status of our 
understanding of the earth’s core. 

Figure 2 shows a summary of the currently available 
experimental data, until the year 1993, on phase equi¬ 
librium relations obtained from static devices, i.e. tech¬ 
niques with in-situ heating of a sample under pressure 



Figure 1. Earth’s interior as determined by seismological data. The 
solid inner core with a radius of 1255 km is surrounded by a layer 
of molten iron with a shell thickness of ~ 2200 km reaching a depth 
of nearly 2900 km from the crust. The inner core density is close to 
13gcm”^ and its temperature is variously estimated as between 4000 
and 8000 K, 
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sustained over a period of time. The phase transition 
boundaries a-y, y-e and a-E meet at one point, the 
so-called triple point; at such pressure and temperature 
all the three forms of iron coexist in equilibrium. Recent 
theoretical study on iron properties at high pressure and 
high temperature by Anderson^ has shown that an experi¬ 
mental determination of the data on E-y phase transfor¬ 
mation and the E-y-melt triple point are particularly 
crucial in extending our currently available results to 
understand the state of the earth’s core. The argument 
is that the pressure-temperature of the triple point deter¬ 
mines the behaviour of the melting curve at high pres¬ 
sures. Thermodynamically, the pressure-temperature 
slope of the e-y phase equilibrium curve constrains the 
estimated enthalpy, entropy and other physical properties 
of the 8 phase which are largely unknown. With the 
availability of the equilibrium data on the £-y phase 
transformation, one may assess the thermodynamic 
properties of the 8 phase which in turn can be used in 
the estimation of the properties of the iron melt. 

A triple point, similar to the one shown in Figure 2, 
should exist for the coexisting y, £ and melt. All the 
available experimental data on the E-y transition (see 
Figure 2), appear to indicate that such a triple point 
would lie around 2700 K between 60 and 70 GPa. The 
problem is that Brown and McQueen"^ had located a 
solid-solid transition some years ago at 4400 ± 300 K 
at a pressure of 200 ± 2 GPa. As shown in Figure 2, 
this phase transition could not be the E-y transition. 
The triple point is located at too low a pressure for 
this to be possible. This apparent inconsistency between 
the sets of data led Boehler^ to conclude that there 
should exist a fifth iron phase. The existence of this 
phase is supposed to solve two problems; first it would 
explain the phase transformation recorded by Brown 
and McQueen in their shock-wave studies and second, 



Pressure/GPa 


Figure 2. Phase diagram of iron from the available data up to 1993. 
The various curves drawn do not include the new experimental data. 
The stability regions are shown for the four iron polymorphs: 5 (bcc), 
a (bcc), Y (fee) and e (hep). 
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by creating a third triple point, it would let the melting 
curve slope appropriately to fit the existing geophysical 
data. This led to the start of a search for a new phase 
of iron and the determination of the iron melting at 
pressures higher than that at the core/mantle boundary 
(130 GPa). Achieving such extreme pressures in the 
laboratory requires special techniques, for example, the 
laser heated diamond-anvil cell. 

The diamond-anvil cell experimental set up for generat¬ 
ing high pressure is discussed in several recent articles^. 
Here a brief, description specific to Uppsala Laboratory 
is given (Figure 3). The laser heating system most useful 
for such studies is the one developed by Boehler et 
alJ. The use of a high power Nd : YAG laser (e.g. the 
one by Coherent) operating in CW TEMoo mode at a 
wavelength of 1064 nm is required. The laser provides 
maximally 35 W of vertically polarized light with a 
feedback controlled stability better than 0.5% peak-to- 
peak. The high pressure requires the megabar diamond 
anvil cell developed by Jepheoat et al} for such ex¬ 
periments. To achieve real high pressures beyond 100 
GPa, one needs to use the standard Drukker type lA 
beveled diamond anvils with 0.30 mm diameter flat culet 
faces (Figure 4). For the pressure determination the 
calibrated pressure shift of ruby R1 fluorescent line is 
used^. A phase transformation is determined by visual 
observation of melting when possible and by plotting 
the laser power against the temperature. At the tempera¬ 
ture of phase transformation there is a distinct change 
in slope. The temperature is determined by spectro- 
radiometry. The 50 |-im in diameter slit of the 



Ar laser beam exciting 
njby fluorescence 


Figure 3. Experimental set up for the study of iron in a laser-heated 
diamond-anvil cell. 


corundum 

crustal 



Figure 4. The sample environment in the experiment on melting. 
The iron foil is cushioned with MgO powder with a corundum plate 
on the top. Ruby chips are used for pressure calibration. 
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spectrograph collects the radiation from an area of 
3 pm in width of the sample* A two-dimensional CCD 
detector is used to obtain temperatures measured over 
the entire length (30 pm) of the slit area. The temperature 
gradient over the central area (3 pm) is only a few 
degrees. The laser power fluctuations are minimized to 
a root mean square value <0.5% by using a laser power 
stabilizer. In the method suggested by Boehler et al? 
a ruby crystal is used on the top of the sample as an 
isolator and MgO powder at the bottom. The use of 
crystals eliminates the possibility of any significant 
reaction between the sample. In particular, at the sub¬ 
solidus temperature range of such study, reaction between 
the iron and the ruby is not a problem. An area of 
3 pm“ is sampled by the spectrograph to get one pressure 
value; this reduces errors in pressure determination result¬ 
ing from the presence of pressure gradient in the chamber. 
The pressure is determined at room temperature. Fol¬ 
lowing the discussion by Heinz^, a 7% decrease in the 
cold pressure may be made to account for the thermal 
pressure. Prior to measurement, a chosen spot is heated 
by laser to mechanically relax sample assemblage. The 
pressure usually drops up to 16% of the initial unrelaxed 
value. The pressure drop is almost linear and can be 
stabilized by repeated heating. The following problems 
are cited with the diamond-anvil cell experiments: i) 
reaction with the pressure medium and ii) temperature 
and pressure gradients. We dry the cell carefully. The 
corundum plate in contact with the iron does not show 
any visible reaction. Data on melting at high pressures 
show that corundum melts at higher temperature than 
iron at all pressures Studied. We measure temperature 
over an area of less than 3 jim where melting was 
observed directly at lower pressures. It is further ascer¬ 
tained by the change in slope on a plot of the laser 
power against temperature. At high pressures (above 40 
GPa) visual observations become difficult and then one 
must use the laser-power/temperature function and 
quench textures. Saxena et al}^ demonstrated the 
accuracy of the temperature measurements by melting 
several solids with known melting temperatures. 

In Figure 5 results of some recent experiments are 
displayed. The figure shows the stability of a new phase 
(called p by Saxena et and melting of iron to a 
pressure of 150 GPa by Saxena et al}^. Melting data 
are available to a pressure of nearly 200 GPa by Boehler^. 
The issue of the new phase is not fully resolved. It is 
likely that we have many additional structural modifica¬ 
tions of iron. To begin with it is possible that the phase 
transformation reported by Boehler and Saxena et al 
are for two different phases. In a recent study, by using 
the laser heated facilities at the Brookhaven National 
Laboratory synchrotron X-ray facilities, Saxena et al^^ 
found that the hep-iron (e) transforms to a dhep-iron 
(a four-layered hep structure) at about 35 to 40 GPa at 
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approximately 1500 K. This is certainly a confirmation 
of the possibility that we may have one or more yet 
unknown polymorphs of iron to be discovered. 

Saxena et al^^ used the new experimental data to 
obtain an internally consistent thermodynamic database 
with which to model the iron phase diagram and the 
core energetics. The newly generated data may then be 
used to calculate iron phase diagram. This combination 
of thermochemical and experimental data provides us with 
an estimation of temperature gradient in the earth’s core. 

Figure 6 shows the calculated phase transformations 
and melting in iron at pressures from 0 to 350 GPa. 
The extrapolation of the melting curve is done by 
calculating the melt compressibility as a function of 
temperature from the experimental data of Boehler and 
from this study (model 1). In such assessment of ther¬ 
modynamic data, we did not include the nearly 10 to 
15% error of pressure measurement possible when pres¬ 
sure exceeds 100 GPa (ref. 8). We generated a second 
model by permitting the melt compressibility to decrease 
at a higher rate at high temperatures by including the 
lower limits of the shock-wave data from Brown and 
McQueen"^ (see Figure 6). The high temperature melt 
data should be shifted to lower pressures by approxi¬ 
mately 10%, which is quite within the stipulated random 
errors in the pressure measurements from the ruby 
fluorescence^ On such a melting curve (model 2), there 
are two triple points; the first (melt-P-y) is located at 
2946 (±100)K and 76.5 (±4) GPa; the second is 
located at 4580 K and 216 GPa insuring that the shock- 
wave constraint on melting"^ is satisfied. If we use the 



Figure 5. The experimental data on iron phase transformation and 
melting generated at Uppsala. The open circles represent the melting 
temperature determined from either visual observation or using the 
laser-power/temperature slope change. The size of the circles represents 
the error in temperature due to laser fluctuation and statistical errors 
of fit. The solid circles represent that iron remained solid up to that 
temperature. The squares represent the e-g transition and the plus sign 
the new phase P-e transition. Crosses represent a phase transition 
which could not be labelled as either the p-y or e-y. 
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Figure 6. Iron phase diagram as calculated from the thermodynamic 
data from Saxena et al}K The dashed line represents an extrapolation 
of the melting curve (thermodynamically calculated) with no considera¬ 
tion of the data by Brown and McQueen"^ (labelled as B & M). The 
solid line represents the preferred model and includes the consideration 
of the latter data within the experimental errors of pressure determination. 

low-temperature limits of these data as found through 
model 1 which gives the second triple-point (melt-p-e) 
at 4015 K and 205 GPa. 

A model of the earth’s core should (a) explain why 
the inner core is solid and the outer core liquid, (b) 
must use a chemical composition which is consistent 
with cosmochemical data and (c) be similar in density 
to the seismic density. We note that the answer to the 
first problem lies in the special melting characteristics 
of iron associated with phase transformations and the 
location of the triple point £-P-melt. The calculated 
melting curves in Figure 6 show that we may expect 
iron melting to occur at central core pressures (363.85 
GPa, PREM modeP^) between 5980 (model 1) and 
6680 K (model 2). Then if we assume that the tempera¬ 
ture in the inner core is largely adiabatic, we may start 
the calculation of the adiabat starting where the pure 
iron melting curve intersects the inner-core/outer-core 
seismic discontinuity. The calculated temperature (model 
2) at the earth’s centre is 6150 K and at the top of the 
inner core 6130 K. The calculated densities of 8-iron 
just below the melting temperatures (13.76 gmoP^ at 
5979 K and 13.55 gmol"^ at 6679 K) are considerably 
higher than the PREM model densities. Similar con¬ 
clusions led Jephcoat and Olsen^ to suggest that the 
inner-core must contain a few per cent of a light 
component such as pyrite. A light component both 
reduces the density and the iron-melting temperature. 
To maintain a solid inner core with the appropriate 
PREM densities, it is sufficient to add a small amount 
of Mg 2 SiO^ (high pressure equivalent phases: perovskite 
+ periclase) to 8-iron (Figure 6). Both perovskite and 
periclase are refractory phases, with melting temperature 
higher than iron^^ At the centre, the correct density is 
produced when we add 1.05% solids at 6150 K. In the 


inner core, it was not necessary to change the composition 
to obtain correct densities at slightly decreasing tempera¬ 
tures until the geotherm meets the inner/outer core 
boundary at 6133 K close to iron melting at 328.85 
GPa. For the geothermal gradient to change smoothly 
and approach the outer core and mantle boundary at 
~ 4000 K, the mole per cent of solids should increase 
from 0.7 at the bottom of the liquid core to 1.64 at 
the top. For a given composition, the outer core densities 
do not change significantly with temperature. However, a 
small decrease in the amount of added solid raises the 
temperature significantly. With model 1, we found the 
inner-core temperature to vary from 5430 to 5419 K and 
PREM density is matched with 1.5% of solids. A little 
additional amount of solids (~ 1.8%) is required to match 
the density in the outer-core along the thermal gradient 
shown in Figure 6. Although Andersonused different 
thermodynamic arguments, his calculated temperatures of 
6450 K for the centre and 6210 ± 400 K for the inner and 
outer core boundary are quite similar to the temperatures 
shown here. The second model is also in general agreement 
with the results of Brown and McQueen"^. 

The experimental iron phase diagram and the thermo¬ 
dynamic data result in a rather simple model for the 
core. The relationship between the earth and meteorites 
has been discussed thoroughly in the literature. The 
class of meteorites called irons and stony-irons are 
considered to be debris from differentiated broken up 
planetary bodies. What the present results tell us is that 
this picture fits the model of the earth’s core very well. 
Thus the core has simply the same composition as the 
irons and stony-irons. The density from such composi¬ 
tions fits the seismic density well. Dilution of iron by 
addition of sulphur or another light element is not 
essential. The outer core is liquid because of the phase 
transformations in iron and its melting behaviour. 
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Effect of micellar and microemulsion media on 
the oxidation of iodide by peroxodisulphate 
reactions 

J. Santhanalakshmi and R. Kalaivani 

Department of Physical Chemistry, University of Madras, A.C. College Campus, Madras 600 025, India 


Water-sodium dodecylsulphate (SDS)-oil-n-alkanol 
microemulsions are constructed and used as media for 
r oxidation by 820^" ions. Normal SDS micelles and 
microemulsions in aqueous medium catalyse the 
self-decomposition of S20g“ and S20g“-r oxidation 
reactions. The overall and individual rate constants 
are obtained. Temperature, cosurfactant and oil effects 
are studied. Michaelis-Menten-type kinetics involving 
micelle-substrate complex equOibrium seem to describe 
the oxidation reaction. The and AJT variations depict 
the interfacial effect on substrate binding. 


Microemulsions (ME) belong to a special type of sur¬ 
factant assemblies in solution containing nearly mono- 
disperse micelles or oil solubilized micellar droplets, 
with sizes ranging from 10 to 100 A (refs 1,2). ME 
also serve as potential media for promoting compartmen¬ 
talized, enzymatic, catalytic and encapsulation reac¬ 
tions^’"^. In conventional ME-catalysed reactions, the 
micro-environments inside the droplets serve as 
microreactors in molecular scale for reactants solubilized 
in the oil or micellar cores^’^ Otherwise, when the 
dispersion medium of ME or micellar solutions serve 
as the reaction medium, the rate accelerations may be 
attributed to the presence of microdroplet or micelle 
spheres which create interfacial changes, excess inter¬ 
facial area for substrate binding, decrease in the 
approachability barrier for similarly charged reactants 
and creation of parallel reaction of the same kind from 
the microemulsions and micellar surfaces, etc.^. Through 
suitable control of size of droplets, rate accelerations 
may be controlled and achieved through variations in 
the compositions of ME components, i.e. oil, water, 
surfactant and cosurfactant^’^. The oxidation reaction 
between iodide (I") and persulphate (S 20 g") ions has 
been chosen to monitor the ME and micellar effects 
because the kinetics of this reaction in aqueous medium 
with pH, salt and imedium effects are well studied^^^’^^ 
Since anionic reactants are involved; presence of cationic 
surfactants may catalyse the reaction. However, when 
rate accelerations are noted for anionic surfactant con¬ 
taining micellar and ME solutions, then ME and micellar 
media exemplify the concepts of micellar and ME 
catalysis and highlight the creation of appropriate inter¬ 
faces, substrate binding, stability factors, etc.^^. The role 


of microenvironments of water droplets in water in oil 
(W/0) aerosol OT ME on the T oxidation by S 20 g" 
has been studied^ Regarding oil in water (OAV) ME, 
however, no such study prevails. Therefore, we report 
here the utilization of OAV ME-containing sodium 
dodecylsulphate (SDS), oil, water, n-alkanol (cosurfac¬ 
tant) for enhanced rate of oxidation of T by S 20 g”. 

As cosurfactants and oil in nature form the essential 
parts of ME in creating the interfacial area and oil 
microdroplets, the effects of cosurfactant (isopropanol, 
n-propanol, /z-butanol) and oil (benzene, toluene, xylene) 
are studied along with salt effect (Na 2 S 04 ) and activa¬ 
tion-energy studies. Substrate binding constants on micel¬ 
lar and ME droplet surfaces, rate constants for 820 ^”" 
self-decomposition and T oxidation are determined 
through kinetic principles derived in a simpler manner. 


Theory 


The presence of peroxo (0-0) linkage in S 20 g" anion 
induces easy self-decomposition to appreciable extents 
even under normal temperature conditions. In oxidation 
reactions (of I") involving S 20 g“ anions at T > 25“C, 
fractionation of S 20 g“ composition into parallel reactions, 
i.e. (kj) self-decomposition and substrate oxidation (k^) 
and with the separation of individual rate constants from 
the overall rate constant need to be analysed and when 
T is low, while T is high In presence 

of SDS and ME, both k^ and k^ are accelerated, k^ and 
represent first and second order reaction rate constants. 
The normal mode of I" oxidation may be considered to 
follow a Michaelis-Menten-type scheme since initial 
iodoperoxodisulphate [IS 20 g" ] intermediate formation is 
feasible due to the higher oxidation potential of S 20 g" 
than r and subsequently leads to product formation^^. 


I. S 20 r 


2SOf. 


iL S20“-+2r^=^ r + iS20^'+M mis 20^ +i 


(a) 


(b) 


^2m 

P + M 


where P = 2SOf+ I 2 ; M = SDS micelle or ME droplet. 
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The overall kinetics of steps I and II are monitored In presence of micelles and ME, a fraction of 
through I 2 formation with respect to time and under [IS 20 g" ] forfned [F^] will be partitioned towards micelle 
pseudoconcentrations with [!”] = 10 [S20g" ]. Rate = dx/dt association [M-IS20g~] resulting in micellar 

= d[l 2 ]/dr = ^'[S 20 g"] [T] under pseudoconditions, catalysis through concomitant reactions 11(a) and 11(b). 

The contributions of [IS20g"] and [M“IS20g”] on 
k'[r] = k; rate = /:[S 20 g“]. (1) may be written as 


Step I is first-order. Therefore at any time r, 
[S20g"]^ = [S20g"]^ Hence equation (1) is 

d[l2]/dr = 

Integration between t = 0, [I 2 ] = 0 and t = t; [I 2 ] limits 
gives 

[i,]/k[sp^-l = (i-o-^yk, 

= (e'‘'^^-l)/^je'^^ ( 2 ) 

Expansion of e*"^^ series, neglecting powers, etc., the 
RHS of equation (2) becomes 

= ^'[L]o[s,of vEy = i/t+k,, (3) 

Thus, applying linear regression on [I" Iq [S20 g*']o/[l 2 ] 
against l/t, values of /:= 1/slope and k^ = k'x intercept 
are obtained. Likewise, k^ in presence and absence of 
SDS, and ME may be derived. From known k^ values, 
fraction [S 20 g” ] decomposed in t is known and the 
remaining fraction of [S 20 g" ] contributes to the oxidation 
reaction. In normal reaction, the overall rate constant 
of oxidation reaction (/:') may be considered as k\, 
and as k in presence of SDS and ME. Thus second 
order rate of 11(a) reaction will be 

vn(a) = A:'JS,Of][I-]. ( 4 ) 

In terms of the reaction scheme, 

vll(a) =*,„[!-] [IS,] (5) 

k,,K^[rf [spf] 

i+^jn ’ 

[IS,Of ][!-] 

{[S, 0 f]-[IS, 0 ^ ]}[!-] 




comparing equations (4) and (5) 

“ i + ^:„[n 

which can be rearranged as 

l/k' = {l/k^^Kjr]} + l/k^,. (6) 
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The double reciprocal plot equations (6) and (9) (1//:^ 
or l/k^ vs l/[r]) can be used to determine {k^^, KJ 
and (^ 2 ^, KJ values. 

The extent of micelle/ME catalysis depends on the 
[M-IS 20 g" ], which depends on the available number of 
free ion-binding sites on the stern layer of the 
micelle/ME. If the fraction of Na"*" counterion bindings 
per micelle is (1-a), then a will be the fraction of 
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free sites per micelle. Also a equals [M~IS 20 g~]/[M], 
using and expressions, a can be Expressed as 

[K^Kjr] [S^O^-]}. At constant [T], [ 820 ^"], a values 
for normal, and in presence of SDS, ME with various 
alkanols and oils may be obtained and compared. The 
catalytic activity coefficient equal {vll(b)/vll(a)} 
which equals may be obtained. 

Experimental 

Materials 

SDS, K 2 S 20 g, KI, Na 2 S 203 (Lobachemie) and starch 
(E Merck) were used as such. Benzene, toluene, xylene 
(E Merck) were distilled fresh before use. 

Kinetic measurements 

The kinetics were followed by measuring the clock time 
of appearance of blue colour (T generation) from the 
mixture containing KI, K 2 S 20 g, Na 2 S 203 , and starch; and 
SDS or ME if necessary The reactants were N 2 purged 
and thermostated at desired temperature. The reaction 
time commenced from the addition of K 2 S 20 g. 

Microemulsion preparation 

To an aqueous solution of SDS, the oil for 5% of H 2 O 
was added and the turbid solution was titrated with 
constant stirring against the n-alkanol taken in a 
microburette until transparency was reached. The pseudo¬ 
ternary phase diagrams encompassing the oil in water 
microemulsion region correspond to the percentage com¬ 
positions of the microemulsion constructed. The phase 
boundaries are checked by preparing above and below 
compositions and tested for ME properties. ME medium 
was N 2 purged and the weighed quantities of the clock 
reaction components were added and the time of 
appearance of I 2 was noted. 

During the reaction time, ME were found stable and 
no phase separation resulted. Changes in oil and cosur¬ 
factant nature were monitored by adding the respective 
components and maintaining the similar conditions. 
During oxidation reactions, alcoholic oxidation did not 
occur. 

Electronic spectra of pure SDS, KI, K 2 S 20 g solutions 
and mixture of KI and K 2 S 20 g, KI + K 2 S 20 g + SDS are 
recorded in a UV Specord Carl Zeiss Spectrometer in 
the 200 to 350 nm range. 

Results and discussion 

Figure 1 shows pseudoternary phase diagram of benzene, 
toluene and xylene containing SDS-water-«-alkanol 
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microemulsions. Xylene produces extended micro¬ 
emulsion boundaries than benzene and toluene. Higher 
solubilization of xylene may be accounted for branched 
cosurfactant like isopropanol. Generally higher solubiliza¬ 
tion causes interfaces with higher extent of fluidity, 
lower extent of counterion binding and higher substrate 
association. 

Table 1 gives the phase compositions of four com¬ 
ponents of oil/water ME employed in the kinetics. The 
compositions fall within the ME domains in the pseudo¬ 
ternary phase diagram of OAV regions (Figure 1). During 
the study of salt effect, there is no phase separation in 
these formulations due to the low concentration of the 
salt and possibly due to the counterion-binding effects 
of the double layer. 

Table 2 gives the overall pseudo-first-order rate con¬ 
stant values {k) at different [substrate] under normal, 
micellar and ME conditions. Increase in T increases 
k ' values. Separate rate constants for decomposition 
{k^ and T oxidation (Z:^), determined using equation ( 3 ) 
and Figure 2 for the uncatalysed and catalysed reactions, 
are given in Table 3. The linear fits of double reciprocal 
plots given in Figure 4 [equation ( 6 ) and equation (9)] 
are used to determine the values of and (Lm’ 

for the T oxidation process in absence and presence 


cs 

ip0"/o 



Oil 50 Water/SDS 

100“/o «/obvwt. 100"/o 

Figure 1. Pseudoternary phase diagram of oil-SDS-water-rt-alkanol 
microemulsions, with Lj regions at 27°C. —, xylene-isopropanal ME; 
—, benzene-propanol ME;-, toluene-propanol ME. 


Table 1. Percentage composition of the components .in oil-water- 
SDS-n-alkanol microemulsions 


Oil 

type 

Cosurfactant 

type 

% Wt 
oil 

% Wt 
water 

% wt 

SDS 

% wt 

cosurfactant 

Benzene 

Propanol 

2.252 

76.90 

0.148 

20.66 

Toluene 

Propanol 

2.133 

73.89 

0.142 

23.82 

Xylene 

Propanol 

2.108 

71.87 

0.138 

25.87 

Benzene 

Isopropanol 

2.175 

74.30 

0.143 

23.36 

Toluene 

Isopropanol 

2.005 

69.46 

0.133 

28.39 

Xylene 

Isopropanol 

1.886 

64.32 

0.123 

33.70 
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Table 2 . Effect of [reactant] on the overall pseudo-first-order rate constant of the parallel 
reactions comprising T oxidation and 820 ^* decomposition, in presence (k'^) and absence 
(k") of SDS micelles and ME 


Temperature (“C) 



27 



60 



k"x Itf 

k" X 


k~ X 10^ 

FxlCF 

10^ 

[sp^-] M 

(s-') 

(s-') 

(s-') 

(s-b 

(s-b 

(s-‘) 

1.43 

3.09 

3.90 

5.43 

6.69 

1.22 

6.97 

1.82 

3.48 

4.88 

6.26 

8.31 

1.66 

8.15 

2.17 

3.90 

5.80 

7.48 

9.50 

2.02 

10.64 

2.50 

4.02 

6.79 

8.21 

11.41 

2.62 

13.93 


[I-] = 10 [ 820 ^- ] M; [SD 8 ] ^ 9.09 x IQ-^ M. 
ME = Water- 8 D 8 -toluene-«-propanol. 



Figure 2. Overall kinetic plots of I" oxidation by 820 g' in the normal 
(A) and presence of 8D8 micelles (O) and microemulsions and in 
NUjSO^ (A) at RT and (•) at 60"C; Me = oil (a, b, c)-8DS-water- 
isopropanol, a = benzene; ^7 = toluene; c = xylene. 

of micelles and microemulsions. These values are given 
in Table 4. The effect of surfactant concentration on 
is shown in Figure 3. Even though rate constant 
values are altered, the orders of the parallel reactions 
(first order decomposition and second order oxidation) 
remain unaltered in presence of micelles/ME. 

Study of the rate constant values shows some salient 
features: addition of Na 2 S 04 enhances the overall rate 
constant in accordance with the ionic strength effect on 
ionic reactions containing the same sign ions^^. SDS in 
aqueous solution may be considered to act as 1 : 1 
electrolyte below its CMC. As the concentration of SDS 
increases while approaching its CMC value, grouping 
of dodecylsulphate anions for the purpose of micellization 
occurs. This process causes a sudden depletion of the 
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Table 3. Pseudo-first-order rate constants of decomposition (k^) 
and T-oxidation (k) values in the normal and presence of SDS 
micelles and ME 




I(F (s-‘) 


X Itf (s-') 



Temperature (“Q 



30 

60 

30 

60 

Normal 

1.60 

1.77 

4.87 

6.10 

SDS 

2.01 

4.18 

6.98 

9.07 

Na 2 S 04 

1.66 

9.40 

5.39 

24.47 

Benzene ME*’“ 

3.14 

2.22 

5.76 

_ 

Toluene ME*’“ 

5.73 

1.25 

2.58 

- 

Benzene ME*’^ 

0.22 

3.45 

-2.03 

-0.30 

Toluene ME*’* 

1.09 

1.77 

0.77 

0.241 

Xylene ME*’* 

0.54 

1.75 

-1.23 

0.55 


[I-] = 10 [Na 2 S 04 ] = [SDS] = 9.09 x 10“^ M. 

*Values correspond to 40“C. 

“2-propanol ME; *1-propanol ME. 


anions and lowering of ionic strength around the CMC 
value which may bring in a slight decrease in the rate 
near the CMC. With further increase in surfactant con¬ 
centration, the number density of micelles increases and 
micellar catalysis ensues. Therefore the rate starts 
increasing from CMC (Figure 3). The creation of 
appropriate interfaces due to micelles or microemulsion 
enhances the substrate interfacial bindings and decreases 
the approachability barrier between similarly charged 
substrates. Here, this effect is more pronounced, since 
binding cum exchange of sulphate ions of S^Og" in the 
medium and the sulphate ions of the SDS micelle stern 
layer is more probable’^. If it is so, the micelle/ME- 
interfacially associated substrate/intermediate would 
probably create a concomitant similar to the normal 
reaction. 

In the phase components belonging to outside boundary 
and falling within the bicontinuous phase or any other 
heterogenous phase lowers the rate due to impeding 
effect of the other phases. When other compositional 
variation that lead to other phase changes like biconti¬ 
nuous microemulsions is tried for reaction media, the 
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Table 4. Association constant and rate constant of T oxidation by 
820 ^“ in the normal and presence of SDS micelles and ME 
[Na 2 SOJ = [SDS] 9.09 x lO'^ M 


Temperature (“C) 


30 

60 


k^xlO^ 

m 

*2^X10' 


Normal 

0.74 

47.76 

2.20 

15.91 

SDS 

0.91 

21.49 

7.93 

15.56 

Na 2 S 04 

0.70 

5.00 

- 

- 

Benzene ME*’" 

0.93 

27.67 

1.50 

15.85 

Toluene ME*’" 

0.72 

10.31 

- 

- 

Xylene ME*’" 

0.43 

4.79 

- 

- 

Benzene ME*’'" 

0.17 

2.83 

- 

- 

Toluene ME*’'^ 

0.25 

2.51 

- 

_ 


Normal, and correspond to and K^. 
* Values correspond to 40‘’C. 

“ 2 -propanoI; * 1 -propanol. 



[SDS] X 10 ’ M 

Figure 3. Pseudo-first-order rate constant (kj dependance on SDS 
concentration at 27“C. 



Figure 4. Double reciprocal plots of (O, □). (A) vs [I"']”' 

for uncatalysed (O), in presence of Na 2 S 04 (□) and micelle catalysed 
iodide oxidation reactions at 27‘’C (O, A) and bO^C (•, A). 



Figure 5. UV spectra of aqueous solution of pure SDS (1); KI + K 2 S 20 j{ 
(2); KI (3); KI -h K 2 S 2 O 8 + SDS (4); K 2 S 20 g (5) at 25“C. 


Table 5. Fraction of free counterion binding of SDS micelles and 
ME (a) and catalytic activity coefficient (p), E,^ and AH values of 
r-S 20 g' reactions 


Condition 

a 

• i/p 

4 

cals/mole 

AH 

cals/mole 

Normal 

_ 

_ 

626.84 

131.04 (AH^) 

SDS 

0.019 

0.010 

4578.50 

379.07 (AH) 

Benzene ME" 

0.021 

0.028 

-6509.67 

135.46 

Toluene ME" 

0.024 

0.033 

-28655.50 

- 

Xylene ME" 

0.029 

0.039 

- 

- 

Benzene ME* 

0.025 

0.034 

_ 

- 

Toluene ME* 

0.022 

0.030 

- 

- 


[I-] = 10 [ 820 ^-] M; [SDS] = 9.09 x 10"^ M. 
‘* 2 -propanol; ^ 1 -propanol. 


reactions exhibited low rates and the reactivity difference 
may be due to the structural variation in surfactant 
assemblies in solutions. In these compositions, the 
heterogeneity is more due to the higher compositions 
of OAV ME. So, one may say that there is a decreased 
reactivity of the reactants in other regions compared to 
OAV microemulsions. 

The values of and k'^ are observed to be accelerated 
in presence of SDS and microemulsions. In all instances, 
r oxidation seems faster than S 20 g“ decomposition, since 
high energy peroxobond needs to be dissociated in the 
decomposition step. 

The UV spectroscopic evidence was sought to visualize 
the formation of M~IS20g~. When the spectra of separate 
solutions of SDS, KI, ]^S20g are compared with that 
of the mixture containing micelle, I", S20g", then the 
characteristic of S20g" seems to have shifted. The 
shift is significant when compared with pure SDS micel¬ 
les towards red shift. This can be attributed to the 
interfacial substrate binding. However, this peak variation 
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Scheme 1. 


with time could not be monitored and approaches as 
(2). This spectrum (4) was obtained instantaneously after 
mixing. 

The extent and the stability of the substrate association 
with the micelle/ME interfaces are reflected from 
association constant values (K, K ). K >K trend 
indicates that presence of SDS/ME aid the decomposition 
of the intermediate by forming a lesser stable complex. 
Lower values are also due to the lesser probability 
of binding of anionic intermediate on anionic SDS 
micelle interface. However concomitant fractionation of 
IS^Og" to M“-IS 20 g" leads to an overall acceleration of 
the rate. The interfacial interactions are shown in 
scheme 1 . 

Regarding microemulsions, solubilization of small 
proportions of oil occurs at hydrophobic micellar core, 
resulting in oil-swollen micelles. Addition of cosurfac¬ 
tants may sometimes result in further fractionation of 
droplets. In any case there is an excess interfacial area 
created during microemulsification. This effect increases 
the fraction of free ions at the stern layer of the micelle 
and the oil-swollen micelle. Therefore interfacial 
association of the substrate increases. Also, due to the 
enhanced interdroplet interactions, certain amount of 
instability prevails on the [M-IS^O^"]. The presence of 
cosurfactants tends to lower the extent of micellar 
catalysis since the cosurfactant molecule adheres com¬ 
petitively at the interface. Due to a considerable reduction 
in the interfacial effect, is noted. With increase 

in the carbon chain length of the cosurfactant, k^^ values 
are lowered. The overall k values increase from benzene, 
toluene and xylene while k^ values suffer a decrease 
since phase separation of ME occurred occasionally, the 
data remain nil in such cases. 


In ME the fraction of free micellar ionic sites increases, 
i.e. a-values increase in ME (Table 5). p"' values 
measure the extent of catalysis and the role of interfacial 
effect. Even though a increases, p decreases in certain 
cases due to the resistance offered by the cosurfactant 
on the M“IS 20 g" product conversions. 

Increase in temperature increases the k, while K 
decreases. The thermal effects induce instability of the 
associated complex due to competitive desorption of the 
substrate from the interface. But due to the lowering 
of K values, ^20 ^ 2 m values increase, i.e. instability 

of the associated intermediate is removed through con¬ 
versions leading to products. The and AH values of 
the catalysed and normal reactions show negative values 
when an increase in temperature decreases the k and K 
values. This effect is large in case of ME. The AH 
values of the normal and ME media are comparable 
while that of SDS is more. The close packing of the 
surfactant molecule in the aggregates is loosened in the 
ME due to the presence of cosurfactants and oil 
inclusions. Also, micelle and ME droplet breakdown 
processes prevail when T increases. 

Thus creation of interfaces inside the bulk medium 
through the presence of micelles or ME certainly induces 
acceleration of the decomposition and the iodide oxi¬ 
dation processes of 820 ^“ ions. The separation of the 
rate constants of the individual step from the overall 
values applies for the normal and micelle/ME media. 
However, the collisional and diffusional properties of 
micelles and ME stand to be probed for future studies. 
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Some FRW models with constant 
active gravitational mass 

Abdossattar and R. G. Vishwakarma 

Department of Mathematics, Banaras Hindu University, Varanasi 221 005, 
India 

The consequences of taking the active gravitational 
mass of the universe constant in the background of 
FRW models are investigated. It is found that the 
dependence of the nature of expansion on the cur¬ 
vature parameter k may be altered. 

In the standard big bang cosmology, wherein the universe 
is assumed to be filled with a distribution of matter 
represented by the energy momentum tensor of a perfect 
fluid 

Tij = ip+P>,Vj + pg.j, 

(in the units with c = 1) (1) 

and the geometry of the universe is described by the 
Robertson-Walker line element 

d/ = - df” + R\t) {(dr^/1 -ki^) 

+ ^(d0- + sin'ed(|)")}, k = ±1,0, (2) 

the Einstein field equations 

(3) 

obtain two independent equations 

- R/R = (47CG/3) (p + 3/7), (4) 

and 


RVR- + k/R" = (8tcG/3)p . (5) 

The expression for the scale factor R is obtained by 
solving the differential equation resulting from equations 
(4) and (5) by assuming an equation of state. Out of 
the three cases of the model obtained for different values 
of the curvature parameter k, one is closed for 
k = +\ and the remaining two are ever expanding for 
k-O and -1. In this communication, motivation is 
given for taking the active gravitational mass of the 
universe as constant and it is found that the dependence 
of the nature of expansion of the resulting models on 
the curvature parameter k may be different from that 
of the standard models. 

The field equation (4) may be deemed as an analogue 
of the Newtonian force law and suggests that the force 
per unit mass at each space-time point is determined 
by the active gravitational mass density (p + 3/?). Here 
we note that the gravitational pull is exerted not only 
by p as in the Newtonian theory but rather by 
(P + 3/7) which exhibits a relativistic effect. It is this 
additional pressure and internal energy contribution to 
the gravitational force which is the major cause of the 
problem of gravitational collapse in general relativity^ 

One notes that equations (4) and (5) obtain pR? = con¬ 
stant (ref. 2) in the present pressureless phase of evolu¬ 
tion, which can be interpreted as the conservation of 
the total active gravitational mass of the comoving 
sphere of radius R. As there is no justification of 
conferring a special status upon the present epoch, we 
speculate that this constancy feature of the active gravita¬ 
tional mass is met not only in the present phase of 
evolution but in the early phases too. We thus assume 
that in the presence of pressure, the active gravitational 
mass is constant. 

(p + 3/7) R^ = constant = A (say). (6) 
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Equation (6), taken together with the energy momentum 
conservation equation 

p + 3(p+/?) R/R = 0, (7) 


B = we obtain 

(24nGAR-9n^RY^ 4%GA 

3n^ 3n^ ^ 


which may be obtained from equations (4) and (5), 
leads to 


sin 


3rfR 


47rGA 



lii^GA 


(14) 


- K(p + 3py, K = constant > 0 , (8) 

which is the equation of state for the perfect fluid 
constituting the matter content of the universe. It is a 
physically reasonable equation of state since 


(dp/dp) = [2/3-(p/(p+p))], (9) 

indicating that (dp/dp) <1/3 for p>p. 

Equations (4) and (6) obtain 

R = ^{4tiGA/3R^) , (10) 

which, by integrating, gives 

k" = (87iGA/3i?) + 5, (11) 

where B is some constant of integration. Equations (5), 
(6) and (11) may be used to obtain 

p = A/R^ + 3(B + k)/%TiGR^ (12) 


When i? = 0, we have 

R = {6nGAf^^t^^^ . (15) 

Equation (14) indicates that the model reaches its max¬ 
imum radius = SnGA/3n^ at t = 4K^GA/3n^ and there¬ 
after starts contracting back to origin in a way similar 
to the A: = 1 case of the standard model though here 
k = 0. Equation (15) suggests that >oo as with 

the deceleration parameter q = V2 always as in the 
k = 0 case of the standard model. 


A: = -1 

In this case p > 0 demands B <1. If B>0, say 
jB = < 1, we obtain 

(24nGAR-¥9n^Ry^^ _ 4 kGA 
^ " 3/2^ 3n^ ^ 


cosh ^ 


3n^R 

4nGA 



(16) 


and 

p = ~-(B + kySnGR\ (13) 

which are in agreement with equation (8) and suggest 
that K = ~(B + ky/{SnGfA- for the self-consistency of 
the system. 

Equation (13) indicates that in order to have p>0, 
one must have (B + k)< 0. 

We note from equation (6) that for p>0 and p>0, 
A>0. Equation (10) hence indicates that R<0, This, 
together with R>0, implies that the curve R{t) must 
have reached R{t) = 0 at some finite time in the past, 
say at t = 0, which is a singularity, where equation (6) 
holds in the limiting case. The models thus start from 
a big bang. 

Equation (11) may be integrated for different values 
of k as: 

A: = 0 


which indicates that i? oo and R-^n as t The 
deceleration parameter, which is initially Vi in this case 
tends to zero as t ^oo. For < 0, the evolution is 
described by equations (14) or (15). 

A: = l 

In this case, p>0 demands B < — I and the evolution 
is governed by equation (14) which describes a closed 
universe as mentioned earlier. 

We thus see that the dependence of the nature of 
expansion on the curvature parameter k may be altered 
by the incorporation of the conservation law (6) in the 
standard cosmology. 


1. Ellis, G. F. R., in General Relativity and Cosmology (ed. Sacks, 
R. K.), Academic Press, 1971, pp. 127. 

2. Weinberg, S., Gravitation and Cosmology, Wiley, New York, 1972, 
pp. 472. 


We thus have B<0 for p>0. When J?<0 say 
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Evaluation of intra-specific 
variability in Avicennia marina 
Forsk. using RAPD markers 

P. Balakrishna 

M.S. Swaminathan Research Foundation, Madras 600 113, India 

Random amplified polymorphic DNA (RAPD) 
markers for determining the genetic diversity among 
Mangrove species, Avicennia marina Forsk. were used. 
Individuals collected from several sites in India were 
analysed for their genetic relationship. Both inter- 
and intra-populational level polymorphisms were 
observed. The dendrogram arising out of the RAPD 
data shows prominent patterns of relationships that 
are discussed in the light of the respective habitats 
of the species distributed in India. The usefulness of 
RAPDs in biodiversity assessment and evaluation has 
therefore been tested. 

Understanding the genetic basis of diversity of plants 
helps utilize plant genetic resources effectively. Because 
of the long-term life cycle, tree genetics tends to receive 
less attention than annual crops. Among tree species, 
mangrove forest trees have not so far been subjected 
to detailed genetic analysis. Mangroves form an important 
group of plants for several of their characteristics, in¬ 
cluding their ability to withstand high levels of salinity, 
besides protecting coastal areas from seawater intrusion’. 
However, this group has suffered from lack of infor¬ 
mation on their genetics. They are distributed all over 
tropics and 59 species belonging to 29 families occur 
in India. Mangrove habitats now face serious threat due 
to extensive felling, changing coastal environment in¬ 
cluding lack of freshwater inflow^. The performance of 
each species differs in such an environment and dif¬ 
ferences are apparent^. Conservation of mangroves is 
thus a major priority in coastal area development. Of 
several cosmopolitan species of mangroves, Avicennia 
marina is an important species because it can withstand 
varying soil conditions, high levels of salinity, lack of 
freshwater inflow for considerable periods of time and 
pollution of varying forms'’. Besides they have good 
rates of regeneration and show different adaptational 
features. Genetic characterization of mangroves is un¬ 
fortunately limited owing to lack of concerted studies 
on identifying the genetic variability within and in- 
between species. There is no report on the genetic 
diversity of mangroves except for Rhizophora species^. 
Though isozyme studies have been carried out in 
mangroves their reproducibility is rather poor. 

Genetic analysis of tree species, especially of forest 
trees, has not received much attention from molecular 
biologists until recently. Relatively few genetic maps 
are available for forest trees^"^. This is mainly due to 


lack of suitable pedigrees and basic genetic data like 
number of chromosomes, linkage groups and even 
population genetic analysis. 

Mangroves are threatened all over the world today 
due to direct and indirect exploitation. Conservation of 
mangroves has thus become important not only to protect 
the coastal areas but also to protect the coastal com¬ 
munities from seawater intrusion and from the adverse 
impacts of potential changes in sea level rise. One of 
the suggestions for mangrove restoration is to select 
genetically superior germplasm and to introduce them 
into target sites^ But for this to happen it is important 
to understand the extent of diversity in individual species 
and the relationship these species have with their respec¬ 
tive habitats. Diversities in structural formations of 
mangrove ecosystems can be witnessed along the 
latitudinal and longitudinal gradients. This may be due 
to the climate or soil or due to water availability”’. 
Thus there is a necessity to evaluate the genetic diversity 
of these trees. 

Random amplified polymorphic DNA (RAPD)” 
markers have been successfully used to assess the genetic 
diversity within several groups of plants, including tree 
species like conifers, Norway spruce, pine and others’^'”. 
Besides this, RAPDs were also used for several other 
purposes like genome mapping, population genetics, 
introgression analysis’^ RAPDs are better choice of 
markers for evaluation of genetic diversity in species 
where cloned markers are not available. Hence RAPD 
analysis was undertaken in mangrove species, A, marina 
which showed clear inter- and intra-populational 
variability from the collections made in India. The sites 
selected were from different habitats ranging from un¬ 
polluted Pichavaram to polluted sites like Ennore with 
petrochemical pollution and Adyar with inorganic pollu¬ 
tion. Duplicate samples were collected from Ennore and 
Bombay so that they can represent the trueness of the 
genetic analysis. Genetic correlations and genetic distance 
analysis were done using RAPD data to relate them 
with the habitat and growth. 

A. marina accessions were collected from different 
sites in India (from Bombay, Ganapatipule in Maha¬ 
rashtra, Pichavaram in Tamil Nadu, Ennore and Adyar 
in Madras). Seven accessions representing five locations 
were chosen to see if the RAPD markers were useful 
to study their genetic diversity. For detecting the varia¬ 
tions a total of'25 primers were initially used, out of 
which 12 gave diagnostic polymorphisms of inter- and 
intra-populational variability. 

Total genomic DNA was isolated from lyophilized 
leaf material. To 300-400 mg of powdered leaf tissue, 
lOOOpl of extraction buffer (1 M Tris-HCl, pH 8.0, 5M 
NaCl, 0.5 M EDTA, 1413 mercaptoethanol, and 1% 
CTAB) was added and incubated at 65°C for 90 min 
with occasional mixing. The mixture was then cooled 
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to room temperature and 500 |il of chloroform: octonol 
(24: 1) was added. After centrifuging at 10,000 rpm at 
4°C for 10 min the supernatant was transferred to a 
fresh tube. To this 750 |xl of ice-cold isopropanol was 
added. The DNA was washed with 500 |il of 70% 
ethanol and 750 |il of 3 M sodium acetate and again 
with 70% ethanol. The DNA was then air-dried and 
suspended in IX TE buffer. 

Decamer oligonucleotide primers were used in this 
study. Table 1 lists primers that were selected for the 
final analysis. Amplifications were done in volumes of 
25 III containing 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 
1.5 mM MgCl^, 0.1 mM each of dATP, dTTP, dGTP, 
and dCTP (Perkin Elmer, USA), 5 ng of genomic DNA, 
0.5 |iM of primer and 3 units of Taq DNA polymerase 
(Perkin Elmer, USA). The amplification was carried out 
on a Perkin Elmer 480 thermal cycler (Perkin Elmer, 
USA). Samples were amplified at one step of 2 min at 
94“C, 40 repeats of the following cycles—one min at 
94'’C, one min at 37“C, two min at 72‘’C, and then a 
final extension time of 4 min at 72°C. The amplified 
products were then analysed on 1.8% agarose gels 
stained with ethidium bromide. 

For each primer, bands were scored for their presence 
(+) or absence (-) of a amplified product. From these 
data a simple matching coefficient (SMC) analysis was 
carried out on a GENSTAT 5 program (licensed to 
Lawes Agricultural Institute, UK) to analyse the genetic 
distance and genetic relatedness. SMC takes into account 
the entire amplification products from various genotypes 
under study against all the primers scored for. Thus 
weightage is given as a shared presence or absence of 
bands also in calculating similarities and distance of 
different genotypes. 


Table 1. List of amplification products generated by using ar¬ 
bitrary 10 base oligonucleotides, based on all accessions 




No. of fragments detected 

Primer 

Sequence 

within 

A. marina 

between 

A. marina 

1 . 

3 , qjytqqqjqq 5 ^ 

35 

19 

2 . 

3'TGATCCCTGG 5' 

14 

14 

3. 

3'CATCCCCCTG 5' 

27 

16 

4. 

3^ GGACTGGAGT 5' 

22 

13 

5. 

3' TGCGCCCTTC 5' 

21 

12 

6 . 

3' CCATTCCGAG 5' 

2 

2 

7. 

3' CACCTGCTGA 5' 

17 

4 

8 . 

3' GTGAATGCGC 5' 

4 

1 

9. 

3' CCTACACGGT 5' 

15 

5 

10 . 

3'CAGCCGAGAA5' 

11 

3 

11 . 

3'GAAGGAGGCA 5' 

21 

8 

12 . 

yTGAACCGAGG 5' 

16 

6 


Isolation of DNA from Mangrove species has been 
a difficult problem until now. This is because they 
contain a number of secondary metabolites like phenolics, 
terpenoids, alkoloids and mucilage. The DNA extraction 
protocol followed here solved this problem. Of the 25 
primers screened, 12 were found to be suitable for diagnosis. 
Amplified products could be detected from all primers 
used. A total of 205 amplified products were scored. 
Within an individual plant the primers detected RAPD 
patterns containing DNA bands within 0.1 to 2.3 kb. 

Except for primer 4 (Table 1) all the others gave 
good variability profiles. Primer 4 was not able to detect 



Figure 1. Example of amplified products from A. marina popula¬ 
tions collected from: Lanes 1 & 2, Bombay; 3, Ganapatipule; 4, Picha- 
varam; 5, Adyar; 6 8c 1, Ennore. a. Amplified products using primer 
3 , GtttcGCTCG 5'; b, Amplified products using primer 3'TGAT- 
CCCTGG 5'; c. Amplified products using primer 3^ CATCCCCCTG 5'; 
d. Amplified products using primer 3' GGACTCCAGT 5\ 
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any variation within the samples. This polymorphism 
was apparent with all the primers and was not only 
between samples but also within the samples collected 
from different sites (Figure 1). The dendrogram con¬ 
structed based on the SMC analysis and represented in 
Figure 2 distributes the genotypes into different clusters. 
The amount of variability detected when the DNA 
sample was subjected to repeated RAPD analysis was 
the same, confirming the reproducibility of the analysis. 

The two sites selected each in Ennore and Bombay 
showed considerable variations (Figure 1). All the primers 
except primers 4 and 8 detected variations within these 
sites and the dendrograms showed their relatedness (Fig- 


Dendrogram «««>< 
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Figure 2. Dendrogram showing genetic relationships between A. 
marina populations constructed using simple matching coefficient 
analysis based on RAPD analysis. 
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Figure 3. Genetic distance analysis of A. marina revealed by RAPD 
markers and analysed using simple matching coefficient analysis. 1 & 
2, Populations from Bombay; 3, Ganapatipule; 4, Pichavaram; 5, Adyar; 
6 & 7, Ennore. 


ure 2). Genetic distance map was also constructed based 
on the RAPD data using SMC (Figure 3) to identify 
the distances. It was found that all the genotypes were 
distinctively different and separate based on amplified 
products. 

With an aim to understand the genetic diversity and 
the relatedness of mangrove species, A. marina was 
taken as a model. This is because of its several and 
varied adaptational and distributional patterns. RAPD 
was analysed on seven populations and the variability 
patterns were scored on the basis of amplified products. 
The analysis was carried out not only on a pairwise 
combination of variability but also accounted for the 
entire information given by all the genotypes against 
all the primers used. This comparison is based on the 
presence or absence of a band (amplified product) and 
give weightage as a shared presence in calculating 
similarities^^. 

The distribution of the genotypes observed on the 
dendrogram is represented in Figure 2 and shows that 
the RAPD data can be a powerful tool in assessing the 
genetic diversity. With regard to intra-site variability, 
there is variability within A. marina collected from the 
same sites. This is surprising because the species have 
evolved from the same habitats for a long period of 
time. The frequent inundation of seawater might have 
helped cross pollination to account for this polymorphism. 
Though the dendrogram is quite revealing the groups 
are considered different with respect to sites. The 
similarity between the material collected from Bombay 
and Ennore may be due to similarities in soil conditions 
like hypersalinity and the type of pollution^^. Gana¬ 
patipule and Pichavaram are considered to be reasonably 
less polluted and also received copious amounts of 
freshwater inflows, while Adyar falls between these two 
groups. This relatedness is also established in the genetic 
distance and similarity analyses. 

The RAPD technique contributes to a better under¬ 
standing of genetic characterization than the analysis of 
isozymes. For developing conservation methodologies it 
is important to evaluate the genetic diversity within a 
given species. Intra-populational level variation helps to 
identify suitable genetic material also. This kind of data 
vis-a-vis the other physiological, edaphic factors are 
taken into account when identifying suitable clones for 
introduction into different areas. Also, this study proves 
the utility of RAPDs in biodiversity measurement. 


1. lUCN, in Commission in Ecological Papers (eds Hegrel, E. J. and 
Davie, J. D. S.), Paper 3, 1983, pp. 1-88. 

2. Walsh, G. E., in Ecology of Halophytes (eds Reinold, J. and 
Queen, W. H.), 1974, pp. 51-174. 

3. Odum, W. E. and Johannes, R. E., in Tropical Marine Pollution 
(eds Wood, E. J. F. and Johannes, R. E.), 1975,- pp. 52-62. 

4. Scholander, P. F., Hammel, H. T., Hemmingsten, E. A. and Garey, 
W., Plant Physiol., 1962, 37, 722-729. 


928 


CURRENT SCIENCE, VOL. 69, NO. 11, 10 DECEMBER 1995 




RESEARCH COMMUNICATIONS 


5. Subramonian, N., PhD thesis, Univ. of Madras, Madras 1993. 

6 . Neale, D. B. and Sederoff, R., Can. J. For. Res., 1991, 21, 

545-554. 

7. Tulsieram, K., Glaubitz, J. C., Kiss, G. and Carlson, J. E., 

Biotechnology, 1992, 10, 686-690. 

8 . Gerber, S., Rodolphe, F., Bahrman, N. and Baradat, P. H., Theor. 
Appl. Genet, 1993, 85, 521-528. 

9. UNESCO, in The Mangrove Ecosystem: Research Methods (eds 
Samuel, C. S. and Snedakar, J. C.), 1984, p. 251. 

10. FAO, FAO Forestry paper 117, 1994, p. 319. 

11. Williams, J. G. K., Kubelik, A. R., Livak, K. J., Rafalski, J. A. 
and Tingey, S., Nucleic Acids Res., 1990, 18, 6531-6535. 

12. Carlson, J. E., Tulsieram, L. K., Glaubitz, J. C,, Luk, V. W. K., 

Kauffeldt, C. and Rutledge, R., Theor. Appl. Genet., 1991, 83, 

194-200. 

13. Nelson, C. D., Nance, W. L. and Doudrick, R. L., Theor. Appl. 
Genet., 1993, 87, 145-151. 

14. Binelli, G. and Bucci, G., Theor. Appl. Genet., 1994, 88, 283-288. 

15. Hadrys, H., Balick, M. and Scierwater, B., Mol. EcoL, 1992, 1, 
55-63. 

16. Mamey, P., Becking, J. R., Hamon, S. and Charriese, A., Euphytica, 
1994, 74, 203-209. 

17. Selvam, V., Mohan, R., Ramasubramanian, R. and Azariah, J., 
Indian J. Mar. Sci., 1991, 20, 67-70. 

ACKNOWLEDGEMENTS. We thank Prof. Luigi Monti and his group 
at the University of Naples, Italy for facilities, to Drs Rob Finch and 
Robert McNeil, SAC, Scotland for help in computer analysis and to 
Dr Selvam of MSSRF for his comments on the manuscript. This study 
was a part of collaborative project supported by Italian Government 
of MSSRF. 

Received 9 December 1994; revised accepted 17 October 1995 


Carbon and oxygen isotope trends in 
late Precambrian-Cambrian 
carbonates from the Lesser 
Himalaya, India 

B. Kumar and V. C. Tewari'*' 

National Geophysical Research Institute, Hyderabad 500 007, India 
*Wadia Institute of Himalayan Geology, Dehradun 248 001, India 

and records of the Late Precambrian- 

Cambrian (Pc-C) carbonates from the Lesser 
Himalaya are reported here. The data depict two 
distinct cycles of maxima-minima and one distinct > 
maxima for these carbonates. We suggest that 
isotopic variations across Pc-C stages relate to marked 
changes in the carbon and oxygen fluxes. 

Carbon isotope signatures of the Precambrian-Cambrian 
boundary carbonates have been studied from a number 
of localities of the worldbut their implications are 
still controversial. The preservation of original 6^*0 


records^ in Pc-C boundary carbonates has also been 
questioned. We present here the result of a carbon and 
oxygen isotope study of two marine carbonate successions 
of Late Precambrian-Cambrian age from the Lesser 
Himalaya. The isotopic data are evolved in relation to 
sedimentary carbon budget and atmospheric oxygen level 
(?) changes etc. 

In the northwestern Himalaya, two major carbonate¬ 
bearing successions, namely, the Deoban Formation of 
Lower to Middle Riphean age and the Krol Formation 
of Late Vendian (Ediacaran) age are present^"^ (Figure 
1). The Deoban Formation contains an approximately 
1000 m thick succession of carbonate rocks (stromatolitic 
dolomites, dolomitic limestones, cherty limestones an 
oolitic limestones) with intercalated beds of shales. It 
is followed by a shallow marine sequence of the 
argillo-siliciclastic deposits known as the Simla/Jaunsar 
Group which comprises of Mandhali, Chandpur and 
Nagthat formations. The Simla/Jaunsar Group is overlain 
by the Blaini Formation of early Vendian (Varanginian) 
age, consisting of diamictite beds and minor deposits 
of microbial dolomites, siltstones and shales. The Krol 
Formation of Vendian age includes an -- 2000 m thick 
succession of stromatolitic dolomites, cherty limestones, 
shales, sedimentary breccia, oolites and grainstones. It 



Figure 1. Geological sketch of the Deoban, Blaini and Krol-Tal 
sedimentary succession of the Lesser Himalaya, showing location of 
the study area, (map after Chaudhri and Kaltia^^). 
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Figure 2. 5’-^C and 5‘’^0 records of the Deoban, Biaini, Krol and Tal carbonates in relation to their 
stratigraphy (the numbers in the bracket refer to number of samples analysed from each formation). 


is followed by the Tal Formation (Early Cambrian) 
which consists of a Chert Phosphorite Member of Tom- 
motian age and argillo-calcareous and siliciclastic mem¬ 
ber of Atdabanian-Botomian age. The carbonate 
sedimentation in the Tal Formation is minor. A late 
Precambrian to early Cambrian age for these formations 
has recently been established by biostratigraphic studies 
based on: i) discovery of microfossils of Late 
Precambrian age^; ii) identification of stromatolites of 
Late Precambrian affinity®’^; iii) documentation of 
Ediacaran metazoans and metaphytes^^’’*^ in the Lower 
Krol Member; and iv) records of the early Cambrian 
small shelly fauna^^’^^, trilobites^"^, brachiopods*^ and 
trace fossils 

The carbonates investigated in this study have been 
sampled from the Deoban Formation developed in the 
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Deoban Mountains (30“45' 77“54') and those from the 
Biaini, Krol and Tal formations in the Korgai and 
Nigalidhar synclines (30°34'50", 77°39'15", cf. Figure 1). 

6‘^C and trends of the Deoban, Krol and Tal 
carbonates are plotted in Figure 2 in relation to stratig¬ 
raphy of these carbonates. The isotope trends are drawn 
through the ‘5’ values. 5*^C values become generally 
more positive from the Middle Deoban reaching ^^C 
maximum of +4.9%o (PDB) in the Upper Deoban. This 
is followed by a decline of ^^C to a minimum of -4%o 
in the Biaini. The carbon isotope profile shows a second 
rise in the Krol-C depicting a ^^C maximum of + 6%o 
which drops to a minimum of 6.2%o within the Tal. 

varies from + 17.2 to + 29.2%o (SMOW) and exhibits 
a marked positive shift in the Upper Krol. 

The previous workers^ have opined that the carbon 
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isotope variations of Krol-Tal sedimentary carbonates 
of the Lesser Himalaya represent pristine isotopic sig¬ 
natures as these successions have not been subjected to 
any metamorphism, deformation and excessive burial. 
We therefore consider that the 5‘^C data reported here 
represent unaltered signatures. 

The isotopic trends presented in Figure 2 show that 
maxima of +4.9%o and +6%o (PDB) relate to the 
major carbonate successions of the Deoban and Krol, 
and that the minima of -4%o and -6.2%o (PDB) 
are associated with terrigenous clastic deposits with 
minor carbonates of the Blaini and Tal formations, 
respectively. The marked increase in carbonate sedimen¬ 
tation during Deoban and Krol times would imply in¬ 
creased fixation of carbon dioxide in the form of 
carbonate carbon Deoban and Krol carbonate 

sedimentation represents a time span of Riphean to 
Vendian^"^^, a time interval much larger than the 
residence time of carbon (- 10^ years)^^ in the exogenic 
cycle. The increased fixation of carbon dioxide in the 
form of will therefore mean increased availability 
of CO^ in the environment existing during Deoban and 
Krol times. The Deoban and Krol carbonate formations 
are mainly microbial in nature and their large-scale 
deposition indicates a relative enhanced build-up of 
microbial communities which preferentially fixed in 
the form of organic carbon (C^rg)’ resulting in 
enrichment in carbonate carbon. maxima thus relate 
to overall increase in sedimentary carbon (C^a^b ^org) 
budget, increased availability of carbon dioxide in the 
prevailing environment, enhanced rate of photosynthesis 
and possibly warmer climates. Conversely, minima 
associated with the Blaini and Tal formations may go 
along with decrease in the total sedimentary carbon 
budget (as evident from field observations and marked 
negative signatures), reduced rate of photosynthesis, 
lower concentration of CO 2 in the prevailing environment 
and possibly colder climates. The colder climates during 
Blaini times is envisaged by its possible association 
with the Varangian glaciation event"^. There is no evidence 
of colder climates during Tal times. 

The records of Late Precambrian-Cambrian car¬ 
bonates are considered to be artifacts of diagenetic 
alterations^ or post-depositional isotope exchange equi¬ 
libration processes*^, but we suggest that this may not 
be the only possible reason. The Krol carbonates depict 
a distinct maxima that associate with carbon isotope 
maxima (Figure 2). maxima has been interpreted in 
terms of increased carbon burial and enhanced rate of 
photosynthesis which has been the main source of oxygen 
build-up in the atmosphere. Further, the Krol sedimentary 
succession exhibiting distinct and maxima may 


be related to the evolutionary transition from unicellular 
life forms to multicellular metazoans and metaphytes, 
these must have originated in high oxygenated environ- 
ment'^’^®’^^ Therefore, we associate and ^^0 maxima 
with intervals of high environmental oxygen level similar 
to or higher than the present one. However, the causative 
reason for link between maxima and higher oxygen 
levels still remains questionable. 

It is concluded that and variations across 
Pc-C stages relate to the marked changes in the carbon 
and oxygen fluxes. 
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Hypoglycaemic and antihyper- 
glycaemic effects of Aegle marmelos 
leaves in rabbits 

V. V. Rao, S. K. Dwivedi, D. Swarup and 
S. R. Sharma 

Division of Medicine, Indian Veterinary Research Institute, 

Izatnagar 243 122, India 

Hypoglycaemic and antihyp erglycaemic effects of an 
aqueous extract of A. marmelos leaves were studied 
in normal and alloxanized-rabbits respectively. In 
normal rabbits, the highest decrease (35.3%) in blood 
glucose level was recorded with 1 g equivalent dose 
after 4 h of administration. The hypoglycaemic effect 
at 12 h was moderate but no effect was observed at 
24 h of drug administration. In diabetic rabbits, the 
extract produced significant (P < 0.01) antihyper- 
glycaemic effect within 3 days when given at the 
dose equivalent to 1 g powder/kg/day. 

Aegle marmelos Linn. (Rutaceae; Bael) is a widely 
distributed plant in India and the leaf juice of this plant 
is used orally by Indian Ayurvedic practitioners for the 
management of diabetes mellitus^’^. However, scanty 
scientific information is available on the hypoglycaemic 
activity of A. marmelos leaves. We report here the role 
of an aqueous extract of A. marmelos leaves as a 
hypoglycaemic agent in normal and alloxan diabetic 
rabbits. 

Fresh green leaves of A. marmelos procured locally 
were dried in the shade, powdered and boiled with 
distilled water. After filtration through Whatman filter 
paper No. 40, the extract was dried by slow heating 
and continuous stirring. The yield of the extract was 
32%. 


Adult albino rabbits of either sex and weighing 
1.5-*2 kg were used in these experiments. The animals 
were maintained on standard feeding and managemental 
condition^. 

Hypoglycaemic effect of the extract was evaluated in 
24 fasted albino rabbits divided into four groups of 6. 
The animals of group-I received 20 ml of distilled water 
per os, while the other three were treated orally with 
an aqueous extract equivalent to 0.5, 1.0 and 1.5 g 
powder/kg respectively. Blood glucose was estimated"^ 
at 0, 4, 12 and 24 h following administration of the 
test drug and the percentage glycaemia variation was 
calculated for each group. A comparison was also made 
between 0, 4, 12 and 24 h values of different groups. 

Antihyperglycaemic effect was evaluated in alloxan- 
diabetic rabbits^ divided into three groups of 6. Group-I 
received extract equivalent to 1 g powder/kg/day, group-II 
was given reference drug (Phenformin @ 125 mg/rabbit) 
while group-III (untreated control) received 20 ml of 
distilled water. Treatment schedule was continued for 
10 consecutive days. The diabetic blood glucose value 
(day 0) was compared with post-treatment values on 
days 3, 5 and 10 in all the groups. Comparison was 
also made between glucose values of different groups 
at different time intervals. The data were analysed 
statistically using analysis of variance and paired 'f 
test^. 

Result of the effect of aqueous extract of A. marmelos 
leaves on blood glucose level of normal rabbits is 
presented in Table 1. The test drug in all the three 
doses produced significant (P<0.01) hypoglycaemic 
effect after 4 h of administration. However, it was more 
marked in animals receiving aqueous extract equivalent 
to 1 g powdered leaves (group-III). The hypoglycaemic 
effect was moderate with all the three doses at 12 h 


Table 1. Effect of an aqueous extract of A. marmelos leaves on blood glucose level of normal 

rabbits (mean ± SE) 





Blood glucose levels (mg/100 ml) 



Dose 



Post-treatment (h) 


Treatment 

equivalent to 
g powder/kg 

0 

4 

12 

24 

Distilled water 

20 ml 

97.1+0.8* 

96.0 ±0.9* 
(1.1) 

93.3 ±0.7* 
(3.9) 

89.7 ± 0.6* 
(7.6) 

Extract 

0.5 

95.8 + 1.0* 

74.3 ±1.2® 
(22.4) 

85.5 ±1.0® 
(10.7) 

89.8 ± 0.4* 
(6.2) 

Extract 

1 

96.2 ±1.3* 

62.2 ±0.8^^ 
(35.3) 

81.4 ±0.7^^ 
(15.4) 

88.0 ±1.5* 
(6.2) 

Extract 

1.5 

94.4 ±1.2* 

73.1 ±1.4® 
(22.6) 

78.8±0.8‘= 

(16.5) 

86.4 ± 1.6* 
(8.4) 


Figures in parentheses indicate % reduction in glucose levels over Oh. 

Capital letters indicate between group comparison. 

Means having different letters are significant (P < 0.01) but same letters are non-significant. 
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Table 2. Effect of an aqueous extract of A. marmelos leaves and phenformin on blood glucose levels of diabetic rabbits 

(mean ± SE) 





Blood glucose levels (mg/100 ml) 




Diabetic level 


Post-treatment (days) 


Treatment 

Dose 

0 

3 

5 

10 

Extract 

Equivalent to 

1 g powder/kg 

263.1+4.7'' 

201 .6* ±5.3^^ 
(-23.4) 

184.7* ±5.9® 

(-29.8) 

129.4* ± 3.4^^ 

(-50.8) 

Phenformin 

@ 125 mg per rabbit 

278.7 ±6.0* 

239.9* ± 8.2® 
(-13.9) 

186.1* ±5.5® 

(-33.2) 

114.6* ±2.1® 

(-58.9) 

Distilled water 
(untreated control) 

20 ml 

276.1+4.8* 

292.7* ±4.0* 
(+6.0) 

314.2* ±4.2* 

(+ 13.8) 

333.8* ±4.0* 

(+ 20.2) 


Figures in parentheses indicate % reduction (-), or increase (+) over diabetic level. 
*Significantly different from diabetic level (P<0.01), 

Capital letters indicate between group comparison. 

Means having different letters are significant (?<0.01) but same letters are non-significant. 


and no significant difference in blood glucose level 
between treated and control group was observed at 24 h. 

Table 2 summarizes the effect of an aqueous extract 
of A. marmelos and phenformin on blood glucose level 
of diabetic rabbits. Both phenformin and aqueous extract 
of A. marmelos were found to have significant 
(P < 0.01) antihyperglycaemic effect after day 3 of 
treatment. It is interesting to note that on day 3, aqueous 
extract of A. marmelos had comparatively higher anti¬ 
hyperglycaemic effect, while phenoformin was found 
more effective in reducing blood glucose level on day 
10. In untreated diabetic rabbits there was a significant 
(P<0.01) rise in blood glucose levels from day 3 
onward. 

These findings indicated that an aqueous extract of 
A. marmelos had a significant hypoglycaemic effect in 
normal rabbits which lasted for 12 h and the effect was 
dose-dependent up to 1 g equivalent of powder. However, 
the response decreased at 1.5g/kg dose. Such a 
phenomenon of less hypoglycaemic response at higher 
doses is not uncommon with indigenous plants and has 
been observed with Vinca rosed' and Cinnamomum 
tamala^. The extract also produced marked decrease in 
blood glucose level in diabetic animals. The possible 
mechanism of the hypoglycaemic effect of A. marmelos 
in normal and diabetic rabbits is not clear. It may be 
supposed that in normoglycaemic rabbits, the extract 
exerted hypoglycaemic effect similar to phenformin by 
stimulating |3-cells to release insulin. However, in diabetic 
rabbits the extract could not have acted by stimulating 
the p-cells as the alloxan treatment causes permanent 
destruction of the p-cells. Ocimum sanctum leaves^ and 


seeds of Cajanus cajad^ have been reported to produce 
an antidiabetic effect by inhibiting absorption of glucose 
from the intestine. The possibility of reduced absorption 
of glucose from the intestine after A. marmelos admini¬ 
stration cannot be ruled out. A similar explanation has 
been put forward for antidiabetic activity of Musa sapien- 
tum^ and Caesalpinia bonducella^. Aqueous extract of 
A. marmelos was, therefore, found to have anti¬ 
hyperglycaemic activity in normal as well as alloxanized 
rabbits, but the precise mechanism whereby this effect 
is mediated warranted further investigations. 
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Do dholes (Cuon alpinus) live in 
packs in response to competition 
with or predation by large cats? 

Arim B. Venkataraman 

Department of Entomology, University of Agricultural Sciences, 
Bangalore 560 065, India and 

Indian Institute of Science Field Station, Centre for Ecological Sciences, 
Masinagudi 643 223, India 

*Centre for Ecological Sciences, Indian Institute of Science, 

Bangalore 560 012, India 

Interactions between carnivores during the defence 
of kills may be one reason why certain carnivores 
live in groups. This is especially true of lions, hyaenas 
and the African wild dog. The dhole or the Asiatic 
wild dog, primarily a pack living animal, has been 
observed to regularly interact with both tigers and 
leopards. Such interactions have taken place over 
kills and otherwise. In this report, five such inter¬ 
actions are described. It was found that the pack’s 
behaviour of surrounding bushes and trees on which 
the cat was confined precluded immediate escape. 
The presence of sentinels, while the pack was resting, 
warned the pack of the presence of a big cat and 
the pack grouped when a big cat appeared. Costs 
to both individuals within the dhole packs and the 
cats involved in the encounters were found to be 
slight. The reasons for such potentially costly en¬ 
counters could be competition for finite food resources 
or thwarting predation. Dholes have a significant diet 
overlap with both leopards and tigers and aggressively 
encounter with leopards but not with tigers. Differen¬ 
ces between diet overlaps may not be the basis behind 
the differences in aggression. It is more likely that, 
the small size of leopards and the tact that they 
predate more often on dholes, cause dhole packs to 
be more aggressive to leopards than to tigers. The 
size of carnivore groups may thus pose an advantage 
during competitive interactions among carnivore 
species. 

Agonistic interactions between carnivore species have 
been observed during the defence of kills. Lions (Pan- 
thera leo) regularly defend their kills from the spotted 
hyaena (Crocuta crocuta)\ One of the adaptive forces 
moulding the formation of packs in the African wild 
dog (Lycaon pictus) may be the advantage in numbers 
for the defence of kills from other species such as the 
spotted hyaena and for appropriation of kills from other 
carnivores. In the Selous National Park, Tanzania, wild 
dogs co-operated in the defence of kills from spotted 
hyaenas which managed to appropriate only 2% of wild 
dog kills (Creel and Creel, unpublished manuscript). In 
contrast, in the Serengeti National Park where hyaenas 


*For correspondence 


live in larger groups, the duration that wild dogs retained 
their kills depended on the ratio of individuals of the 
two species present^. Selous wild dogs often appropriated 
kills from other carnivores. Very pertinent to this report 
were the observations that leopards were driven up trees 
on two occasions and on one of these occasions a kill 
was appropriated (Creel and Creel, unpublished manu¬ 
script). Hyaenas and lions were also occasionally driven 
off kills which were later appropriated (Creel and Creel, 
unpublished manuscript). 

Accounts of interactions between dhole or Asiatic 
wild dog packs {Cuon alpinus) (for a description of 
dhole biology, see refs. 3 and 4) and other major 
carnivore species do occur, with most of the accounts 
concerning those with the tiger {Panthera tigris) and 
the leopard {Panthera pardusf'^~^^. The outcome of these 
encounters though more often favouring the dhole packs 
involved (when tigers or leopards were killed or driven 
off), did on occasions result in members of dhole packs 
getting wounded or killed. 

Here I report five separate instances of a dhole pack 
interacting with four leopards and one tiger (Table 1). 
One encounter involved one of our study packs and 
four, the other. The two dhole packs involved in the 
encounters have been monitored since 1988 and have 
their home ranges within the Dr J. Jayalalitha sanctuary 
(formerly Mudumalai sanctuary), Nilgiris District, Tamil 
Nadu, India"^. Corroborating the above observed en¬ 
counters are three other encounters (dhole packs inter¬ 
acting with two leopards and one tiger) which have 
been reported to the author by other observers. Based 
on this evidence I feel that such encounters are at the 
least, not infrequent and have a strong basis behind 
them. This paper therefore describes the above five 
encounters and attempts to look at two hypotheses as 
to why such encounters take place. The first hypothesis 
is that dhole packs aggressively encounter with leopards 
and prefer not to with tigers, as the former’s prey may 
significantly overlap with that of dholes while the latter’s 
does not. Coupled with overlap in prey are the relative 
differences in body weights between the two cats in 
question and a pack of dholes. Leopards weigh 2-3 
times less than tigers do and are an easier adversary 
for dholes to take on^'^. Even if tigers’ prey overlap 
significantly with those of dholes, the greater body 
weight differences may result in a high cost of interaction 
causing the interacting dhole pack to avoid tigers. The 
second hypothesis is that leopards may prey on single 
dholes and the aggressive encounters occurring within 
common hunting areas may drive away leopards, at 
least temporarily, thwarting sneak attacks on single 
dholes separated from the pack while hunting. 

Table 1 summarizes the details of the above encounters. 
In all cases where dhole packs encountered leopards, a 
considerable amount of effort was deliberately put into 
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Table 1. Details of dhole-large cat interactions 


Date 

Cat 

Estimated 
wt. of cat 
(kg) 

No. of 
adults 

No. of 
pups 
<lyr 

Context 

Behaviour 
of cat 

Behaviour 
of pack 

Time spent 
in interaction 
(min) 

Consequence 

21.8.93 

Leopard 

50 

8 

6 

None 

Climbed 4 
separate trees 

Entire pack surrounded 
all 4 trees on which 
cat climbed and initially 
prevented cat from 
climbing down 

50 

Leopard escaped 
without wounds 
or wounding any 
dhole 

9.1.94 

Leopard 

80 

5 

1 

(1 yr 1 month) 

Den 

Climbed bush 

Entire pack surrounded 
bush on which cat 
climbed and prevented 
cat from climbing 
down 

96 

Leopard escaped 
without wounds, 
inflicted scratches 
on 2 dholes 

23.5.94 

Leopard 

50 

11 

6 

None 

Climbed tree 

Entire pack surrounded 
tree 

20 

Leopard escaped 
without wounds 
or wounding dholes 

16.9.94 

Tiger 

>200 

10 

8 

None 

Initially 
approached 
pack and then 
moved away 

Single dhole gave 
alarm calls after seeing 
tiger. Single dhole con¬ 
fronted tiger and then 
moved away. Pack 
moved away and 
bunched up. 

5 

Mutual avoidance 
resulting in no 
wounds to tiger or 
dholes 

18.1.95 

Leopard 

50 

8 

2 

Chital 

kill 

Leopard driven 
from its kill 
and then 
driven up tree 

Dholes kept leopard up 
tree after hunting 
sambar unsuccessfully 
and consumed entire 
carcass 

30 

Leopard left after 
dholes finished 
eating carcass and 
left 


harassing the carnivore. The encounter with the tiger 
suggests, in contrast to the literature, that dholes may 
prefer not to engage directly with a larger adversary. 
An earlier account, reported by an observer to the 
author, which occurred during the study period, confirmed 
this speculation. A pack of six animals was enough to 
engage a leopard for 1 h 35 min with a small cost to 
pack members. Ten dholes were sufficient to deter a 
tiger from confronting with the pack. Nine dholes could 
appropriate a kill from a leopard, after hunting unsuc¬ 
cessfully for at least the last 24 h, thereby providing 
an alternative source of food. 

The first hypothesis tested is that such interactions 
arise over competition for finite food resources. Out of 
12 species the three carnivores feed on^^, we have 
chosen 5 for subsequent analysis. The hair of 5 species 
have been identified in the scats of the three carnivores, 
collected from the study area (Arumugam, unpublished). 
Because of the lack of density estimates, data from 
black naped hair (Lepus nigricollis) has been deleted 
from any analysis involving density estimates. Observed 
values of the 4 prey species for each predator are the 
occurrences of hair of each prey species among the 
total scats collected from that predator. In a chi-square 
test for independence, expected values are obtained by 
assuming that hair occurs among scat in accordance to 
the number of scats produced from a kill of each prey 
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species and the densities of the 4 prey species within 
the home ranges of the 2 study dhole packs^^ From a 
3x4 contingency table (Table 2), with the 4 prey 
species as rows and the three carnivores as columns, 
we obtain a chi-square value of 1158 (d.f = 6, P<0.01). 
All three carnivores kill far more chital and sambar 
than expected but less gaur and cattle which gives rise 
to the highly significant result. A niche overlap index 
was also calculatedBlack-naped hare and another 
class called ‘others’"^ has been included in the analysis. 
The values obtained are dhole-leopard: 0.922, dhole- 
tiger: 0.915, leopard-tiger: 0.939. This analysis indicates 
that there is considerable over lap between the diets of 
each of the three carnivores and the overlap is similar 
for all carnivore pairs. Therefore, if prey overlap is 
the reason behind the dholes aggression towards carni¬ 
vores, they should be equally aggressive to leopards 
and tigers. 

The other hypothesis tested is that leopards may 
predate on single dholes and such encounters deter them 
from doing so, by driving them away, at least temporarily, 
from common hunting areas. Predation on dholes by 
leopards, though not observed during the study period 
(October 1990-March 1995), has been reported in the 
literature". Dhole hair occurred in 2% of leopard scat 
(as compared to 0.6% of tiger scat)*^. Dholes while 
resting, always have a sentinel and are alerted by alarm 
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Table 2. Observed and expected numbers of occurrences of hair 
of 4 prey sp)ecies found in scat of dhole, leopard and tiger 



Dhole 

Leopard 

Tiger 

Prey 

Obs. Exp. 

Obs. Exp. 

Obs. Exp. 

Chital 
(Axis axis) 

501 280.93 

(172.40) 

117 80.45 

(16.60) 

43 29.45 

(6.23) 

Sambar 

(Cervus 

unicolor) 

243 78.52 

(344.54) 

76 24.19 

(110.93) 

48 12.45 

(101.53) 

Cattle 

136 347.30 

(128.56) 

82 110.93 

(7.54) 

19 40.43 

(11.36) 

Gaur 

(Bos gaurus) 

0 173.25 

(173.25) 

1 60.42 

(58.44) 

1 28.67 

(26.70) 

Total chi-square value = 1158.09 

Densities (in km^): Chital = 25.03, Sambar = 6.61, 
Gaur = 14.38. Data from ref. 20. 

Chi-square values for each cell entry, in brackets. 

Cattle = 23.39, 


calls of other mammals such as the common langur 
{Presbytis entellus), chital {Axis axis) and sambar (Cervus 
unicolor) (Venkataraman, unpublished). Furthermore, in 
the second encounter described, the leopard was in the 
proximity of a den containing young pups. It is very 
likely that harassment may deter sneak attacks on single 
dholes and pups. Dholes often separate during hunting 
and have elaborate acoustic communication for reassem¬ 
bling^. As mentioned earlier, packs have vigilant members 
who may thus deter attacks on the group. 

In the Bandipur National Park, Karnataka, India, 
leopards and dholes competed for similar-sized prey but 
competition was reduced by the leopard’s ability to 
climb and cache prey in trees. Moreover dholes killed 
more fawns and aged chital, while leopards killed chital 
of all ages. Tigers may coexist with dholes because of 
several factors such as spatio-temporal use of habitat 
and sex and size of prey‘d. Leopards and dholes killed 
prey of the same weight class while tigers killed prey 
of a higher weight class. Dholes, however, had a 
preference for male chital, while leopards did not. Tiger 
predation was biased towards adult males in chital, 
sambar, wild pig and towards young gaur^^. Even though 
a significant diet overlap has been reported in this paper, 
competition may be reduced by niche partitioning based 
on age and sex differences of the prey species and 
spatio-temporal use of the habitat and prey. This may 
still cause a reduction and consequent difference in the 
overlap between the diets of dholes, leopards and tigers. 


However it is more likely that because leopards are 
smaller in size and predate more frequently on dholes, 
they are more aggressively dealt with than tigers are. 
Even though the ultimate reasons for such confrontations 
cannot be elucidated with certainty, it is quite evident 
that a pack could successfully accomplish what a single 
dhole or even a pair may not. Pack members successfully 
kept leopards on trees and bushes by surrounding them. 
A pack could obtain food by driving a leopard away 
from its kill. A single dhole detected a tiger and warned 
the pack. The pack bunched up invoking ideas of the 
selfish herd paradigm^^ The tiger did not directly con¬ 
front the pack avoiding a major cost to the pack. 

Speculations about the evolution of group size in 
carnivores have hitherto concentrated primarily on the 
benefits of numbers while hunting^^. This report brings 
to light another advantage of numbers in geographical 
regions where conflicts between major carnivores may 
be a definite selective force for the evolution of 
groups. 
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Estimates of global methane 
production from rice paddies based 
on substrate requirement 

Sabyasachi Ghosh, M. C. Jain and Suresh K. Sinha 

Division of Environmental Sciences and Water Technology Centre, 
Indian Agricultural Research Institute, New Delhi 110 012, India 

Estimates of methane emission from rice paddies are 
highly variable and hence debatable. Most of the 
estimates were made without consideration of the 
substrate requirements. A mole of glucose should 
normally produce 2 moles of methane yielding 178 mg 
methane from 1 g of glucose, in our incubation experi¬ 
ment only 10—11% of this potential efficiency was 
realized. Estimates of biomass of globally produced 
rice were made from the yield of rice and thus of 
the potential leaching of the organic substances which 
gives an upper limit of 13 Tg global methane produc¬ 
tion from rice paddies. 

Rice paddies have been identified as an important source 
of methane*. This was based on some experiments which 
did not simulate rice-growing conditions of Asia where 
92% of the world’s rice is grown. The experiments in 
Europe and US had high organic matter and nitrogen 
in the soil (200 kg N ha"‘) and continuous standing water 
with an yield of 7000 kg ha~^ as against Asian soils 
with low organic matter and low fertilizer input, which 
varies from none to 150 kgNha“‘ with an yield average 
of hardly 2000 kg ha“^ In most of the experiments the 
emphasis was on developing suitable techniques of sam¬ 
pling and gas chromatography. However, the important 
observations on diurnal variation in methane emission, 
and the maximum flux of methane coinciding with the 
maximum biomass of the crop were not utilized for 
understanding the limits of methane production. The 
microbial and biochemical basis of methane production 
has been known", according to which a source of carbon 
is essential for methane production. Here we report the 
estimates of methane emission from rice paddies on the 
basis of requirement of carbon source. 

Rice-paddy soils are the source of methane, for which 
there ought to be a source of carbon. This could be 
either organic carbon or constant supply of carbon source 
(carbohydrate or organic acids) from the crop itself^ 
Since soil organic carbon is apparently not a major 
source of methane because about no methane is produced 
from soils without a rice crop, hence, it was assumed 
that a carbohydrate such as glucose would simulate 
rice-paddy soil for methane production. 

Soil samples were taken at random from a depth of 
0-15 cm from a plot of 500 m" after the rice harvest. 
The samples were air-dried and sieved through 2 mm 
mesh screen. The soil samples were incubated at 30± TC 
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and 35± TC temperature in conical flasks of 1 1 capacity 
each. This range of temperature was chosen because at 
this temperature rice cultivation in India takes place 
and methanogenic activity is maximum. Provisions were 
made in the flask for measurements of pH and Eh, 
collection of gas samples for methane estimation and 
collection of liquid samples for estimation of acetate 
content. 

Two hundred and fifty grams of air-dried soil was 
taken in each flask and distilled water was added to 
cover the soil with a 5 cm deep layer of water. Nitrogen 
gas (99.998%) was flushed every 3 days for 5 min to 
ensure complete anaerobic conditions. Two treatments, 
viz. control (no glucose) and 1 g glucose, were given 
to the soil (250 g) in different incubation flasks in three 
replicates. 

Gas samples were collected using 1 ml gas-tight syringe 
through a three-way valve at a regular interval of 24 h 
for 30 days. Supernatant water samples were also drawn 
from the side port of the flask to estimate acetate 
content. Volume of samples was replenished by equal 
amount of water. 

Gas samples were analysed for methane on a Packard 
Gas Chromatograph (Model 438) using flame ionization 
detector (FID)"^. Stainless steel column packed with 
molecular sieve 5 A 60—80 mesh at a temperature of 
80“C was used for methane analysis. The injector and 
detector were kept at 100°C. Nitrogen at a rate of 
15 ml min"^ and H^ at a rate of 25 ml min"‘ were passed 
through as carrier and fuel gases respectively. The 
equipment was calibrated and frequently checked against 
the standard gas samples. 

Five ml sample of supernatant aqueous phase above 
the soil was obtained using a syringe through a side 
port and was passed through Whatman No. 1 filter 
paper. The acetate concentration was measured using 
an Ion Chromatograph (Dionex, Dionex Corporation, 
USA) fitted with a suppressed conductivity detector and 
integrator. The column used was 4S 4A-5C. The eluent 
was a mixture of 1.7 mM sodium bicarbonate and 1.8 mM 
sodium carbonate in the ratio of 1 ; 1 with a flow rate 
2 ml min~^ The pump pressure was 1160psi. Samples 
were injected through a loop of 25 |ll1 automatically by 
a pneumatic pressure-operated injector and the excess 
volume was flushed out. The anions were separated in 
the column and detected by the conductivity detector 
and the chromatograms were recorded by the integrator. 
The acetate concentration in the samples was determined 
with reference to a standard solution of 30 ppm acetate 
prepared from ammonium acetate (AR grade). 

The pH was measured using the combined electrode 
in the soil solution through the side port of the flask 
using digital pH meter. Century-model CP 901. Eh 
(redox potential) was recorded using the same pH cum 
mV meter. A platinum micro electrode prepared in the 
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laboratory was installed permanently in the flask and a 
calomel electrode through side port served as a reference 
electrode. 

Methane production from control (absence of glucose) 
at 30“C showed a steep rise from day 7 onwards and 
reached a maximum value of 0.07 pg g"^ day"^ by day 
18. The production then declined to 0.01 pg g"* day"'. 
The pH during the experimental period varied between 
7.1 and 7.9. However, Eh reached - 157 mV by day 13 
and then remained between -183 and -234 mV from 
day 17 onward (Figure 1). The correlation coefficient 
between methane emission and Eh and pH independently 
was -0.90 and 0.16 respectively (Table 1). 

The incubation of the soil with 1 g glucose gave an 
emission of 8.88 pg g"’ day"' on day 15, being 130 times 
higher than the control (Figure 1). The Eh also declined 
sharply to -480 mV by day 10 and reached -498 mV 
by day 25. Initially, the pH was reduced to 6.2 but 
with the decline in methane production it increased and 
reached a value of 7.9. The correlation coefficient 
between emission and Eh was - 0.82, and between 
methane emission and pH it was -0.14. Table 1 gives 
the correlation coefficient between methane emission 



^PRODUCTION [C] -PEh [C] -^PRODUCTION [1g] Eh [1g] 

The soil was incubated at 30"C 

Figure 1. Time-course of redox and methane production with or 
without glucose amendment. 


Table 1. Correlation coefficients for the relationship of 
methane emission with Eh and pH in soils with and without 
glucose amendment 


Incubation 


temperature 

Treatments 

Eh 

pH 

At 30°C 

Control 

-0.90* 

0.16 


1 g glucose 

-0.82* 

-0.14 

At 35^ 

Control 

-0.91* 

0.04 


1 g glucose 

-0.90* 

0.03 


*Significant at 1%. 


with Eh and pH. At 35°C, the maximum production of 
methane (9.03 pgg"' day"') was observed on day 10. 
The Eh of the system declined below -200 mV by day 
12 and reached -410 mV on day 14. The production 
of methane declined to 0.154 pg g"'day"' by day 30. 

Acetate accumulation started by day 5 and day 6 
when the Eh was still above -100 mV. In the treatments 
of 1 g glucose at 30 and 35''C acetate accumulation 
preceded methane emission. Figure 2 shows this relation¬ 
ship at 35“C. 

Methane production from rice paddies has been esti¬ 
mated considering microbiological processes and also 
the potential requirements of substrate for methane emis¬ 
sion^. Since plants do release organic substances, such 
as, sugars and organic acids, these substances would 
serve as substrates for methane production and other 
microbial activities such as growth, multiplication and 
production of metabolites. Assuming that eventually 
glucose is the substrate, then 32 g methane would be 
produced from 180g glucose if there was no reduction 
of CO 2 to methane or 178 mg methane would be produced 
for 1 g of glucose. In our experiment the maximum 
amount of methane production was 17.49 mg and 19.16 
mg from 1 g glucose at 30 and 35“C respectively. This 
means that the substrate utilization efficiency was only 
10% and 11% at 30 and 30“C respectively. 

The cause of such low efficiency of the conversion 
of glucose to methane may be due to the following 
reasons: a) A part of the glucose may be converted to 
carbon dioxide or got bound in clay organic matter 
complexes, thus reducing efficiency; b) Inhibitory nature 
of some of the end product in the process of methane 
formation may reduce efficiency; c) Methane oxidation 
in the upper layers of the soil by methanotrophic bacteria 
may reduce efficiency. 

These data can now be used for assessing the carbo- 



“I" Methane emission “‘"Acetate 

The soil was incubated at 35‘C 

Figure 2. Effect of 1 g glucose as a substrate on methane emission 
and acetate accumulation. 
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hydrate requirements for methane production. According 
to the IPCC (1992), the annual average production of 
methane from rice paddies is llO Tg. If the efficiency, 
as experimentally observed, is taken into consideration, 
it would require 1100 million tonnes (10% efficiency) 
or 1000 million tonnes (11% efficiency) of glucose or 
glucose equivalent for producing 110 million tonnes of 
methane. Assuming the harvest index of 40%, with an 
annual rice paddy production of 527 million tonnes, the 
maximum biomass would be 1300 million tonnes. All 
estimates made so far suggest that plants can release 
organic substance up to 10% of their weight through 
roots^. Thus, a maximum amount of 130 million tonnes 
may be available as substrate for methane production. 
From this amout only 11 to 13 million tonnes of methane 
can be produced. Thus an upper limit of 13 Tg methane 
production from rice paddies can be expected. Any 
assessment ignoring biological aspects of the mechanism 
of methane production is an artifact of methodology. 


1. Climate Change—The IPCC Scientific Assessment (eds Houghton, 
J. T., Jenkins, G. J. and Ephraums, J. J.), Cambridge University 
Press, 1990. 

2. Wassman, R., Papen, H. and Rennenberg, R., Chemosphere, 1993, 
26, 201-217. 

3. Sinha, S. K., Curr. ScL, 1994, 68, 643-646. 

4. Cicerone, R. J. and Shelter, J. D., J. Geophys. Res., 1981, 86, 
7203-7209. 

5. Tukey, H. B., Annu. Rev. Plant Physiol., 1970, 21, 305-324. 
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Bacillus thuringiensis, a biocontrol 
agent for major tea pests 

N. Unnamalai and Vaithilingam Sekar 

School of Biotechnology, Madurai Kamaraj University, Madurai 625 021, 
India 

A preliminary screening was carried out to determine 
the efficacy of crystal proteins of nine strains of 
Bacillus thuringiensis to control two lepidopteran pests 
of tea plants. Among these strains B, thuringiensis 
var. kurstaki HDl and HD73 were highly toxic, 
B, thuringiensis var. thuringiensis HD2 was moderate¬ 
ly toxic, B, thuringiensis var. aizawai HD133 showed 
low toxicity, while the other strains showed no toxicity 
towards these pests. The LC 50 values of the three 
toxic strains and that of the purified crystal protein 
of the highly toxic strain HDl were determined by 
laboratory bioassays. 

Tea is an important plantation crop of India and is 
affected by many pests. The two most economically 


important lepidopteran insect pests of tea are the leaf- 
feeding caterpillars, Caloptilia theivora (leaf roller) and 
Cydia leucostoma (flushworm), belonging to the family 
Gracillariidae and Olethreutidae respectively. They cause 
considerable damage to young leaves of the tea plant 
by destroying the apical bud and tender leaves, thereby 
arresting the shoot growth. 

The choice of conventional insecticides to be used 
on this crop is limited because of concerns related to 
consumer protection and environmental safety. Hence 
the search for effective biopesticides for the management 
of tea pests becomes appropriate. We undertook a study 
on the feasibility of the use of Bacillus thuringiensis, 
a well-known entomopathogen, as a biopesticide in tea 
plantations. 

We carried out a preliminary screening for the efficacy 
of the crystal proteins of various B. thuringiensis strains 
belonging to class I which are known to be toxic to 
lepidopterous insects (Table 1). These strains were cul¬ 
tured on nutrient agar plates (peptone, 5 g; NaCl, 5 g; 
yeast extract, 1.5 g; beef extract, 1.5 g; distilled water, 
1000 ml; pH 7.4) for four days at 30°C. One plate was 
used for each strain. The resultant spore-crystal mixtures 
were scraped off the plates, washed once in 0.5 M NaCl, 
followed by three washings in sterile water and 
resuspended in 1 ml of sterile water containing a protease 
inhibitor phenylmethylsulphonyl fluoride, at a concentra¬ 
tion of 1 mM. These crude preparations were stored at 
-20"C until further use. 

The pure crystal protein preparation was made from 
the spore-crystal mixture of HDl (ref. 1). The purity 
of the crystals was 95% as determined by light micros¬ 
copy. The level of purity of crystals was also confirmed 
by SDS-PAGE analysis^. Protein concentration of the 
spore-crystal mixtures of all nine strains and the purified 
crystal fraction of the strain HDl were estimated by 
the dye-binding method^ after solubilizing the crystal 
inclusions at 37“C in 10 mM NaOH (pH 10.5) containing 
25 mM dithiothretol. 

Prior to setting up bioassays, the surface area of the 
leaves was measured. Preliminary bioassays were con¬ 
ducted using crude spore-crystal samples obtained from 
the nine strains of B. thuringiensis towards larvae of 
flushworm and leaf rollers. Assays were done at 28‘'C 

Table 1. Various strains of B. thuringiensis used in the study 


Strain Serotype 


B. thuringiensis var. kurstaki strain HDl 3a 3b 

B. thuringiensis var. kurstaki strain HD73 3a 3b 

B. thuringiensis var. thuringiensis strain HD2 1 

B. thuringiensis var. aizawai strain HD 133 7 

B. thuringiensis var. indiana strain HD521 15 

B. thuringiensis var. dakota strain HD551 16 

B. thuringiensis var. Pakistani strain HD395 13 

B. thuringiensis var. morrisoni strain HD 12 8a 8b 

B. thuringiensis var. galleriae strain HD207 13 
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Table 2. 

Bioassays using the spore-crystal mixtures of various 

B. thuringiensis strains" 


Percentage mortality after 72 h* 

Strain 

Flushworm 

Leafroller 

HDl 

70 

60 

HD73 

60 

65 

HD2 

45 

45 

HDl 33 

30 

25 

HD521 

0 

0 

HD511 

0 

0 

HD207 

0 

0 

HD12 

0 

0 

HD395 

0 

0 

Control* 

0 

0 


* Water-coated leaves were used as control. 

‘^Leaves coated with 200 ng cm~~ of crude crystal protein were used. 
^Average of three replicates. 


Table 3. Toxicity of selected crude/purified crystal proteins 
against flushworm and leafroller 


Strain 

Flushworm* 

Leafroller* 

TP** 

^50 

(ng cm"-) 

95% fiducial 
limits 

T p ** 
^50 

(ng cm"^) 

95% fiducial 
limits 

HDl 

185.36 

151.39-226.95 

174.97 

143.84-212.82 

HD73 

208.95 

171.70-254.28 

184.05 

150.31-225.35 

HD2 

22L79 

184.39-266.78 

296.67 

178.60-492.80 

Purified HDl 

40.97 

37.02-45.35 

33.93 

30.07-38.28 


*Larval mortalities scored after 72 h. 


values were calculated from three independent bioassay tests. 

by coating fresh individual tea leaves w'ith 200 ng cm"^ 
of protein from crude spore-crystal preparation and 
placing the 2nd iristar larvae over it. In all bioassays, 
a total of 20 larvae/treatment (5 larvae/leaf) were used. 
The percentage mortality was scored after 72 h. A control 
was maintained by coating sterile distilled water on the 
leaves. All bioassays were repeated three times. 

LCjg values of crude spore-crystal samples of the 
three toxic strains were estimated by conducting larval 
bioassays. Different concentrations of crude samples 
(100, 150, 200, 250, 300 ng cm"^) and the pure crystal 
protein of the most toxic strain ( 20 , 30, 50 and 75 ng 
cm ) were used in the bioassays. The data were subjected 
to probit analysis'*. 

The results of preliminary bioassays showed that 
B. t. var. kurstaki HDl, HD73 and 5. t. var. thuringiensis 
HD2 were toxic to the pests. B. l. var. aizawai showed 
some toxicity, while the other strains showed no toxicity 
towards these pests (Table 2). 


Among these three strains, HDl and HD73 were most 
toxic to both flushworms and leafrollers. The LC^o value 
of HDl towards flushworms was 185.36 ng cm’^ with 
a 95% fiducial limit (FL) of 151.39-226.95 and that of 
HD73 was 208.95 ng cm’^ (FL = 171.70-254.28). The 
LCjo value of HDl towards the leaf rollers was 174.97 
ng cm-^ (FL= 143.84-212.82) and that of HD 73 was 
184.05 ng cm"^ (FL= 150.31-225.35) (Table 3 ). The 
LC 50 value of the purified crystal protein of HDl was 
40.97 ng cm“^ and 33.93 ng cm’^ respectively for flush- 
worms and leafrollers (Table 3). The low values 
observed for the purified crystal proteins when compared 
to the crude preparations may be due to the presence 
of significant amounts of the spore proteins in the cmde 
samples. 

Attempts to control pests of tea plant using B. thurin¬ 
giensis were made by Kariya^ in 1977. Recently, CrylA(a) 
protein of Fu-2-7 strain was reported to be about half 
as toxic against smaller tea tortrix as the strain HDl. 
It is known that B. thuringiensis var. kurstaki strain 
HDl produces several lepidopteran toxic proteins such 
as CrylA(a), CrylA(b), CrylA(c), CryllA and CryllB 
while, HD73 produces only CrylA(c) protein^ Since the 
LC 50 values for the strain HD73 (containing CrylA(c) 
protein only) and HDl (containing several Cry proteins) 
were quite similar, it is likely that CrylA(c) may be 
more toxic. Other Cryl proteins such as CrylA(a), 
CrylA(b) and CrylB produced by the strains HDl and 
HD2 may also exhibit some toxicity. Studies to establish 
the relative efficacy of individual Cry proteins to control 
leafrollers and flushworms are underway. 


1. Murty, M. G., Srinivas, G., Bora, R. S. and Sekar, V., / Microbiol. 
Methods, 1994, 19, 103-110. 
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3. Bradford, M. M., Anal. Biochem., 1976, 74, 248-254. 

4. Finney, D. J., in Probit Analysis, Cambridge Univ. Press, London, 
1971. 

5. Kariya, N., Study of Tea (Japan), 1977, 53, 51-55. 
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Morphology of zircons in massive 
and incipient charnockites of 
southern Kerala: Their bearing on 
the origin 

G. R. Ravindra Kumar and Narayanaswamy 

Centre for Earth Science Studies, Akkulam, Trivandrum 695 031, India 

Morphological characteristics of zircons in massive 
and incipient charnockites show contrasting features 
between the two types. Significantly greater 
length/breadth ratio in massive charnockite suggests 
crystallization in igneous environment, whereas zir¬ 
cons of incipient charnockites point to extended 
transport, eventual rounding and deposition in 
sedimentary environment. Further, morphological 
data agree with the petrological and geochemical 
observation that the incipient charnockites are 
probably the highgrade (granulite facies) reaction 
products of metasediments (argillaceous and 
arenaceous) whereas massive charnockites developed 
from igneous protoliths. 

Zircon is an accessory mineral of great interest in many 
rocks. The relative abundance, colour, elongation ratio, 
degree of rounding of zircons can give positive expression 
as to the nature of origin of the host rock. In the past, 
several attempts have been made to resolve some con¬ 
troversial petrogenetic problems of distinguishing igneous 
rock types, origin of granite, metasomatized rocks, dif¬ 
ferent igneous intrusions in an igneous complex, 
ortho/para nature of gneisses^"^ using the statistical 
parameters of zircons. Zircon study has been found 
especially significant in the study of granite. 

We have attempted here the morphological study of 
zircons to address the mode of origin of two types of 
incipient and massive charnockites. The incipient char¬ 
nockite is seen as foliation-blurring discordant coarse¬ 
grained patches and the massive charnockite occurs as, 
occasionally banded, large units in southern Kerala. Our 
interpretation of statistical data is based on the knowledge 
of field relationships and the observation of several 
workers^"^ that zircons retain a large extent of their 
premetamorphic characteristics through higher grade of 
metamorphism and can survive crustal melting events 
and remain unrecrystallized even under granulite facies 
conditions. 

Southern Kerala is essentially a granulite-facies terrain. 
A major shear zone called the Achenkovil shear zone 
separates the high-grade terrain into a northern region 
dominated by garnet- and graphite-free massive char¬ 
nockites, from the southern region dominated by 
metasedimentaries. The metasedimentary unit, also 
known as Kerala khondalite belt (KKB) consists of 
graphitic garnet-sillimanite-biotite-cordierite gneiss with 
less abundant calc-silicate and quartzites. Widespread 
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occurrences of incipient charnockites are noted within 
the supracrustal assemblages of the KKB. Rb-Sr and 
U-Pb dating of khondalite group suggest the age of 
khondalite to be 1900-2200 my (ref. 9-11). It has been 
suggested by Chacko et al}^ that the khondalite belt 
may be representing Proterozoic fault-bounded basin that 
received much of its arkosic sediments from granitic 
high lands and deposited over the pre-metamorphic 
equivalent of massif charnockites (tonalitic orthogneiss). 
The incipient charnockite-forming event appears to be 
a late Proterozoic event (540 my (ref. 9)). Previous 
morphological study of zircons of khondalites and mas¬ 
sive charnockites suggested respectively sedimentary and 
magmatic origin for the rock types In this study we 
have selected an incipient charnockite from Nedumangad 
(Lat 8 42''; Long 77“02") and a massive charnockite 2 
km east of Vadasserikara (Lat 9“21"; Long 76^50") to 
study the morphological characters of zircons and to 
verify the data against the prevailing views that (a) 
charnockites in southern Kerala are magmatic^^ and (b) 
the massive charnockites are igneous and incipient char¬ 
nockites formed from metasediments^’^^’^"^. 

The massive charnockite was collected from the 
northern margin of the Achenkovil shear zone and at the 
northern terminus of the KKB. The rock is medium 
grained with greenish to greyish black colour. It occurs 
as a large massive body with no diagnostic structural 
element in quarry exposures but the weathered portions 
reveal gneissic layering. The rock is made up of a 
typical granulite facies assemblage of quartz + alkali 
feldspar + plagioclase (An^^) + hypersthene + hornblende + 
magnetite and zircons, set in a hypidiomorphic texture. 
Graphite and garnet are absent. 

The incipient charnockite was collected from a fresh 
active incipient charnockite quarry near Nedumangad. 
The charnockite is interlayered with graphitic garnet 
biotite gneiss. Sillimanite-bearing pelitic gneiss (khon¬ 
dalite) occurs few metres away but in the same inter¬ 
layered sequence. Distinct planar fabric defined by garnet 
and biotite is present in the charnockite. No cross cutting 
relation between gneiss and charnockite, which could 
be assigned to an igneous process was observed. The 
field relationships between gneiss and charnockite are 
similar to those seen in incipient charnockite localities 
of south Kerala^’^"^. The rock is coarser grained with a 
mineralogy of quartz + K-feldspar + plagioclase (An 35 ), 
garnet + biotite + hypersthene + graphite + ilmenite and 
zircon set in a homogeneous granoblastic texture. 

Zircon was separated following the method of Murthy 
et al}^. The work involved crushing of samples to -60 
mesh, washing to eliminate fine powder fraction and 
heavy mineral separation at 1.4 amperage with forward 
slope of 15° and side tilt of 20° using isodynamic 
separator. The nonmagnetic concentrate containing zircon 
was treated in methylene iodide and clericii solution. 
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Table 1. Morphological data of zircons 


Charnockite 

Colour 

Euhedral/ 

terminally 

rounded 

Rounded 

Over 

growths Metamict 

Inclusions 

MC 278: Massive 
(ortho) 

Colourless 

91.5 

2.5 

8 

1.5 

53.5 

IC 279: Incipient 
(para) 

Colourless to 
light brown 

75 

25 

3.5 

2 

34.5 

Table 2. Statistical data on zircons 

Charnockite X 

Y N 

SX SY 

r 

a 0 

aa 

Dd 

Massive 0.3027 

Incipient 0.2009 

0.1162 200 
0.1137 200 

0.1185 0.0376 
0.0891 0.0429 

0.5345 

0.0457 

0.3173 17'’36" 
0.4815 25°46" 

0.0189 

0.0340 

13.69 

35.51 


Final purification was made by hand picking under 
stereobinocular microscope. Two hundred unbroken zir¬ 
cons were used for statistical morphological studies 
(Tables 1 and 2). Statistical compu_^ations are based on 
the measurement of mean length (X), mean breadth (T), 
standard deviation of length (SX) and breadth (5y)> 
standard error of slope (oa), coefficient of correlation 
(r) and relative dispersion (Dd). 

Zircons generally occur as tiny crystals in very minor 
quantities in both the rocks. They are translucent and 
colourless, which are characteristic of granulite-facies 
varieties^^’*^. Minor occurrence of hyacinth coloured 
varieties is noticed. Four types of zircons are noted in 
both the rock types, viz. euhedral, terminally rounded, 
subrounded and rounded. Globular and rod-like inclusions 
are fairly common in zircons but overgrowths and zoning 
are uncommon. 

The statistical parameters of zircons are given in Table 
2. In massive charnockite, zircons vary in length from 
0.11 to 0.8 mm and breadth from 0.05 to 0.29 mm. Up 
to 73% is terminally rounded and does not show any 
angle between length and C-axis. 25% of zircon popula¬ 
tion is made up of euhedral crystals (Figure 1 a). Over¬ 
growths are negligible. The size-frequency study, 
following the method of Larsen and Poldervaart^ suggests 
length maxima, depicting polymodal prominent peak at 
0.225 mm and breadth maxima depicting a monomodal, 
prominent peak at 0.1 mm (Figure 2 a, b). The elongation 
curve is sharp monomodal with a maxima at 2.5 mm 
(Figure 2 c). 

In incipient charnockite a high percentage of rounded 
zircons (- 25%) was noted (Figure 1 b). Euhedral and 
terminally rounded zircons make about 18% and 57% 
respectively. Overgrowths are seen in about 4% of the 
zircons. Variable angle between length and C-axis is 
noted in the rounded zircons. 

The data of length (0.08-0.54 mm) and breadth (0.05- 
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Figure 1. a. Zircon crystals from massive charnockite. Note the 
corroded and terminally rounded margins and euhedral shape. Zircon 
crystals in incipient charnockite. Observe that a majority of zircons 
show rounded and a few show euhedral shapes. 
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Figure 2. Size frequency data of zircons of massive (unbroken line) 
and incipient chamockite (broken line) plotted against (a) length, (b) 
breadth and (c) length/breadth. 

0.32 mm) analysed according to Larsen and Poldervaart^ 
suggest polymodal length maxima at 0.175 mm, and 
sharp monomodal prominent peak with a breadth maxima 
at 0.75 mm (see Figure 2 a, b). Elongation curve is 
sigmoidal (Figure 2 c). 

A statistical method of treating zircon by reduced 
major axes (RMA) technique was developed and tested 
by Larsen and Poldervaart^. It is considered to depict 
the growth trend line of zircon. This trend line also 
provides a means of evaluating any differences between 
the rock types. This method follows a simple principle 
that zircons crystallized from the same magma will have 
similar physical properties and follow a linear distribution 
in length-breadth scatter diagram. To test the differences 
between the incipient and massive charnockites, the 
reduced major axes of these rocks have been plotted 
(Figure 3) following the method of Larsen and Polder- 
vaart^. The visual comparison of RMA shows significant 
variation with different slopes for incipient and massive 
charnockites. The variation in the slope decreasing with 
increase in elongation of zircons shows that these rock 


0 0.08 0.16 0.24 0.32 0.4 

Length (mm) 

Figure 3. Reduced major axes of length (mm) and breadth (mm) 
measurement of massive (unbroken line) and incipient chamockite 
(broken line). 

types belong to diverse source region and have entirely 
different nature of origin. The noncomparable RMA 
slope position of euhedral and rounded zircons of in¬ 
cipient chamockite suggests dominant detrital nature and 
the rounding of zircons as due to sedimentary processes. 
However, similar tests on the zircons of massive char- 
nockite suggest a comparable RMA slope, suggesting 
the rounding of zircons of these charnockites to be due 
to corrosion^^. 

From the present study it is clear that the characteristics 
of zircon in massive chamockite are in contrast to those 
in the incipient charnockites. Higher percentage of 
euhedral zircons is seen in massive chamockite whereas 
the zircons of the incipient chamockite are detrital in 
character and have relatively greater percentage of 
rounded zircons. This suggests that the precursor rocks 
of incipient and massive charnockites may have formed 
in different environments. Terminally rounded nature of 
zircons ascribed to corrosion, and relatively higher 
euhedral zircons in massive charnockites favour igneous 
origin. Moderately well rounded and a few terminally 
rounded zircons in incipient charnockites suggest diverse 
source and some of them to be reworked. Further, the 
zircons from massive chamockite have significantly 
greater length/breadth ratios than the incipient char- 
nockite zircon varieties. The low length/breadth ratios 
of zircons of incipient chamockite are consistent with 
a sedimentary protolith for this rock type. Although 
less, significant presence of euhedral zircons and ter¬ 
minally rounded zircons in incipient chamockite supports 
the contention that the immediately adjacent high land 
areas where massive chamockite are abundant^® provided 
the detritus to the depositional basin, whereas the rounded 
zircons suffered a long distance transport. 
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Annual Review of Immunology 1995. 
William E Paul, ed. Annual Reviews Inc., 
4139, El Camino Way, Palo Alto, Califor¬ 
nia, 94303-0139, USA. Price: USA $ 48, 
elsewhere $ 53. VoL 13. 729 pp. 


The first ‘personal essay’ in the first 
volume of the Annual Review of Immuno¬ 
logy in 1983 was written by Elvin Kabat, 
who watched over the progress of immune 
phenomena from physiology to biochemi¬ 
stry. The first actual review in that volume 
was written by Gustav Nossal, who writes, 
a dozen years later, the personal essay 
for this volume, and documents the 
progress of immune phenomena from the 
cellular to the molecular level. The dif¬ 
ference between those two transitions is 
central to what has happened in immuno¬ 
logy over the past decade, as a shift from 
the organism to its cells, and from 
biochemical to molecular events. 

However, before examining this volume 
further—what are the Annual Reviews 
supposed to do, anyway? According to 
the editors, they keep those not directly 
working in the area ‘up-to-date’. This is 
meaningful only if the ‘updating’ involves 
concepts, since few who do not work in 
an area are interested in its experimental 
facts. But, since the existence of the 
Annual Review of Immunology was justi¬ 
fied in 1983 for its editors [who are still 
at its helm] by the sheer bulk of work 
in immunology, it is more likely that the 
reviews would be collections of technical 
facts rather than ground-breaking concep¬ 
tual arguments, which is what happens, 
albeit with rare honourable exceptions. 
The reviews are compendia more than 
commentaries, and they seem to be con¬ 
tent to be that, especially given, one 
supposes, the number of other ‘review’ 
periodicals in immunology that are pithier, 
shorter and ‘laity-friendly’. 

One result of this is that ‘comprehen¬ 
siveness’ has become a special virtue for 
these volumes. This has led to two things. 
One, they simply tend to document the 
changing faces of experimental systems 
or ‘phenomena’ in immunology. This is 
aggravated by the fact that immunology 
is still a science that is frequently shifting 
its basic paradigms as the result of major 
experimental discoveries of ‘phenomena’, 
so that ‘theories’ seem more ephemeral 
to immunologists than they do, perhaps, 
to professionals in other, more ‘estab¬ 
lished’ sciences, although the allure of 


immunology also lies in that uncertainty. 
Two, this virtue of comprehensiveness 
has led the editors of the Annual Reviews 
of Immunology to declare [in the first 
volume itself] that appropriate scientists 
would be asked to write reviews on a 
broadly representative range of topics in 
immunology. This has meant that 
reviewed areas have not necessarily seen 
any major recent changes fundamental 
enough for the reviews to be anything 
but compendia of technical facts. All this 
makes the Annual Reviews of Immunol¬ 
ogy, and this volume no less than previous 
ones, boring to the casual reader from 
sister disciplines, and of utility mainly to 
workers looking for an easy survey of 
their field, with the pitfall that, since 
these are still reviews written by in¬ 
dividuals, the ‘comprehensiveness’ may 
after all be idiosyncratic and less than 
all-embracing. 

In judging the success of such a volume, 
therefore, all the poor reviewer can do 
for the lay reader is to survey what the 
volume does review, and, maybe, what 
possible lacunae there may be. But the 
latter is made difficult by the fact that 
the process of selecting topics and 
reviewers begins about two years before 
the publication of an Annual Reviews 
volume. Results of recent days that may, 
one thinks, merit a mention, such as the 
DM gene products, will therefore find 
space only in later years. This means 
that the wish of the editors of Current 
Science, that the book reviewer should 
essay a short review of the state of the 
art, would create an untenable situation 
where the book reviewer discusses issues 
that the volume itself does not mention. 

After all this, what DOES this volume 
actually contain? Well, one can perhaps 
divide work that passes under ‘immuno¬ 
logy’ into four broad areas: one, issues 
of interest uniquely to immunologists and 
for the moment to few other people, 
which usually means the generation and 
consequences of the clonally diverse 
recognition mechanisms that are the 
mainstay of the vertebrate immune system 
and are what classical immunologists 
mean by ‘adaptive’ immunity; two, issues 
that deal with a broader notion of 
‘defense’ in eukaryotic organisms or what 
classical immunologists call ‘innate’ 
immunity; three, analyses that simply use 
the immune system to answer questions 
of general interest to all biologists such 
as in developmental regulation and signal 


transduction; and four, what everybody 
is interested in, how immunology ex¬ 
plains, treats, prevents, or cures diseases. 
The present volume has a reasonable 
selection of subjects representing this en¬ 
tire range, in the proper tradition of ‘politi¬ 
cal correctness’. In fact, it is instructive 
to look at how much of the present 
volume is dedicated to diseases—almost 
a half of it as opposed to barely a fifth 
in the first volume in 1983. This reflects 
both the fact that immunology has 
matured enough to be able to look at 
diseases without looking foolish, as well 
as the changing political climate for re¬ 
search funding everywhere, which has, 
in this era of post-modern conservatism, 
come to insist on immediate delivery of 
usable value for every penny spent on 
research. 

Thus, adaptive immunity is represented 
by discussions about selection of the T 
cell repertoire, the effects of deletion of 
the MHC class II molecules in engineered 
mice, the basis of immune reactivity to 
so-called type 2 T-independent antigens, 
interleukin-12, and the relevance of CD 19 
in generating B cell responses. Innate 
immunity is represented by peptide anti¬ 
biotics of mammalian origin, by the 
transcriptional regulation of complement 
genes, by the interactions of bacterial 
lipopolysaccharide with the immune sys¬ 
tem, and more dubiously, by a discussion 
of the effects of the neuro-endocrine axes 
on ‘autoimmunity’. Issues of general 
interest in biochemistry and molecular 
biology discussed include the role of the 
bcl-2 gene product in cell survival and 
death, signalling through cytokine recep¬ 
tors in haemopoietic cells, and potassium 
and calcium channels in lymphocytes. 
Reviews that purport to deal with diseases 
in the context of the immune system 
cover a very wide range, from situations 
where the disease is simply a tool for 
fundamental questions in adaptive im¬ 
munity such as the essay on retroviral 
superantigens, through ‘softer’ issues such 
as the immune responses to Leishmania 
major, hepatitis B virus and HIV, via a 
discussion of the genetics of a so-called 
autoimmune disease animal model in the 
non-obese diabetic mouse and an attempt 
to link another disease ‘model’, reactive 
arthritis, to a more baffling disease, 
rheumatoid arthritis, finally to pieces that 
deal with therapeutic possibilities. These 
last possibilities reviewed are mostly con¬ 
ceptual right now, and even there many 
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of them are vague. They range from 
cytokine adjuvants for cancer im¬ 
munotherapy to T cell therapy for human 
viral diseases and the possibilities in 
xeno-transplantation of organs, and they 
could be said to end in a notable review 
of the politics and mechanics of im- 
munodiagnostic tests, in the example of 
HIV. This is an eclectic collection by any 
standards, and as would be expected, the 
quality varies, although few fall below the 
minimum required for coherence and ‘com¬ 
prehensiveness’. There is, in fact, a reas¬ 
suring air of ‘solidity’ about the latter virtue. 

There is, however, a sense of rote about 
many reviews despite being well-written, 
because they do not seem to stem naturally 
from exciting new breakthroughs in their 
area, but rather come as though an a 
priori decision had been made to include 
them for extraneous reasons. The sterling 
exception to that, and arguably the best 
review in the volume, is the review by 
Bevan and his colleagues on the selection 
of the T cell repertoire. It provides a 
terse and succinct background, sets up 
the theoretical paradox—that T cells need 
to recognize something during their deve¬ 
lopment in order to be identified as useful 
and allowed to survive, but if they do 
recognize anything in the body at this 
time they are killed off in order to avoid 
the dangers of autoreactivity. Having 
stated the dimensions of the problem, the 
review then looks at the periphery of the 
problem, so to say, and examines the 
current status of ideas and data on, for 
example, the role of co-receptors in such 
selection and how these co-receptors are 
regulated during selection, before plung¬ 
ing into the genesis and testing of the 
various possible hypotheses that can 
explain the interactions between T cell 
receptors and their ligands that has made 
this so fermenting a field in recent years. 
The demonstration that peptides have a 
significant role to play in positive selec¬ 
tion rather than only in negative selection 
of T cells, of landmark value enough by 
itself, is thus set in context and taken 
further to bold predictions of what may 
be happening in vivo —a peroration that 
fits well at the end of a rattling good read. 
Would that more reviews in this com¬ 
modious compendium were as riveting. 

Satyajit Rath 

National Institute of Immunology, 

Aruna Asaf AH Marg, 

New Delhi 110 067, India 


Annual Reviews of Medicine 1995. Cecil 
H, Coggins ed. Annual Reviews Inc, 4139, 
El Camino Way, Palo Alto, California 
94303-0139, USA. Vol. 46. Price: USA 
$ 47, Elsewhere $ 52. 549 pp. 


Medical literature has become a big jungle 
these days, what with more than 30,000 
biomedical journals pouring in data at a 
phenomenal pace. A novice in the field 
will find it difficult, if not impossible, 
t^ get at the rose wood and the teak 
wood in the jungle, instead he may get 
lost in the midst of the dead wood. Books 
like the medical annual will go a long 
way in helping people to know the useful 
research data and the milestone develop¬ 
ments in their respective fields. This kind 
of book also could give the distilled 
wisdom in the field. ‘Where,’ said T. S. 
Elliot, ‘is the wisdom we seem to have 
lost in knowledge?’ and ‘where,’ he asked, 
‘is the knowledge we seem to have lost 
in information?’ To convert the whole 
lot of information from the ordinary jour¬ 
nals one needs to have a system whereby 
the juniors could get at the truth. 

The editors of the medical annual have 
a very difficult task to pick and choose 
only a small fraction of the new 
knowledge generated during the year 
under review. The chapters in this book 
will, perforce, have to be patchy and 
choosy. However, this edition has been 
more than fair to the subjects under 
review. They have also selected the right 
people to do the reviews. People like 
Norman Kaplan, Erik Mogenson and 
Mark Pfeffer are all giants in their own 
fields, to mention only a few whose work 
I have direct experience of. 

Molecular biology, new face of tuber¬ 
culosis, brain imaging in schizophrenia, 
newer viruses, ventricular remodelling and 
organ transplantations are all the hot 
topics of the day and have all been 
judiciously reviewed. The index is a 
pleasure for the reader. 

As in the previous issues of the medical 
annual which I have been following ever 
since 1964, the present one has kept up 
its high standards of the contents and the 
contributors. I had the pleasure of review¬ 
ing this good book two years ago for 
the British Postgraduate Medical Journal 
where I had expressed similar sentiments. 

The book has been produced well, the 
print and the paper are also good. Overall 
this book should get very high marks 


and I have no hesitation to recommend 
it strongly. This must be compulsory 
reading for all the postgraduates and 
others in practice. I would have been 
happier if they had included a review of 
the newer problems in the field of tropical 
diseases, as some of them like malaria, 
have come back with a vengeance, and 
do not follow the old time pattern at all; 
as also the dangerous scenario of noso¬ 
comial infections. 

The research into malaria and its 
molecular biology is more than just of 
practical importance. It has more to it 
than what meets the eye. An important 
current topic is the localization of genes 
implicated in the susceptibility to common 
chronic diseases. This has been greatly 
facilitated by the use of polymerase chain 
reaction. An interesting recent observation 
has been the apparent protection against 
autoimmune diseases like rheumatoid 
arthritis and systemic lupus erythematosus 
in areas of west Africa where malaria is 
endemic, in contrast to the high incidence 
of these in west African-origin Americans. 
If this is correct, it would be a good 
example of the old saying that ‘autoim¬ 
munity is the price paid for eradicating 
infectious diseases’. 

The book is highly recommended des¬ 
pite these remarks. 

B. M. Hegde 

Kasturba Medical College, 

Mangalore 575 001, India 


Tropical Diseases: Molecular Biology 
and Control Strategies. Sushil Kumar, 
A. K. Sen, G. P. Dutta and R. N. 
Sharma, eds. CSIR, New Delhi. 1994. 
773 pp. 


The prevalence of tropical diseases in 
India has some very impressive statistics: 
Forty million people are chronically in¬ 
fected with fiiariasis, 4 million with 
leprosy, 0.25 million with Leishmaniasis, 
1.5 million tuberculosis cases, 1,0 million 
malaria cases and equally dreadful number 
of people with diarrhoeal infection in a 
year. Rough, probably conservative, esti¬ 
mates these are. As if these diseases are 
‘inseparable but terrible companion of 
man’ in this country. The urgency to 
control these diseases cannot be over- 
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emphasized. Paradoxically, guidelines to 
control programmes are rather well 
known. These are chemotherapy, early 
diagnosis, development of vaccines, 
eradication of vectors and imparting health 
education to the community. But nothing 
could be easier said than done. Effective 
eradication of tropical diseases poses 
formidable challenges. There are 
‘friendly’ vectors (mosquitoes, flies) to 
transmit some ‘deadly’ diseases like 
malaria, filaria, kala-azar, encephalitis, 
etc. Poor hygienic and socio-economic 
condition add to the misery and severity 
of the disease. (Parasitic diseases are un¬ 
fortunately diseases of poor people.) In 
addition to a plethora of such problems, 
one is faced with pathogens getting resis¬ 
tant to drugs and vectors to insecticides. 
The organisms have developed sophisti¬ 
cated survival mechanisms to neuti'alize 
host’s immune response, to act as ‘smoke 
screen’ so that host is unable to elicit 
protective inamunity against the organism. 
(The process of parasitism is as old as 
life itself.) Answers to these problems 
can be found in understanding the fun¬ 
damentals of host—parasite interactions. It 
is the belief of many researchers including 
the present reviewer that new strategies 
to control tropical diseases can be 
developed by the application and resour¬ 
ces of biomedical sciences to pinpoint 
new drug targets, to develop diagnostics, 
to identify and clone protective antigens. 
It is indeed appropriate that CSIR, as a 
part of its Golden Jubilee celebration, 
brought together 250 scientists and 
research scholars working in tropical 
diseases for a national symposium held 
at Central Drug Research Institute, Luck¬ 
now (February, 1992), India. Tropical 
Diseases—Molecular Biology and Control 
Strategies is the title of the book, which 
consists of 93 papers presented at this 
symposium. 

About half of the book is on filariasis 
and malaria. Discussion on filariasis 
begins with a paper on the natural history 
of infection followed by two papers on 
immunodiagnosis. The natural course of 
filariasis, which is a chronic disease, span¬ 
ning decades needs to be established. The 
natural course of events starting from 
infection (bites of mosquitoes carrying 
infective larvae of the parasites) to the 
onset of clinical symptoms in humans 
will undoubtedly be complex, and needs 
to be studied. A good diagnostic should 
be able to ‘detect’ target population (be 


it asymptomatic microfilaraemic indivi¬ 
duals or clinical filarial patients or even 
individuals ‘exposed’ to the infection). 
Early diagnosis of filariasis is a key area 
linked to control. Present efforts are 
directed in developing assay systems to 
detect microfilaraemic carriers. The two 
papers sum up the progress employing 
antibody and antigen assays. The latter 
system detects active infection (presence 
of parasite) in contrast to antibody assay 
which in principle cannot differentiate 
present from past infection. The last words 
on this difficult subject definitely have 
not been said. Two papers deal with 
protective mechanisms in filariasis using 
animal models. Extension of such studies 
to humans needs to be initiated. The 
drugs available for treatment and control 
of filaria are unsatisfactory and limited. 
The widely used Diethylcarbamazine 
lacks adult worm-killing activity, produces 
adverse reactions in humans, thereby 
limiting its use for mass therapy. The 
alternative, Ivermectin, is no better. There 
is thus a need to synthesize interesting 
molecules or to identify plant products 
that could be used as drugs in filariasis. 
Five chapters are about this subject. Vec¬ 
tor control measures either for malaria, 
or filaria or kala-azar constitute a vital 
component in tropical diseases research. 
Four papers discuss this topic. The con¬ 
tents range from application of anti-vector 
agents in plant extracts, larvivorous fish 
(Gambusia affinis), insecticide impreg¬ 
nated bed nets, insecticides, to even physi¬ 
cal removal of weeds (breeding sites) by 
community participation. 

The ability of Plasmodium falciparum, 
the major parasite for human malaria, to 
overcome anti-malarial drugs is a major 


hindrance to the control of malaria both 
in individual and community levels. There 
are nine papers on the synthesis and 
mode of action of anti-malarial drugs. 
Efforts are made firom CDRI, Lucknow, 
to synthesize better derivatives of Chinese 
drug Quinghasou (Artemesin) against 
cerebral malaria and new 8-aminoquinoline 
derivative (CDRI 80/53) against P. vivax 
infection. The biochemistry of malarial 
parasites and parasitized erythrocytes is 
a subject of extensive research. A set of 
eight papers addresses this issue. Enzymes 
of the parasites have been proposed to 
be the target of drug design, diagnoMc 
and protective antigens. These assump¬ 
tions rest on the premise that parasitic 
enzymes should differ substantially from 
host (mammalian) enzymes in structural 
and immunochemical properties. In most 
cases they are. Antibodies to lactate 
dehydrogenase of P. falciparum were 
demonstrated as serodiagnostic marker in 
malaria, polyamine oxidase as potential 
target for chemotherapy of protozoan dis¬ 
eases. The characterization of lactate 
dehydrogenase as a possible immunodiag- 
nostic agent indicates an important find¬ 
ing. The production of reactive oxygen 
species by phagocytic cells is known to 
be a general defense mechanism against 
various pathogens. The role of free radi¬ 
cals and lipid peroxidation in malaria has 
been discussed in two papers. Develop¬ 
ment of vaccines for malaria with the 
usual steps of antigen identification, 
immunogenicity and adjuvant selection is 
fairly at advanced level compared to other 
parasitic diseases of man. Two papers 
report interesting work using synthetic 
peptides of RESA (ring infected erythro¬ 
cyte surface antigen) and MSA (major 
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merozoites surface antigens) of P. falci¬ 
parum. 

There are six papers on the visceral 
leishmaniasis or kala-azar. Immuno- 
diagnosis will be highly useful in leish- 
mania, diagnosis of which at present 
depends solely on biopsy materials. The 
procedure is painful and inconvenient. 
DOT-ELISA and direct agglutination tests 
have been recommended for immuno- 
diagnosis and are discussed comprehen¬ 
sively in three papers. A paper describes 
the generation of monoclonal antibodies 
to L. donovani whose utility should have 
been explored. A set of thirteen papers 
discusses mycobacterial infections, tuber¬ 
culosis and leprosy. Most of the papers 
are about the immunodiagnosis. A 
monoclonal antibody-based assay was 
described to be useful for diagnosing 
progressive form of leprosy. Paediatric 
population is the worst sufferer in any 
infection, tuberculosis is no exception. It 
is of interest to note that excretory 
secretory antigens of M. tuberculosis 
could be used as diagnostic antigen in 
detecting pulmonary and extrapulmonary 
tuberculosis in children. The diagnostic 
utility of ES antigen has parallel in the 
previous work of this group (Sevagram) 
in filariasis, A paper reported the lack 
of production of oxygen radicals from 
macrophages of leprosy patients and the 
consequent killing ability; which interest¬ 
ingly can be restored by delipidified cell 
component of M leprae. Immunology of 


leprosy is often synonymous with poor 
delayed type hypersensitivity reaction and 
immune unresponsiveness. An easily culti¬ 
vable mycobacterium, M. habana, has 
been reported to break this immunological 
tolerance. Development of vaccine has 
been a major focus in leprosy research. 
Immunotherapeutic potential of much 
known ICRC (Indian Cancer Research 
Centre) vaccine has been described in 
one paper. A single dose of vaccine can 
significantly upregulated M. leprae- 
specific immune responses in lepromatous 
leprosy patients. 

Seven papers are about micro-organisms 
{E. histolytica, Giardia lambia. Vibrio 
cholerae, E. coli) that cause diarrhoeal 
disorders. Papers on the molecular biology 
of cholera and designing drugs based on 
molecular mechanism of diarrhoea are 
noteworthy. There are also two articles 
on ‘ubiquitous’ liposomes, as drug deli¬ 
very vehicle specifically in malaria and 
in systemic fungal infections. As the role 
of liposomes in reducing the toxicity of 
drugs is now well known, its application 
at least in the later disease and kala-azar 
may well be accepted for humans in future. 

A lone paper on Japanese encephalitis 
mention the generation of cytotoxic T 
lymphocytes and the nature of infected 
cell lysis. A paper on DNA probes 
describes the usefulness of the technology 
in detecting infections for M. tuberculosis. 
There are papers on the genetics of anti¬ 
biotic resistance in pathogenic A. cineto- 


bacter, a gram-negative bacteria capable 
of causing diverse infections and also on 
human oncogene expression. 

The role of traditional medicines (Ayur¬ 
veda) in the health care of a traditional 
country like India is very important. A 
paper describes the activity of plant 
extracts, selected on the basis of etheno- 
botanical information, against bacteria 
{Klebsiella sp., E. coli. Shigella flexneri) 
causing gastrointestinal and urinary tract 
infections. Clinical trial of ‘Mahakhandaw 
churna’ showed it to be very promising 
in intestinal amoebiasis compared to 
metronidazole. 

There are some weaknesses which are 
inevitable perhaps in a book with such 
a broad range of topics with so many 
contributors. Some topics (disease) have 
been dealt reasonably comprehensively, 
some cursorily. I wonder if the editors 
could not have organized the papers under 
sections diseasewise for instance. The 
book is not free from printer’s error 
either. Nevertheless the editors are to be 
congratulated for preparing the book 
which will be an useful addition to the 
libraries of all laboratories engaged in 
parasitic disease research. There is some¬ 
thing for everyone here. 

Manoj K. Das 

Regional Medical Research Centre, 
Bhubaneswar 751 016, India 


Edited and published by Prof. S. Ramaseshan and Prof. P, Balaram, Current Science Association, Bangalore 560 080. 
Typeset by RD Typesetters, Bangalore 560 010. Printed by Lotus Printers, Bangalore (Ph: 3380167). 
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MEETINGS/SYMPOSIA/SEMINARS 


Centenary Seminar on Applied X-Rays 

Date: 18-19 December 1995 
Place: Madurai 

Topics include: Crystal growth and characterization; High- 
pressure X-ray diffraction; Crystal structures; Defect character¬ 
ization; Imaging plate technique; Crystalline solid solutions; 
Other related topics. 

Contact: Prof. S. K. Mohanlal 

Convener, Centenary Seminar on Applied X-rays 
Department of Physics, Madurai Kamaraj University 
Madurai 625 021 
Phone: 0452-85252 
Fax: 0452-85239 


DAE Homi Bhabha Chair for Distinguished Scientists/Profes¬ 
sors including Engineers and Technologists 

The Department of Atomic Energy has established the DAE 
Homi Bhabha Chair. There would be a total of not more than 
8 such awardees of which 4 would be tenable at any of the 
research centres of the DAE and autonomous institutions aided 
by it and another 4 at Indian Universities or other academic 
and research institutions in the country. 

Contact: Shri B. K. Saha 

Joint Secretary (R&D) 

Dept of Atomic Energy 
Chhatrapati Sivaji Maharaj Marg 
Bombay 400 039 

Phone: 022-2022492 (O), 3631987 (R) 

Fax: 022-2048476 


International Workshop on Advanced Plastics and Rubber 
Composites (TWAPRC-96) 

Date: 15-22 January 1996 
Place: Kharagpur 

In this workshop, a comprehensive discourse is envisaged on 
advanced polymeric composites comprising advanced plastics 
and elastomer matrices, newer fibres, manufacture of composites, 
mechanics of composites and structure-property, etc. 

Contact: Prof. R. P. Singh/Prof. C. K. Das 
Materials Science Centre 
Indian Institute of Technology 
Kharagpur 721 302, India 
Phone: (03222) 2221-2224 extn.4792, 7792 
Fax: 91-03222-2303 
E-mail: rps.matsc.iitkgp.ernet.in 


XIV All India Cell Biology Conference of the Indian Society 
of Ceil Biology 

Date: 23-25 February 1996 
Place: Calcutta 

Topics include: Cellular and molecular parasitology; Plant 
molecular biology and biotechnology; Human diseases: Diag¬ 
nostics, mechanisms and therapeutic aspects; Animal reproduction 
and biotechnology; Structure-function of genes and chromosomes 
and cellular regulation. 

Contact: Dr Dwijen Sarkar/Dr Pratap K. Das 
Joint Secretaries 

XIV All India Cell Biology Conference 

Indian Institute of Chemic^ Biology 

4 Raja S. C. Mullick Road, Calcutta 700 032 

Tel: 033-473 6793/0492/3491/3493 

Fax: 033-473 0350/5197 

E-mail: iicb%simetc@ sirnetd.ernet.in 


National Conference on Recent Trends in Vibrational 
Spectroscopy 

Date: 26-28 February 1996 
Place: Meerut 

Topics include: Vibrational spectroscopy of molecules; Electronic 
spectroscopy of molecules; Laser and laser-based spectroscopy; 
Vibrational analysis and molecular structure; Spectroscopic 
studies and molecular structure; Theoretical methods; Spectros¬ 
copy of metal-complexes; New techniques; Other related topics. 

Contact: Dr V. K. Rastogi 

KC-68/1, Old Kavi Nagar 
Ghaziabad 201 002 
Phone: 0575-840374 
Fax: 011-2413388 


Contact Programme for Excellence in Diagrammatics and 
Cartography in Earth Sciences 

Date: 22-29 February 1996 
Place: Pune 

Topics include: Various aspects of diagrammatics in earth 
sciences and principles of representations; Computer aided 
graphics and demonstrations. 


Contact: Dr Vivek S. Kale (Local Coordinator) 
Department of Geology 
University of Pune 
Pune 411 007 

Phone: 0212-356061 ext. 2115 

Fax: 0212-479 306 

E-mail: Vivek @unipune.emet.in 
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XVin Conference of the Indian Association for General 
Relativity and Gravitation (Dedicated to Prof. S. Chandra¬ 
sekhar) 

Date: 15-17 February 1996 
Place: Madras 

The programme will consist of plenary sessions, special session 
and sessions for contributed papers covering topics from classical 
gravity, cosmology, gravitational radiation, relativistic 
astrophysics, quantum gravity (including strings), etc. There 
will be a session on the late Professor Chandrasekhar. 

Contact: Dr G. Date 

Institute of Mathematical Sciences 
C.LT. Campus, Tharamani 
Madras 600 113 
Tel: 044-235 1856 
Fax: 044-235 0586 
E-mail: sham@imsc.ernet.in 


First International Conference on Molecular Association 

Date: 18-20 March 1996 
Place: Aligarh 

Molecular association (including organic conductors, semicon¬ 
ductors and super conductors) with special section on biological, 
environmental and biomedical applications and chemical educa¬ 
tion is being organized at Aligarh. 

Contact: Dr Pushkin M. Qureshi 

Conference Director, ICMA 96 
Laboratory of Molecular Association 
Department of Chemistry, AMU 
Aligarh 202 002 


Tel (Day) 0571-400515 
T. Fax: 009(571) 400076 
Telex: 564-230-AMU-IN 


Sheet Metal Working ’96 

Date: 22-23 October 1996 
Place: Hanover, Germany 

The Conference Theme: Process-and quality assurance in sheet 
met:4 working and tool and die making. 

Contact: Verein Deutscher Ingenieure VDI 

VDI-Gesellschaft Produktionstechnik (ADB) 

Postfach 10 11 39 
D 40002 Dusseldorf 
Germany 

Fax: +49211 6214 575 


Physical and Biological Changes across the major Geological 
Boundaries 

Date: 10-12 September 1996 
Place: Lucknow 

Topics proposed: Precambrian-Cambrian Transition; Permo-Tri- 
assic boundary; Cretaceous-Tertiary boundary; Pleistocene- 
Holocene boundary. 

Contact: Dr P. K. Maithy 
Convener 

Birbal Sahni Institute of Palaeobotany 
53, University Road 
Lucknow 226 007 
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All India Institute of Medical Sciences 

Ansari Nagar, New Delhi 110 029 

Training in Electron Microscopy for Scientific Investigators for a period of 21 days 

w.e.f. 19.2.96 to 12.3.96 


A training programme for a duration of three weeks will be held in the Electron Microscope Facility 
at the All India Institute of Medical Sciences, Ansari Nagar, New Delhi 110 029. 

Applications are invited on plain paper stating the following: 

(1) Name, (2) Age, (3) Postal Address, (4) Educational Qualification(s), (5) Name of the University/ 
Institution graduated from, (6) Positions held with current designation, (7) Whether Permanent/Tem¬ 
porary, (8) A brief write-up on the nature of work and why training in Electron Microscopy is 
considered necessary, and (9) Letter of recommendation from the present employer. Applications 
giving the above information should reach Dr A. K. Susheela, Officer-in-Charge, Electron Microscope 
Facility, All India Institute of Medical Sciences, New Delhi 110 029, within 15 days of publication 
this Advertisement. 

A fee of Rs. 3000/- will be charged for the selected candidates. The mode of payment will be indicated 
in the Letter of Selection. 


BIOINFORMATICS PROJECT 

SCHOOL OF BIOTECHNOLOGY 
MADURAI KAMARAJ UNIVERSITY 

Applications are invited on plain paper for the following post in the Bioinformatics Centre, School 
of Biotechnology, Madurai Kamaraj University, Madurai, 

Position: Junior Information Scientist (Technical) 

Scale of pay: Rs 2200-4000, with usual allowances 

Qualification and Experience 

Candidates with a post-graduate degree in Computer Science or Physics or Electronics or Biophysics 
required. Basic qualification could be relaxed m the case of candidate with exceptional experience. 

Knowledge of computer hardware and networking essential. Experience in VAX-VMS, Unix- 
operating systems and language programming preferred. Familiarity with biology-related software will 
be an advantage. The candidate will be required to manage the computer systems and maintain and 
extend the thick ethernet network connectivity VMS, DOS and Unix operating system. The job entails 
user service-related activities. 

The appointment is for the scheme period ending 31 March 1997. 

Five copies of the application along with the bio-data should be addressed to the Registrar and 
marked to the Scientist-in-Charge, Bioinformatics Centre, School of Biotechnology, Madurai Kamaraj 
University, Madurai 625 021 within fifteen days from the date of this advertisement. 

REGISTRAR 
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And to give you more impact, we’re now bigger, 
and better. 

Write now, or send your copy to 

CURREHT SCIENCE 

C.V. Raman Avenue, P.B. No. 8001, 
Bangalore 560 080. 


NEW Display Advertisement Rates* 

Tariff (rupees) 


Inside pages Inside cover pages Back cover page 


No. of insertions 

Size 

B&W 

Colour 

B&W 

Colour 

B&W 

Colour 

1 

Full page 

5,000 

10,000 

7,000 

12,000 

10,000 

15,000 


Half page 

3,000 

5,000 

- 

- 


- 

6 

Full page 

25,000 

50,000 

35,000 

60,000 

50,000 

75,000 


Half page 

15,000 

25,000 

- 

- 

— 

'• - 

12 

Full page 

50,000 

1,00,000 

70,000 

1,20,000 

1,00,000 

1,50,000 


Half page 

30,000 

50,000 


- 

- 

- 

24 

Full page 

90,000 

1,80,000 


- 

— 



Half page 

50,000 90,000 

SEND PAYMENT BY BANK DRAFT WITH ORDER 




‘Effective from 1 January 1995 


952 


CURRENT SCIENCE, VOL. 69, NO. 11,10 DECEMBER 1995 





CURRENT SCIENCE 

A fortnightly journal of research 

Editors: S. Ramaseshan and P. Balaram 


Editorial Board 

S. Arunachalam, Central Electrochemical Research Institute, 
Karaikudi 623 006 

Asls Datta, School of Life Sciences, Jawaharlal Nehru University, 
New Delhi 110 067 

D. Balasubramanian, Centre for Cellular and Molecular Biology, 
Hyderabad 500 007 

J. Chandrasekhar, Department of Organic Chemistry, Indian 
Institute of Science, Bangalore 560 012 

R. Gadagkar, Centre for Egologlcal Sciences, Indian Institute of 
Science, Bangalore 560 012 

K. N. Ganeshaiah, Department of Plant Genetics and Breeding, 
University of Agricultural Sciences, Bangalore 560 065 

R. V. Hosur, Tata Institute of Fundamental Research, Bombay 
400 005 

N. V. Joshi, Centre for Ecological Sciences, Indian Institute of 
Science, Bangalore 560 012 

Jyotirmoy Das, Indian Institute of Chemical Biology, Calcutta 
700 032 

C. C. Kartha, Division of Cellular and Molecular Cardiology, Sree 
Chitra Tirunal Institute for Medical Sciences and Technology, 
Thiruvananthapuram 695 011 

S. S. Krishnamurthy, Inorganic and Physical Chemistry Department, 
Indian Institute of Science, Bangalore 560 012 

S. C. Lakhotia, Department of Zoology, Banaras Hindu University, 
Varanasi 221 005 

K. Muralidhar, Department of Zoology, Delhi University, 
Delhi 110 007 

R. Narasimhan, CMC Limited, Bangalore 560 001 
K. Neelakantan, ANURAG (Advanced Numerical Research and 
Analysis Group), Hyderabad 500 258 

R. NItyananda, Raman Research Institute, Bangalore 560 080 

T. Padmanabhan, Inter-University Centre for Astronomy and 
Astrophysics, Pune 411 007 

B. R. Pai, Propulsion Division, National Aerospace Laboratories, 
Bangalore 560 017 

T. J. Pandian, School of Biological Sciences, Madurai Kamaraj 
University, Madurai 625 021 

Y. S. Rajan, Department of Science and Technology, New Delhi 
110016 

M, Ramakrishnan, Geological Survey of India, Calcutta 700 016 
A. V. Ramani, T. T. K. Pharma Ltd., Bangalore 560 025 

S. Ramaswamy, Department of Physics, Indian Institute of Science, 
Bangalore 560 012 

A. K. Raychaudhuri, Department of Physics, Indian Institute of 
Science, Bangalore 560 012 

S. R. Shetye, Physical Oceanography Division, National Institute of 
Oceanography, Dona Paula, Goa 403 004 
V. Siddhartha, 51 Bharati Nagar, New Delhi 110 003 
V, Srinivas, School of Mathematics, Tata Institute of Fundamental 
Research, Bombay 400 005 

G. Srinivasan, Raman Research Institute, Bangalore 560 080 
R. Uma Shaanker, Department of Crop Physiology, University of 
Agricultural Sciences, Bangalore 560 065 
K. S. Valdiya, Jawaharlal Nehru Centre for Advanced Scientific 
Research, Bangalore 560 064 

G. Venkataraman, Department of Physics, Sri Sathya Sai Institute 
of Higher Learning, Prasanthi Nilayam 515 134 
M. Vidyasagar, Centre for Artificial Intelligence and Robotics, 
Bangalore 560 001 

K. VijayRaghavan, TIFR Centre, Indian Institute of Science Campus, 
Bangalore 560 012 


Current Science, founded in 1932, is published by the Current 
Science Association in collaboration with the Indian Academy of 
Sciences. The journal is also intended as a medium for 
communication and discussion of important issues that concern 
science and scientific activity. All articles published in Current 
Science, especially editorials, opinions and commentaries, letters 
and book reviews, are deemed to reflect the individual views of 
the authors and not the official points of view, either of the 
Current Science Association or of the Indian Academy of 
Sciences. 


Working Committee, Current Science Association 

P. Balaram, Indian Institute of Science, Bangalore 
R. Chidambaram, Department of Atomic Energy, Bombay 
V. K. Gaur, CSIR Centre for Mathematical Modelling and Computer 
Simulation, Bangalore 

K. Kasturirangan, ISRO Satellite Centre, Bangalore 

P. K. Kaw, Institute for Plasma Research, Gandhinagar 

N. Kumar, Raman Research Institute, Bangalore {Vice-President) 

N. V. Madhusudana, Raman Research Institute, Bangalore {Secretary) 

A. Mani, Field Research Unit, Indian Institute of Tropical 
Meteorology, Bangalore {Past-President) 

R. A. Mashelkar, Council of Scientific and Industrial Research, 
New Delhi 

R. Narasimha, Jawaharlal -Nehru Centre for Advanced Scientific 
Research, Bangalore 

G. Padmanaban, Indian Institute of Science, Bangalore 

{Vice-President) 

R. Ramachandran, The Institute of Mathematical Sciences, Madras 
P. Rama Rao, Defence Research and Development Organization, 

New Delhi 

S. Ramaseshan, Raman Research Institute, Bangalore {Treasurer) 

M. S. Valiathan, Manipal Academy of Higher Education, Manipal 

{President) 

Editorial Office 

Editorial staff 

Chandrika Ramesh, G. Madhavan, T. D. Mahabaleswara, C. S. Ravi 
Kumar, M. S. Venugopal 

Circulation and Accounts 

Peter Jayaraj, Ranjini Mohan, B. Sethumani, Shanthi Bhaskar, 

B. K. Shivaramiah 


Annual subscription 1995 

Institutional 

Personal 

India 

Rs 350 

Rs 100 

All other countries 

US $175 

US $50 

(AIR MAIL) 



Single copies other than special issues: Rs 35/US $15 


Editorial Office: CURRENT SCIENCE 


C. V. Raman Avenue 
P.B. 8001 

Bangalore 560 080, India 
Telephone: 91-80-3342310 
Telex 845-2178 ACAD IN 
Fax: 91-80-3346094 


Copyright © 1995, Indian Academy of Sciences 

















INFORMATION FOR CONTRIBUTORS 


GENERAL 

All manuscripts should be addressed to the Editor, Current Science, 
P. B. No. 8001, C. V. Raman Avenue, Bangalore 560 080. 
Submission of an article will be held to imply that it has not 
been previously published and is not under consideration for 
publication elsewhere; and further, that if accepted, it will not be 
published elsewhere. Three copies of contributions of all categories 
are required, with a letter of transmittal giving (i) names and 
complete addresses of the authors and (ii) title of the contribution 
and the category in which it is submitted (see below). 

Current Science is a multidisciplinary journal and therefore research 
and review papers of general significance that are written clearly 
and well organized will be given preference. All papers will be 
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In this issue 


Solar photovoltaics 

In India as soon as one hears the 
phrase ‘solar energy’ the mind 
slips into a well-oiled groove. 
Visions of ‘appropriate technol¬ 
ogy’ arise. Unwieldy structures 
of wood and galvanized iron 
covered with aluminum foil in 
which blackened vessels are kept 
to boil rice seem to dot the open 
countryside. Unfortunately, no 
low cost method of utilizing so¬ 
lar energy has succeeded com¬ 
mercially. The best way to use 
solar energy is to convert it to 
electricity. While cost of photo¬ 
voltaics as such is a major deter¬ 
rent worldwide, the lack of the 
basic technology itself is of ma¬ 
jor concern in India. 

India now seems poised to take 
its place in the sun. The Central 
Electronics Limited (CEL) under 
the Department of Scientific and 
Industrial Research, Ministry of 
Science and Technology has 
made giant strides in the indige¬ 
nous development of photovol¬ 
taic technology. CEL recently 
won a prestigious international 
tender against stiff competition 
from developed countries. 

Ashok Parthasarathy has al¬ 
ways been a champion of indige¬ 
nous technology. Under his 
guidance, both the National Re¬ 
search Development Corporation 
and the CEL have done a lot to 
commercialize indigenous tech¬ 
nologies for exploitation not 
only in India but abroad as well. 


Parthasarathy et al. describe in 
their article (page 974) how they 
traversed the thorny path 
from the Physics Lab to the 
state-of-the-art photo voltaics 
industry. 

Amorphous silicon cells cost 
less but have a low efficiency. 
Polycrystalline silicon cells are 
much more efficient but at a 
much higher cost. Thin film 
polycrystalline silicon cells show 
great promise of combining high 
efficiency with a relatively low 
cost. 

India has a vast potential for 
tapping solar energy. The efforts 
of CEL should further us consid¬ 
erably towards achieving this 
goal. 

A. V. Ramani 

Mushrooms: Science and myth 

Mushrooms, a complex and ad¬ 
vanced group of fungi, have been 
the centre of folklore, legends 
and magic from time immemo¬ 
rial. They have been a source of 
misconception and superstition 
in many a society, probably be¬ 
cause of their association with 
putrescence and decay and be¬ 
cause of their often unpleasant 
colour and fetid smell. As a 
group, they excel other plants in 
their sheer diversity of form, 
smell, colour and function. They 
have some of the most enviable 
names such as earth ball, the 
blusher, the false blusher, law 


yer’s wig, death cap etc. Botani- 
cally the mushrooms that we see 
soon after a rain, are the fruiting 
bodies of the fungi. While most 
of the mushrooms are sapro¬ 
phytic, a few form beneficial as¬ 
sociation with other plants and 
fewer still are parasitic. 

Amanita muscaria, commonly 
known as the fly-agaric is one of 
the most colourful mushrooms 
and is known for its hallucino¬ 
genic property. This mushroom 
has entered into the folklore and 
ritual of all major religions. Our 
own ‘soma rasa’ is believed to be 
a cocoction derived from this 
fungus. In fact the Rigveda con¬ 
tains hymns in praise of this 
concoction and is said to accu¬ 
rately depict the morphological 
characteristics of the fly-agaric. 
However, not all mushrooms im¬ 
part such intoxication. Many 
contain nearly fatal toxins, 
which have been used time and 
again in history to avenge defeat. 
Infact on this John Gerard, as 
early as 1597, warned as mildly 
as one could ‘a few of them are 
good to be eaten and most of 
them do suffocate and strangle 
the eater!’ In his article (page 
986), C. V. Subramanian reviews 
the fascinating story of these 
mushrooms blending the science 
and the myths. A world of oppor¬ 
tunity to ponder over and work 
in these exciting systems is thus 
unravelled. 

R. Uma Shaanker 
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Current Science on the Internet 

The contents pages of Current Science have been available on the World-Wide-Web for the last 
several months. They can be accessed from the home page of the Centre for Ecological Sciences, 
Indian Institute of Science, Bangalore, using 

http://ces.iisc.emet.in (or http://144.16.65.194). 

To go directly to the home page of Current Science, 

http://ces.iisc.emet.in/Current Science 

can be used. Contents pages for all the issues of Current Science, beginning with the’ 10 July 1995 
(up to 10 November 1995) can be found at the site. Also shown are images of the cover pages of 25 
August 1995 and 10 September 1995 issues. 

There have been over 150 visits to the Current Science home page over the last couple of months 
(excluding those from the many departments within the Indian Institute of Science), for viewing 
both the contents pages and the cover pages. This includes accesses from Canada, Germany, 
Sweden, Netherlands, Japan as well as several educational, commercial, governmental and non¬ 
governmental organizations in the USA and other parts of the world. 

If at all there are any installations which have only ftp access to the internet (and are unable to 
access the World-Wide-'Web), the contents pages can also be downloaded from the anonymous ftp 
site of the Centre for Ecological Sciences (ces.iisc.emet.in). 
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CORRESPONDENCE 


A crisis in engineering education 


There exists an acute shortage of high- 
quality teachers in engineering institu¬ 
tions, particularly in the high technol¬ 
ogy areas. Young talents are not 
attracted to teaching because of the long 
drawn process of acquiring the mini¬ 
mum required qualification (a Ph D for 
IITs, IISc, etc./MTech for others) and 
then starting at the same or perhaps a 
lower salary than what he/she would 
have got had he/she chosen to join in¬ 
dustry immediately after the first degree 
(B Tech). True, there are exceptions, 
but they are so insignificant in number 
that they do not count. Also, even if a 
young talent joins the teaching profes¬ 
sion, the career prospects are rather 
limited, because the salary of the high¬ 
est available position in the profession, 
viz. that of a full professor compares 
rather poorly with that of a comparable 
person in industry. This gap has wid¬ 
ened, rather than shortened, over the 
years, particularly in areas like electron¬ 
ics and computers. The situation is such 
that most of the engineering institutions 


have to make do with whatever is avail¬ 
able in the market, and this is far from 
being a happy situation. Moreover, ade¬ 
quate manpower, even of questionable 
competence, is not available so that 
there exists, always, a significant num¬ 
ber of vacant positions in any institu¬ 
tion. Obviously such manpower cannot 
produce high-quality graduates even if 
the entrants to the courses are of high 
quality. The process, if allowed to con¬ 
tinue, will create, or has already created, 
a vicious circle. For the advancement of 
technology, and for technological prog¬ 
ress of the country, effective and con¬ 
crete solutions to the problem must be 
found and implemented - the sooner, 
the better! i 

What constitutes an effective solu¬ 
tion? To retain high-quality retiring 
teachers for a few more years? This has 
been, and is being tried in many places. 
But then this is, at best, a temporary 
measure and cannot be a permanent 
solution. The obvious solution is to 
make the teaching profession a very 


prestigious one - in monetary as well as 
other terms so that the most talented 
young people are attracted to this pro¬ 
fession, rather than to civil service or 
industry. Let the level of achievement 
demanded for the lowest position be 
high, but let it be justified not only on 
academic grounds but also in terms of 
monetary benefits. This will need a 
substantial change in the attitude of the 
Government and other funding agencies 
towards education to the extent that they 
are willing to allocate to education, a 
budget which compares not too unfa¬ 
vourably with that of some other impor¬ 
tant sector (like defence, for example?). 

Shortage of good teachers in engi¬ 
neering education has reached a crisis 
point and this fact deserves serious con¬ 
cern and attention of all concerned. 

S. C. Dutta Roy 

Department of Electrical Engineering, 
Indian Institute of Technology, 

Delhi no 016, India 


Vitamin C: A vital nutrient 

The review article published by Indu B. 
Chattejee and coworkers (Curr. Sci., 
1995, 69, 747-751) on ‘Vitamin C: A 
potential saviour against free radical- 
induced oxidative damage’ is really a 
beautiful one, picturizing the story of an 
essential nutrient which has varied roles 
in human nutrition. The article has ef¬ 
fectively pointed out the importance of 
vitamin C and how it functions in order 
to prevent the various degenerative dis¬ 
eases and aging. Vitamin C is one of the 
most neglected nutrients in our dietar¬ 
ies. The essential and rich sources of 
vitamin C are green leafy vegetables and 
fruits, which are often neglected. In a 


country like ours where cereal-based 
diet is the staple one, availability of this 
vitamin can only be through the inclu¬ 
sion of green leafy vegetables (GLV) 
and fruits, which has been drastically 
reduced compared to the earlier days 
due to the blind emulation of western¬ 
ized diet patterns, where high-calorie 
diets play an important role, with rela¬ 
tively low vitamin C content. This is 
really a disappointing trend as we have 
rich edible plant diversity, with good 
vitamin C content. The recent tendency 
towards animal foods, which are low in 
vitamin C content, should be checked 
and ample thrust should be giyen to the 
inclusion of GLV and fruits, atleast a 
minimum of 50-75 g daily, in our food 


pattern. The best way would be the raw 
form as far as possible because vitamin 
C is heat labile and easily destroyed 
during prolonged heating, to reap the 
full potential of this vital nutrient. 

Indeed the most important reasons for 
developing many degenerative diseases 
are improper diet pattern and sedentary 
life style. But inclusion of the essential 
nutrients can improve the situation to 
some extent. 

C. S. Kavitha 

Krishi Vigyan Kendra, 

National Research Centre for Spices, 
Peruvannamuzhi, P.0,, 

Calicut 673 528, India 
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NSU, Academy document and science education; Reflections 
and an operation model 


India, as any other developing country, 
is passing through a transformation in 
all spheres of activity. Education, re¬ 
search and the society have much to 
suffer or get benefited by it. As NRIs, 
visiting regularly India and maintaining 
contacts with Indian Universities, we 
are aware that suggestions and propos¬ 
als need to be considered on their fea¬ 
sibility. Otherwise, we continue 
debating etemally. 

Perhaps our tone of discussion should 
change and a few specific questions 
addressed. 

1) How competitive do we prepare 
our youth to face problems and seek 
solutions? 

2) What are the expectations of the 
industry we are attending to? 

3) How good is the output of our re¬ 
search to the society? 

4) How much of time do we spertd to 
prepare ourselves to update our own 
knowledge to pass it on with confidence 
to the students? 

5) How often had we time for self- 
evaluation and self-criticism? 

6) How well can we stimulate youth 
towards confidence in what they learn 
and in what they will face in the pro¬ 
fession? 

7) How much of time do we spend to 
guide and inspire a student to fetch 
exciting ideas, and encourage his ideas, 
without copying them and discouraging 
them? 

8) How can we convince ourselves 
that we are part of a social upbuilding 
and that our contribution in our activity 
is important for the country? 

9) How do we solve these problems? 

There is no harm in having the input 
from people and Academies. Only it is 
necessary to see if they could be feasi¬ 
ble within the existing structure and 


without prejudicing the ongoing activi¬ 
ties in the nation. Expecting everything 
from the Government is unrealistic. 
Thus we also like to give some solutions 
to one of the ideas, with the hope that 
our country could forge ahead with its 
traditional high capacities of talents and 
creativity. 

NSU is feasible 

1) Indian science needs reshuffling to 
activate it further and promote environ¬ 
ment for the generation of intelligent 
ideas and discoveries. 

2) This is possible with the feeding in 
of some new brains and new ideas of 
action, proposed by an NRI. The spirit 
behind the idea is to stimulate a suppos¬ 
edly static system in operation and con¬ 
trol over Indian science. 

3) NRIs are spread all over the world. 
They love India as others in India do. 
They also want to contribute to Indian 
efforts to attain better goals in develop¬ 
ment. As we see, this is the spirit behind 
this NSU proposal. 

4) Any increase in Universities or 
Institutes should not interfere in the 
priorities of the government towards the 
needs of the large mass of citizens. The 
fact that all the product of these new 
Centres of Excellence would revert its 
genius towards the benefit of the nation, 
is not doubted, though it is a question of 
time. 

5) It is absolutely feasible to create a 
group of NSUs spread over India within 
a short period through the direct in¬ 
volvement of a NRI Foundation. 

6) The NRI Foundation will be estab¬ 
lished in the USA. It will be fed and 
controlled by the NRIs. Its main activity 
is to promote the installation, operation 
and maintenance of the NSUs, one after 
another in India. Thus NSUs will be 


Foundation Universities, nonprofit or¬ 
ganizations, but operate as Private Insti¬ 
tutions. The surplus in the annual 
budgets will be reverted to NRI Foun¬ 
dation for its activities. 


Modus operand! 

We are sure that by making proposals 
within the parameters of their feasibil¬ 
ity, all our discussions will be very 
constructive. Thus we believe that 
NSUs are absolutely possible and would 
be very successful. When they adopt a 
NGO structure, access to the NSUs will 
be through merit alone. 

It is easy to make proposals and offer 
suggestions. When convinced, it is not 
difficult to take a lead in trying to make 
them a reality. (Sometimes theory and 
experiment are both correct but do not 
agree with each other; sometimes a 
wrong theory agrees with experiment. 
One must therefore be careful not to 
jump to conclusions^) This depends on 
the desire to succeed, and with a per¬ 
sonal commitment. The authors on pro¬ 
posing this NRIF operational system are 
convinced of its success and thus an¬ 
nounce their decision to be among the 
very first to become Supporting Mem¬ 
bers of the Foundations. 


1. Aharoni, A., Physics Today., June 1995, 
48 , 33. 


A. Bhaskara Rao* 

ViJAYENDRA K. GARG^ 

^Department of Mineral Resources, 
Department of Physics, 

University of Brasilia 
70910-900 Brasilia, Brazil 
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Nobel leptons 


This is the year of the leptons. Of the 
six leptons of today’s particle physics, 
Nobel Prizes were awarded earlier for 
discovering two- of them: the electron 
and the muon-neutrino. This year it is 
the turn of two more leptons, the elec¬ 
tron-neutrino and the tau lepton, to ac¬ 
quire ‘Nobelity’. 

Frederick Reines (University of 
California, Irvine), aged 77, reported 
the first direct evidence for the exis¬ 
tence of the ‘neutrino’ in 1956. He 
performed the experiments jointly with 
Clyde L. Cowan, Jr., who died in 1974. 
The neutrino is a tiny neutral particle 
hypothesized by Wolfgang Pauli, Jr. 
way back in 1930, and was thought to 
be unobservable. Twenty five years later 
and with the invention of the nuclear 
reactor it was possible to verify the 
neutrino hypothesis. 

Martin Perl (Stanford University, 
Stanford), aged 68, assisted by a 35- 
member team, discovered the ‘tau lep¬ 
ton’ in 1975. This particle carries a unit 
of electric charge and weighs approxi¬ 
mately twice as much as the proton. It is 
characterized by a short life of only a 
fraction of a pico-second and has the 
distiction of being the heaviest and the 
shortest-lived lepton. It is interesting 
that while Reines’s neutrino results 
were long hoped for, Perl’s tau discov¬ 
ery came as a complete surprise - that 
too at a time when people were busy 
establishing the charm flavour around 
the same mass. The tau lepton heralded 
the existence of the ‘third generation’ of 
fundamental constituents of matter. 

A brief history of the neutrino 

The neutrino is the smallest bit of material 
reality ever conceived of by man; the 
largest is the universe. To attempt to un¬ 
derstand something of one in terms of the 
other is to attempt to span the dimension 
in which lie all manifestations of natural 
law. Yet even now, despite our shadowy 
knowledge of these limits, problems arise 
to try the imagination in such an attempt. 

F. Reines and C. L. Cowan, Jr.^ 

Neutrino ‘was born’ in a letter written 
by Pauli. This historic letter dated 4 
December 1930 from Zurich, started 
with the unusual greeting ‘Dear Radio¬ 
active Ladies and Gentlemen’, and was 


read out at the Tubingen meeting. Pauli 
mentioned that he had hit upon the 
neutrino as a ‘desperate remedy’ to 
save, among other things, the principle 
of energy conservation in beta decay. 
The letter referred to the hypothetical 
particle as ‘the neutron’ (the nuclear 
constituent -neutron was discovered later 
by James Chadwick in 1932). In Italian 
the word ‘neutrone’ means something 
like ‘large neutral one’. It was Enrico 
Fermi who named the Pauli particle as 
the ‘neutrino’, meaning the little neutral 
one, and that name stuck on. 

In 1931 Pauli visited Rome and dis¬ 
cussed his proposal of the particle with 
Fermi who received the idea with ‘a 
very positive attitude’. Official an¬ 
nouncement of the neutrino by Pauli 
was made at the Solvay conference in 
October 1933, as a particle which pos¬ 
sessed no electric charge but carried the 
missing energy and momentum and es¬ 
caped the detecting equipment. The 
famous beta decay theory of Fermi ap¬ 
peared in 1934. 

It is interesting that even the great 
Pauli did not fully recognize the impli¬ 
cations of the neutrino, particularly in 
regard to its penetrating power. His own 
account of this early period, written 
sometime in 1957, is extremely fascinat¬ 
ing and is now available in English 
translation^. Initially he thought he had 
done a ‘frightful thing’ as the neutrino 
was expected to have penetrating power 
similar to, or about 10 times larger than, 
a gamma ray. However in 1934 Hans 
Bethe and Rudolf Peierls argued that the 
neutrino had to be even more elusive as 
its interaction mean free path had to be 
astronomical in magnitude (note 1). 

It was Bruno Pontecorvo who first 
suggested that the process of inverse 
beta decay could be used as a way to 
establishing the neutrino. In 1946 he 
proposed the celebrated Chlorine- 
Argon radiochemical method and sug¬ 
gested using the source of reactor neu¬ 
trinos^ for the experiment. The Cl-Ar 
method was taken up almost as a life¬ 
long project by the solar-neutrino pio¬ 
neer Raymond Davis, Jr. (note 2). 

Detection of the reactor neutrino 

The first neutrino reaction observed 
(note 3) was the inverse nuclear beta 
reaction 


Vg-bp-^e^ + n, (1) 

driven by the antineutrinos from the 
nuclear reactor. This reaction is essen¬ 
tially the reverse of the neutron decay 
n -b p + e" -b Vg from which it is obtain¬ 
able by transposing the e" to the left 
hand side as a e^ and reversing the re¬ 
action arrow. The energy of the incident 
antineutrino could be deduced from the 
positron momentum: 

Ee+A + [(A2-,7l,2)/2ikfp] 
l-[(Ee-PeCOS0)/^p] 

~Ec + A (3) 

> 1.804 MeV, (4) 

where is the positron energy, is the 

magnitude of its 3-momentum, 0 is the 
positron emission angle with respect to 
the antineutrino direction, and A = M„ - 
Mp= 1.293 MeV is the neutron-proton 
mass difference; the second step ignores 
neutron recoil terms of order (EJMp) 
and the last one gives the reaction 

threshold. 

For MeV range of antineutrino ener¬ 
gies, the positron angular distribution is 
nearly isotropic ((cos 9) = -0.04) and 
the effective cross section may be taken 
to be (note 4) 


where C? is the Fermi coupling con¬ 
stant; for Evg = 2.3 MeV the cross sec¬ 
tion is 

ff2;6xl0“^ cm^. (6) 

The idea underlying the Nobel Prize¬ 
winning experiment was to look for a 
pair of scintillator pulses, the first 
(prompt) pulse due to positron annihi¬ 
lation and the second (delayed) one due 
to capture of the moderated neutron. 
The experiment'* was performed around 
1955-56. The projectiles were the reac¬ 
tor neutrinos from the Savannah River 
Plant located in South Carolina State, 
USA, and targets were the protons in a 
solution of water mixed with cadmium 
chloride (Cd is a good absorber of 
thermal neutrons). The experimental appa¬ 
ratus could be viewed as a multiple- 
sandwich with 2 layers of cheese (target 
material) arranged between 3 pieces of 
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Sc>4cmauc dIa4{iiJin 
of neutrino detector. 



Figure 1. Schematic diagram of the neutrino detector of Reines-Cowan experiment". 


bread: the cheese layers were the two 
target tanks containing a solution of 
water and CdCl 2 , while the bread pieces 
were the three liquid scintillator detec¬ 
tors. 

An event meant the detection of two 
prompt coincidences (see Figure 1): the 
first one was between the two photons 
(each having 0.511 MeV energy) of the 
positron annihilation, and the second 
prompt coincidence was due to the 
capture of neutron by cadmium giving a 
few photons (with total energy of 
9 MeV). The second pulse occurred 
after several micro-seconds of the posi¬ 
tron flash, the time it took for the neu¬ 
tron to be thermalized in the target 
water. The experiment involved, among 
other things, measuring the energies of 
the pulses, their time-delays, depend¬ 
ence of event rate with neutrino flux 
which varied with the reactor power 
output, etc. 

The results were published in the 5- 
author paper C. L. Cowan, Jr. et al? 
entitled ‘Detection of the Free Neutrino: 
A Confirmation’. This paper, unusual 
for the lack of diagrams of the detector 
or the customary figures or tables, is 
regarded as the discovery paper (note 
5). Photographs of the detector assem¬ 
bly and associated equipment can be 
seen in ref. 4. The observed signal var¬ 
ied with the reactor-power. It consisted 
of an average rate of 2.88 ±0.22 
counts/hour, consistent with a value 
~ 6 X 1cm^ for the inverse beta- 
reaction cross section. The signal to 
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reactor-unrelated background ratio was 
3 to 1. 

It is remarkable that in the same year 
Reines and Cowan^ also gave an upper 
limit on the neutrino magnetic moment, 

where is the Bohr magneton. This 
limit was deduced from the extent of 
non-observation of scintillator pulses 
along the path of the reactor neutrino, 
and is about the same as the present 
upper limit which is extracted by using 
different considerations (for a survey of 
the recent results in neutrino physics, 
see e.g., ref. 5). 

Even today, we do not know very 
much about the electron-neutrino (and 
much less about other neutrinos). As for 
its mass, data on the end-point of the 
beta electron spectra only show that it 
does not exceed a few eV; a recent high 
statistics experiment^ using molecular 
tritium in gaseous form, gave the upper 
limit 

m(v^) < 4.35 eV, (7) 

at 95% confidence level. 

Experimental data with VgS are not 
extensive because it is difficult to obtain 
Vq beams. At the pi-meson factories, low 
energy Ve get produced in 3-body decays 
and along with muon-neutrinos (v^ and 
v^). Sun is no doubt a good source of 
but solar neutrino fluxes are not well 
understood and constitute one of the 


challenging problems of current research. 
Only recently the first experiment using a 
man-made source of pure was per¬ 
formed. It made use of an intense source of 
reactor-produced ^^Cr (which emits by 
electron capture) to calibrate the GALLEX 
solar neutrino detector^. 

Discovery of the tau lepton 

The tau lepton broke on the scene u^nex- 
pectedly. While the results of Reines 
needed the construction of power reac¬ 
tors, the discovery of tau lepton needed 
high energy electron-positron colliders. 
Tau lepton is the third kind of charged 
lepton that exists in Nature, the other 
two being the electron and the muon. 
(The Greek letter t is the first in the 
word triton, meaning third). Its birth can 
be traced to the 1975 paper entitled, 
‘Evidence for anomalous lepton pro¬ 
duction in e"^ - e~ annihilation’ by Perl 
et al.^. 

The experiment was performed at the 
electron-positron collider called 
SPEAR (Stanford Positron Electron 
Accelerator Ring). At this facility, 
beams of e" and e"^ were accelerated 
simultaneously in opposite directions in 
a ring and made to intersect. As the total 
center-of-mass energy (the sum of beam 
energies) 


= E^- -E £’e+ 

(8) 

11 

(9) 


was tunable in the range 3-8 GeV, a 
pair of charged particles each having a 
rest mass of about 2 GeV could easily 
be produced at SPEAR. 

A large cylindrical detector placed in 
a magnetic field surrounded the colli¬ 
sion area. Electrons were identified by 
the electromagnetic shower counters, 
and muons by their ability to penetrate 
large amounts of iron and other materi¬ 
als making up a total of 1.7 absorption 
lengths for pions. Particles emitted at 
polar angles between 50° and 130° and 
at all azimuthal angles were recorded. 

Anomalous events. The ‘anomalous’ 
events reported by Perl and collabora¬ 
tors corresponded to the following re¬ 
actions which had a very distinctive 
signature, 

e- + e‘*'-->e“+/('*' + i.p., (10) 


^ e"^+/^~ + i.p., (11) 
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where ‘i.p.’ denotes invisible particles 
which left no trace in the detector. The 
ingenuity of the experimenters consisted 
in establishing that the oppositely- 
charged e^a pair arose from the separate 
decays of two new particles which were 
oppositely-charged and short-lived. In 
an effort to reduce the background due 
to the copious production of e^e“ and 
pairs, the events were chosen to be 
‘acoplanar’ so that production of more 
than two particles was ensured. For this 
the was required to make an angle 
more than 20° to the plane that con¬ 
tained the final e and the incident beam. 

The very first report of Perl et al} 
had a total of 64 anomalous events at 
the SPEAR range of energies. For ex¬ 
ample, at the energy Ecm = 4.8 GeV 
there were 24 events (13 e'T^’ and 
11 with an estimated background 
consisting of about 5' events (arising 
from possible misidentification of had¬ 
rons as leptons, decays of known had¬ 
rons into leptons, etc). The events were 
found to be ‘noncollinear’, meaning that 
the angle between the e and fx momenta 
was more than 90°>and the. two particles 
were emitted in opposite hemispheres 
with respect todhe beam. 

Threshold behaviour. The occurrence 
of anomalous events as a function of 
£cra exhibited an increase around 4 GeV, 
as shown in Figure 2. This indicated the 
existence of a threshold for the produc¬ 
tion of anomalous evepts. Moreover, in 
producing a pair of ppint-particles r^r~ 
by one-photon exchange 

e'*' + e“'^ yvinuai + t‘, (12) 

quantum electrodynamics tells us that 
the total cross section should depend 
on the final velocity p as follows: 

(3-y32) 

=- 2 —^^0 ( f ®'' 2 ^’ (^ 3 ) 
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Figure 2. The observed cross section 
for the anomalous e-// events®. 


= (for spin 0), (14) 


where 







1 

^“137* 

(15) 


In the boson case, the dependence 
arises from the p-wave production 
which is a result of parity conservation 
in electromagnetic interactions. Subse¬ 
quent experimental observations were 
consistent with a linear rise of the cross 
section with velocity and thus for the ir 
the assignment of spin y was preferred 
over spin 0 and other possibilities. 

Final interpretation of the anomalous 
events followed soon^: electron- 
positron annihilation gives rise to a pair 
of tau leptons 

e‘" + e--^r“ + r^ (16) 


which decay immediately into lighter 
leptons. The ‘tau-lepton number’ con¬ 
servation is respected by assuming the 
emission of an associated neutrino 
called the tau-neutrino (v^) in the r” 
decay, and a tau-antineutrino (^r) iti the 
r'*' decay. Thus to explain the anomalous 
event with, say, eT we should appeal 
to the decays 


e’ + Vg + v^. 

(17) 

r* + + v-c. 

(18) 


wherein the two neutrinos and the two 
antineutrinos (belonging to all three 
neutrino generations) constitute the 
invisible particles. 

Data gathered over the years have 
shown that the shape of the electron 
(and also muon) energy spectrum in tau 
decay is in good agreement*® with the 
standard V-A theory. Also all the ob¬ 
servations support the view that the e-// 
universality is extendible to &-ju-r uni¬ 
versality. Thus the original enigma re¬ 
garding the existence of muon is 
deepened. It now becomes the so-called 
‘genetation puzzle’: among the ultimate 
constituents of matter, why do members 
of one generation behave exactly in the 
same way, except for mass, as the corre¬ 
sponding members of another genera¬ 
tion? 

It may be interesting to recall that in 
1974 the spectacular discovery of J/xp 
(3.097 GeV) immediately brought forth 
in its wake an intense frenzy of activity 
relating to the charm flavour. People 
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were busy studying the spectroscopy of 
hidden-charm states and open-charm 
states and their decays. Consequently 
the feeling prevalent at the time was that 
Perl’s anomalous events were some 
obscure manifestation of charm decays 
and the situation would be clearing up 
soon. However such feelings were 
firmly dispelled by 1977 when the 
Double Arm Spectrometer (DASP) 
group** working at DESY, Germany, 
reported seeing the anomalous oju events 
around ip' (3.686 GeV) manifestly be¬ 
low the open-charm threshold 
(2x 1.87 GeV), 

The present best value for the tau 
lepton mass comes from the measure¬ 
ments at the Beijing Electron Positron 
Collider (BEPC)*^, and is given by 

= 1776.96!0;>«!0;2f MeV. (19) 

where the first error is statistical and the 
second systematic. The relatively large 
mass of the tau implies a large phase 
space for decay, and this makes a vari¬ 
ety of final states to be accessible for 
the tau decay. Some of the decay states 
contain 5 charged particles (pions or 
kaons) besides the missing tau-neutrino 
and possibly one or two neutral pions. 
The availability of several competing 
channels for decay (e.g., the relative 
decay probability for r" jr“ + is 
(11.7 ±0.4)%), makes the tau a very 
shortlived particle. Its meanlife is pres¬ 
ently known to 1% accuracy*^, 

= (2.956 ± 0.031) x 10“*^ s. (20) 

Finally, in regard to the mass of the 
tau-neutrino, the information available 
is very limited: the mass limit obtained 
from a recent study*"* of the tau-decay 
events each containing 5 charged pions 
is, m(Vy) < 24 MeV at 95% confidence 
level. 


Summary 

The announcement of this year’s Nobel 
award in Physics is in recognition of 
two landmark experiments in elementary 
particle physics. One provided the first 
confirmation of the neutrino, as envis¬ 
aged by Pauli more than two decades 
earlier, as a tiny neutral particle emitted 
in beta decay. The experiment made an 
ingenious use of time-correlations of 
scintillator pulses to ascertain the occur¬ 
rence of the inverse scattering reaction. 
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Table 1. Lepton generations 


Generation Lepton 

Discoverer(s) 

(year) 

Nobel Prize winner(s) 
(year) 

1 . electron, e 

J. J. Thomson 

J. J. Thomson 

(1897) 

(1906) 

electron-neutrino 

C. L. Cowan et al.^ 

F. J. Reines 


(1956) 

(1995) 

2 muon fi 

J. C. street, E. C. Stevenson; 

C: D. Anderson, S. 
(1936) 

H. Neddermeyer - 

muon-neutrino 

G. Danby et al.'^ 

M. Schwartz, 

(1962) 

L. M. Lederman, 

J. Steinberger 



(1988) 

3 tau T 

M. L. Peri et a/.* 

M. L. Perl 


(1975) 

(1995) 

tau-neutrino 

? 

? 


The other experimental investigation 
which shared this year’s honour is the 
discovery of the heavy charged lepton r. 
This was a serendipitous discovery per¬ 
haps like that of the muon* The 
‘anomalous’ events with the oppositely- 
charged e and were interpreted as 
resulting from the independent decays 
of the shortlived pair r^r" which was 
created in the reaction e'*^ + e' +1~ 
The r is a member of the third (and per¬ 
haps the last) generation of ultimate 
constituents of matter to which the top 
and bottom quarks belong (see e.g. ref. 
15). 

A summary of the discoveries made 
in the world of leptons is given in Table 

1. We see that the third generation has 
started getting Nobel prizes. It is amus¬ 
ing that the charged-leptons crop up 
with a 39-year gap and may be the 4th 
one would show up in the year 2114. 
For the present, the available experi¬ 
mental information implies that there 
are no charged leptons which are heav¬ 
ier than the tau and lighter than 45 GeV. 

Finally it should be emphasized that 
the third kind of neutrino still needs 
to be identified experimentally (this is 
shown by question marks). To this end 


one ought to demonstrate that rs are 
produced directly in collisions of the 
with nuclear targets. However beams 
are hard to obtain mainly due to the 
short intrinsic lifetime of the x. 
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Notes 

1. For the case of reactor antineutrinos 
going through water, taking the cross 
section to be cr( Ve + p eV n) ~ 6 x 
10"^ cm^ and noting that there are two 
free proton targets per water molecule, the 
interaction mean free path will be 
A = (1/na) ~ 2.5 x 10“ cm 260 light 
years! 

2. It is worth recalling that the Cl-Ar ex¬ 
periment of Davis performed in 1956 at 
the Savannah River Plant reactor was a 
‘failure*. The result was not clearly in¬ 
consistent with background. The null re¬ 
sult <7(reactor v + ^^Cl e" + ^^Ar) 
< 0.9 X 10"^^ cm^ was interpreted to 
demonstrate that the reactor neutrino is 
not Vc but Vg. SinceVg’s are emitted in 
the beta decays of neutrons and neutron- 
rich nuclei, a fission reactor is an abun¬ 
dant source ofVg. 

3. Here as is customary the word ‘neutrino’ 
is being used in its generic sense al¬ 
though, strictly speaking, what Reines 
and his group detected were the signals 
from the electron-antineutrino 

4. At MeV energies this has an approximate 
quadratic dependence on the incident 
neutrino energy Ey-, at higher energies 
(above GeV) it becomes independent of 
Ey due to the rapid decrease of the vector 
and axial-vector form factors. However 
the total cross section increases linearly 
with Ey, as a consequence of the {Joint 
nature of the target quark. At still higher 
energies (where the W mass effects be¬ 
come important) the total cross section is 
expected to increase logarithmically, as is 
indicated in the recent HERA experi¬ 
ments ep —> Ve + ... . 

5. The earlier 1953 experiment of Reines 

and Cowan^ Phys. Rev., 1953, 90, 492; 
92, 830) performed at the Hanford reac¬ 
tor in Washington, did not give a signal 
well above the background that was unre¬ 
lated to the reactor- The number of de¬ 
layed coincidences had a large 

uncertainty, 0.41 ± 0.20 per hour. 


K. V. L. Sarma, Tata Institute of Funda¬ 
mental Research, Bombay. 
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Rice Biotechnology - Report on the Third International Rice 
Genetics Symposium October 16-20,1995, Manila, Philippines 


The Third International Rice Genetics 
Symposium was held at Manila, Philip¬ 
pines from October 16-20. The sympo¬ 
sium was organized by the Rice 
Genetics Cooperative, International 
Rice Research Institute (IRRI), Los 
Banos and supported by the Rockefeller 
Foundation. IRRI has been organizing 
the rice genetics symposia every five 
years since 1985, In the last 12 years the 
Rockefeller Foundation has been inten¬ 
sively supporting rice biotechnology 
research with an investment of 65 mil¬ 
lion dollars. These funds have supported 
rice biotechnology research in the Asian 
countries as well as encouraged the ad¬ 
vanced plant molecular biology labora¬ 
tories in Europe and USA to take up 
research on rice. Further close linkages 
between the laboratories in the develop¬ 
ing and developed countries have been 
established. As a result, rice plants are 
now grown in glass houses, with the 
backdrop of the Alps, in Switzerland 
and rice research is carried out at 
Cornell and Wisconsin Universities in 
USA and at John Innes Centre, Norwich 
and the University of Birmingham 
(UK). Japan has invested heavily in the 
Rice Genome Research Programme. 
China has a modest Rice Genome Pro¬ 
gramme besides a large number of labo¬ 
ratories engaged in rice biotechnology. 
This investment in rice has resulted in 
the blooming of rice biotechnology. 
This was clearly visible in the sympo¬ 
sium with over 500 participants and 
over 300 oral and poster presentations. 
A marked shift towards molecular biol¬ 
ogy approaches was evident in compari¬ 
son to the previous two symposia held 
in 1985 and 1990. In fact, at the con¬ 
cluding session, the participants were 
reminded by Ralph Riley that molecular 
biology only provided additional, new 
tools to be used by the plant breeders to 
facilitate their work of developing more 
productive, stress-tolerant cultivars with 
better enduse qualities. 

Papers were presented in the areas of 
rice genome characterization, genetic 
transformation of rice, molecular tag¬ 
ging and map based cloning, gene iso¬ 
lation characterization and expression, 
quantitative trait loci (QTL) mapping, 
molecular cytogenetics, molecular 
analysis of cytoplasmic male sterility. 


genetic diversity in pathogen popula¬ 
tions, genetics of morphological, 
physiological, disease resistance and 
quantitative traits. Gene mapping and 
transformation emerged as the two 
domitiant areas of current world-wide 
interest in rice biotechnology. 

Among the cereals, rice happens to 
have the smallest genome size and this 
has made it an ideal material for mo¬ 
lecular biology studies and biotechnol¬ 
ogy. Restriction fragment length 
polymorphism (RLFP) technology was 
applied initially in the rice genome 
mapping but now polymerase chain 
reaction (PCR) based markers are being 
increasingly used. It was reported that 
1904 markers consisting of cDNA 
clones as well as RAPD markers have 
been mapped covering a distance of 
1590 cM. Integration of cytological, 
conventional and RFLP linkage maps 
was reported resulting from correct ori¬ 
entations of the maps with respect to 
each other. 

Synteny (similar arrangement of 
genes along the chromosomes) between 
rice and wheat chromosomes was re¬ 
ported earlier. This has been further 
confirmed now and extended to barley, 
maize, sorghum, sugarcane, foxtail mil¬ 
let, pearl millet, oats and ryegrass. This 
makes the cloned and mapped genes of 
rice extremely useful for isolating and 
mapping genes in other cereals and 
should provide a quantum leap for mo¬ 
lecular biology of other cereals. 

Conversion of cloned RFLP markers 
of the Cornell University - IRRI genetic 
map to sequence-tagged sites (STS) was 
reported. The use of STS facilitates the 
breeding programmes by way of speed, 
convenience, reliability and relatively 
low cost as the PCR methods are used 
for analysis. Marker-assisted breeding 
would greatly facilitate selection for 
insect and pathogen resistance and in 
pyramiding of resistance genes. 

Early results on association between 
molecular markers and quantitative trait 
loci (QTL) which determine the compo¬ 
nents of yield and ultimately the yield 
were reported. Such markers can assist 
in evaluation of the germplasm, selec¬ 
tion of parents-to-be used in hybridiza¬ 
tion programme, prediction of hybrid 
vigour and in making selections. 


A large number of reports were pre¬ 
sented on the transfer and expression of 
alien genes into rice providing resis¬ 
tance to insects, viral, bacterial, and 
fungal diseases and nematodes. Reliable 
Agrobacterium mediated and gene gun 
methods have been developed. For in¬ 
sect resistance synthetic, codon opti¬ 
mized Cry lA(b), Cry III A, from 
Bacillus thuringiensis, soybean trypsin 
inhibitor, cowpea trypsin inhibitor, po¬ 
tato proteinase inhibitor (pin 2), snow 
drop {Gallanthus nivalis) agglutinin 
(GNA) and ribosome in activating pro¬ 
tein; for virus resistance, rice yellow 
mottle virus coat protein, h'oja blanca 
virus (RHBV) and tungro virus, chit- 
nase and cercosporin B gene for fungaP 
diseases and herbicide resistance bar 
gene; and the gene for glycene betaine 
synthesis to provide salinity stress toler¬ 
ance have been transferred to rice. 
Stability and expression of some of the 
transferred genes have been checked in 
the progenies upto the fifth generation. 
Time from the transformation event to 
obtaining the transformed plants and 
harvest of seeds from such plants have 
been considerably shortened. Approxi¬ 
mately 11 weeks to obtain plantlets and 
less than a year for harvesting seeds 
were reported. Transformed plants are 
under glass house evaluation and are 
expected to move out into the field 
shortly. Insertion of single copy of the 
gene at one site, or multiple copies at 
one site as well as single or more than 
one copies at multiple sites have been 
observed. 

In one presentation, transfer of rice 
clones encoding proteins from MADS- 
domain were transferred and expressed 
in tobacco where they altered apical 
dominance resulting in early flowering 
and bushy plants. Expression of Os- 
MADS3 altered floral organ develop¬ 
ment and homeotic development of 
petals to stamen. These results establish 
that the regulatory factors for flowering 
in dicots and monocots may be similar. 
Such homeotic genes have been exten¬ 
sively investigated in Arabidopsis. 

Tile other significant reports de¬ 
scribed efforts made towards cloning of 
blast resistance genes by chromosome 
walking, presence of transposable ele¬ 
ments in rice as well as in the pathogen 
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for blast disease, encoding of a recep¬ 
tor-like protein kinase by disease resis¬ 
tance gene, molecular analysis of 
anthocyanin pigmentation pathway, 
manipulation of starch metabolism dur¬ 
ing seed development, characterization 
of mitochondrial genome, silencing of 
p-glucuronidase gene in transgenic rice. 

It has been projected that by the year 
2025, the global demand for rice would 
increase by 70%, requiring production 
of 810 million tons of unmilled rice 
compared to the present production of 
480 million tons. This will have to be 
harvested from diminishing cultivated 


area and availability of water due to 
competing demands on these resources. 
It was repeatedly emphasized that to 
meet this demand the rice yields will 
have to increase from the present mean 
of 4.5 tons ha"^ to 8.0 tons ha'^ under 
irrigation and from 1.9 tons ha"^ to 3.6 
tons ha"^ in the rainfed areas. This will 
have to be achieved by increasing the 
yield ceiling, bridging the gap between 
the potential and the realized yield and 
sustaining the present levels. The major 
role of biotechnology towards this goal 
would be in the development of trans¬ 
genic plants with resistance to biotic 


and abiotic stresses. Therefore there is 
an urgent need to evolve procedures for 
field releases of transgenic plants and 
approval of grain harvested from such 
plants as safe food similar to those pro¬ 
duced using conventional genetic tools. 
The marker-assisted selection and tissue 
culture methods would facilitate breed¬ 
ing programmes and reduce the breed¬ 
ing cycle time. 


C. R. Bhatia, Department of Biotech¬ 
nology, New Delhi. 
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Designer molecules: A chromogenic sensor of creatinine 


Uday Maitra 

Specific recognition of molecules by 
one another via shape complementarity 
and specific, weak non-covalent inter¬ 
action like hydrogen-bonds, van der 
Waal’s interaction, etc. is central to 
biology. Recognition of a chosen guest 
by specifically designed host molecules 
is currently a major area of chemical 
research. 

Molecular and ionic sensors have al¬ 
ways been in great demand for the easy 
detection/assay of a variety of molecules 
and ions^ Such sensors find many ap¬ 
plications in medical diagnostics and in 
detecting environmental pollutants. A 
variety of chemical sensors, including 
biosensors, can be designed^. However, 
sensors based on synthetic molecular 
receptors are becoming more attractive 
since such molecules are usually much 
more stable compared to biomolecules. 
Of sensors, chromogenic sensors are the 
most valuable ones since the presence of 
the ‘guest’ is signalled by a change in 
colour. A number of chromogenic sen¬ 
sors have recently been designed and 
synthesized based on the principles of 
molecular recognition^. 

In a recent communication to Science 
(1995, 269, 671), Bell and coworkers 
have designed a receptor which detects 
creatinine efficiently. Creatinine is one 
of the end products of nitrogen metabo¬ 
lism, and in healthy human beings it is 


excreted in the urine. The transport of 
creatinine from the blood to urine is 
mediated by the kidneys, hence the 
blood level of creatinine is a key indica¬ 
tor of renal function. Present methods 
available for the assay of creatinine are 
tedious and expensive. Bell’s work has 
produced a simple but sensitive assay of 
creatinine, in which the formation of a 
supramolecular complex is signalled by 
a colour change. 

The H 2 N-C=N moiety of creatinine 
has a D-D-A array* for forming hydro¬ 
gen bonds. The designed receptor how¬ 
ever, in its neutral form,' has a D-A-A 
surface for forming an H-bond. How¬ 
ever, a zwitterionic structure is also 
possible for this receptor, in which the 
phenolic hydrogen is transferred to the 
nitrogen atom at the other end of the 
molecule, thereby converting the D-A-A 
surface to an A-A-D surface which is 
now complementary to the creatinine 
surface. In other words, of the two 
tautomeric forms only the zwitterionic 
form (the ‘dye’-like form) should bind 
creatinine. In this example, that is what 
happens - the receptor exists predomi¬ 
nantly in its neutral form, say in di- 
chloromethane solution, which has 

*D and A stand for donor and acceptor 
groups for forming a hydrogen bond, re¬ 
spectively. 



Host in CH2C12 Giiest in water 
(yellow) 



Complex in CH 2 CI 2 
(brownish orange, 444 nm) 

Figure 1 

a yellow colour. However, when this 
solution is shaken with an aqueous so¬ 
lution of creatinine, the receptor ex¬ 
tracts creatinine into the organic 
solution, forms the complex, and in that 
process undergoes a change from the 
neutral to the zwitterionic form. This 
causes a colour change from yellow to 
brownish orange (the complex shows an 
extra absorption band at ■^max 
444 nm). This is schematically shown in 
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Figure 1.. The authors have also carried 
out X-ray structural analysis of the re¬ 
ceptor, creatinine, and the complex to 
demonstrate some of the finer details of 
the binding. 

The authojs have shown that this 
synthetic receptor is selective for cre¬ 
atinine, since no colour change was 
observed with creatine, urea, uric acid, 
proline or histidine. The estimated dis¬ 
sociation constant of the complex 
(0.5 jiM) is also sufficiently low so that 
blood serum creatinine (typically 40- 
130 |J-M) can be sensed by it. Alkali 
metal ions were found to give some 
chromogenic response with the receptor. 


but those were significantly weaker. The 
prospects for the use of synthetic recep¬ 
tors in medical diagnostics are bright. 


1. For a recent review: Fabbrizzi, L. and 
Poggi, A., Chem. Soc. Re\., 1995, 197. 

2. Chemical Sensors, (ed. Edmonds, T. E.), 
Blackie, London, 1988. 

3. Sandanayake, K. R. A. S., Imazu, S., 
James, T. D., Mikami, M., Shinkai. S., 
Chem. Lett., 1995, 139; Zhao, S. and 
Luong, J. H. T., J. Chem. Soc., Chem., 
Commun., 1995, 663; Rojas, M. T. and 
Kaifer, A. E., J. Am. Chem. Soc., 1995, 
117, 5883; Sandanayake, K. R. A. S. and 
Shinkai, S.,Angew. Chem. Int. Ed. Engl., 
1994, 33, 2207; Fabbrizzi, L., Licchelli, 


M., Pallavicini, P., Perotti, A. and Sacchi, 
D., Angew. Chem. Int. Ed. Engl., 1994, 
33, 1975; Vance, D. H. and Czarnik, 
A, W., J. Am. Chem. Soc., 1994, 116, 
9397; Chawla, H. M. and Srinivas, K., 
Chem. Commun., 1994, 2593; Hamasaki, 
K., Ikeda, H., Nakamura, A., Ueno, A., 
Toda, F., Suzuki, I. and Osa, T., J. Am. 
Chem. Soc., 1993, 115, 5035; Teixidor, 
F., Flores, M. A., Escriche, L., Vinas, C. 
and Casabo, J., Chem. Commun., 1994, 
963; Marsella, M. J. and Swager, T. M., 
J. Am. Chem. Soc., 1993, 115, 12214. 


Uday Maitra is in the Department of 
Organic Chemistry, Indian Institute of 
Science, Bangalore 560 012, India 


Pathogenesis: Generating new paths in understanding 
bacterial virulence 

Kakoli Mukhopadhyay 


The survival strategy of bacterial patho¬ 
gens requires establishment in a suitable 
niche within another living organism, 
outwitting it by avoiding its formidable 
immune system, acquiring nutrients 
from it and multiplying, thus causing 
disease in the host. The host-pathogen 
interaction is a battlefield where the 
infecting organism encounters a range 
of adverse environmental conditions. 
These, along with other selective pres¬ 
sures, appear to have directed the evo¬ 
lution of specialized regulatory systems 
controlling the expression of virulence 
factors in the pathogen. To understand 
mechanisms by which the bacterial 
parasites circumvent or avoid the im¬ 
mune system of the host and cause dis¬ 
ease, it is necessary to identify and 
characterize the bacterial genes and 
gene products responsible for the viru¬ 
lence at each stage of the development 
and progression of the disease. Tradi¬ 
tionally, the strategies for identification 
of virulence factors included the three 
following approaches: 

(1) Brute force screens, that pinpoint 
the virulence genes on the basis of 
mutational loss of a virulence pheno¬ 
type^’^. 

(2) Cloning screens, that pick up novel 
virulence genes depending on their 


ability to confer a virulence-associated 
phenotype in a heterologous bacterium^. 

(3) Regulatory screens, that identify 
potential virulence genes by their coor¬ 
dinate expression with other known 
virulence genes under defined labora-. 
tory conditions'^’^. 

All these strategies, carried out in 
vitro were, however, very often limited 
by their inability to reproduce accurately 
the complex and changing environments 
encountered by the pathogens in their 
hosts. Moreover, there could also be 
certain factors which would be induced 
only under specific environments within 
a host and could never be expressed, or 
were expressed in extremely low and 
negligible amounts, in vitro. Therefore 
it remained quite possible for one to miss 
out these genes if only the traditional 
methods were followed. 

To overcome these limitations, Ma¬ 
han et al^ developed, in 1993, a novel 
genetic system, which they termed ‘m 
vivo expression technology’ (IVET). 
What made this strategy unique was 
their use of simple laboratory tech¬ 
niques to randomly choose genes (or 
only their promoters) from virulent 
pathogens, induce their expression 
within the host (i.e. in vivo), and then 
compare this with their expression in 


vitro. This then allowed them to select 
for those genes which were transcribed 
better or exclusively so only in the pres¬ 
ence of the host environment. This, in 
fact, was the first attempt to study the 
induction of pathogenesis-related genes 
in the actual host environment condu¬ 
cive to disease development. 

The first step in the technique con¬ 
sisted of the selection of a bacterial cell 
with a mutation in a biosynthetic path¬ 
way gene that greatly attenuated growth 
in vivo. For this purpose, Mahan et al. 
used a purine auxotroph (purA) of Sal¬ 
monella typhimurium. Growth of such a 
strain in vivo was possible only if a 
wild-type purA gene could be intro¬ 
duced into it. A plasmid (pIVETl) was 
constructed by inserting a fusion of the 
wild-type purA gene with a marker gene 
(in this case, lacZY) into a broad host- 
range suicide vector (pGP704). The 
chromosomal DNA of S. typhimurium 
was fragmented by a specific restriction 
enzyme and cloned into the plasmid 
pIVET, 5' to the purA4acZY operon, 
thus giving rise to a transcriptional fu¬ 
sion where a S. typhimurium promoter 
would drive the transcription of a wild- 
type purA-lacZY fusion. A pool of 
pi YETI containing these transcriptional 
fusion constructs was introduced into 
purine-deficient S. typhimurium cells. 
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Screen for Lac^ In vitro 


Figure 1. A schematic representation of the technique for the selection of ivi genes 
from Salmonella. Sau 3AI, Bgl 11: restriction endonucleases (from Mahan et a/.®). 


Selection for ampicillin-resistant bacte¬ 
rial cells now enabled the identification 
of those in which the pIVETl had inte¬ 
grated into the bacterial chromosome by 
homologous recombination with the 
cloned S. typhimurium DNA present on 
the plasmid (Figure 1). Thus, in these 
cells, the level of purA expression re¬ 
quired to supplement the parental purine 
auxotrophy should logically correspond 
to the level of lacZ expression that 
would, in turn, give a Lac"^ phenotype. 


Only 33% of the cells grown in vitro 
showed Lac"^ and the corresponding 
PurA'^ phenotype. A pool of these re¬ 
combinant bacteria were injected intrap- 
eritonially into a BALB/c mouse. The 
surviving bacterial cells were isolated 
from the spleen after three days and this 
procedure repeated once more. The cells 
that could overcome the purine defi¬ 
ciency due to the presence of the inte¬ 
grated purA gene were expected to 
survive and multiply in the mouse. The 


cells recovered from the spleen indeed 
showed an increase in their number 
(86%) compared to that in the initial 
inoculum. However, there were also a 
group of cells, though very small in 
number (5%), which showed a Lac" 
phenotype in artificial medium. The 
question that naturally arises here is 
how could these cells manage to survive 
in spite of a very low probability of 
doing so. A reasonable explanation 
could be that the promoter that drove 
the purAAacZ fusion gene in these cells 
could be turned on only in vivo and not 
under laboratory conditions. Therefore, 
the genes that were regulated by these 
promoters under natural conditions were 
aptly termed as 'in vivo-induced’ (ivi) 
genes. This phenomenon was confirmed 
by assaying p-galactosidase activity in 
the bacterial cells recovered from the 
spleen and comparing it with that of the 
same strain grown overnight in the labo¬ 
ratory, on enriched medium. In all the 
cases tested, the activity was actually 40 
to 1000-fold greater in the cells grown 
in vivo. 

The next step included the selection, 
cloning and sequencing of some of the 
ivi genes identified by the above tech¬ 
nique. Sequence analysis could classify 
15 of these genes into 5 different 
classes. Two of these turned out to be 
previously unknown genes with no ho¬ 
mology to sequences in an established 
gene bank. These genes had probably 
not been identified earlier due to their 
inability to express in vitro. The other 4 
genes included a carAB operon, a pheST 
himA operon and a rfb operon. The for¬ 
mer consists of genes coding for two 
subunits of carbamoyiphosphate syn¬ 
thase, an enzyme involved in arginine 
and pyrimidine biosynthesis. The low 
availability of pyrimidine in the animal 
tissue was obviously the force driving 
the induction of these genes. The IVET, 
in this case at least, helped in the iden¬ 
tification of genes involved in interme¬ 
diary metabolism and whose induction 
appeared to be necessary for the sur¬ 
vival of the pathogen in the host tissues. 
The pheST himA operon is known to 
encode two subunits of phenylalanine 
tRNA synthetase and one subunit of the 
integration host factor (IHF). The latter 
is a DNA-binding protein required for 
essential functions like DNA replica¬ 
tion, gene regulation and site-specific 
DNA recombination. The IHF has also 
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been implicated in regulating the ex¬ 
pression of typel pilin (a protein con¬ 
ferring on S. typhimurium the ability to 
prevent clearance from animal tissues). 
A third fusion, the rfb operon, encodes 
approximately 20 genes involved in the 
synthesis of 0-antigen (the outermost 
layer of lipopolysaccharide of S. ty¬ 
phimurium). 

The ultimate goal of the experiments 
done by Mahan et al. was to identify the 
ivi genes involved in pathogenesis, 
which were otherwise not being picked 
up by the traditional techniques. Mutant 
strains, defective in ivi expression were 
then constructed to test their overall 
contribution to pathogenesis. These 
mutants, as expected, showed signifi¬ 
cantly less expression of the lacZ gene. 
This was also accompanied by a marked 
decrease in virulence as observed by a 
2 X lO'^-fold increase in the lethal dose. 
Moreover, virulence was so diminished 
that mice could even be immunized with 
these mutant strains and rendered resis¬ 
tant to infection by S. typhimurium, 
administered orally. 

Many other pathogenic bacteria are 
known to be attenuated by purine auxo- 
trophy^“^^ This technology can there¬ 
fore be useful in studying a variety of 
host-pathogen systems. Various other 
biosynthetic genes can also be used for 
this selection scheme. One such exam¬ 
ple is a thyA-lacZY fusion construct 
which could be used in bacterial strains 
with thymine auxotrophy resulting in 
their attenuation. The advantage of this 
system is the easy selectability of thyA“ 
mutants with trimethoprim. 

A drawback of the IVET was its ap¬ 
plicability only in host-pathogen sys 
terns where attenuating auxotrophies 
prevailed. However, earlier this year, 
Mahan et al. expanded the scope of this 
technology by developing a transcrip¬ 
tional fusion vector using antibiotic 
resistance as the basis for selection in 
host tissues This new vector contains 
a fusion of promoterless chlorampheni¬ 


col acetyltransferase (cat) and lacZY 
genes. BALB/c mice were infected with 
a pool, of S. typhimurium clones carry¬ 
ing random cat-lac transcriptional fu¬ 
sions and were subsequently given 
• intraperitoneal injections of chloram¬ 
phenicol. The strains which survived the 
passage through the animals expressed 
the cat gene and were then screened for 
those that had low-level lacZY expres¬ 
sion on laboratory medium. These 
strains would carry fusion constructs 
containing specific ivi genes. A major 
advantage of the antibiotic-based IVET 
selection is that it does not require the 
isolation and characterization of an at¬ 
tenuated mutant strain with a genetically 
defined nutritionally-deficient species 
as in the original IVET protocol^. Thus, 
the antibiotic-based IVET selection 
should also be applicable to fastidious 
organisms where genetic markers, suit¬ 
able for nutritional IVET schemes, are 
not readily available. Subtractable hy¬ 
bridization could be one way of identi¬ 
fying or estimating the expression of ivi 
genes of these microorganisms^^. But 
the extremely low quantity of bacterial 
RNA produced in the host tissues could 
pose a limitation in achieving this. 

One of the most challenging envi¬ 
ronments that invading bacteria encoun¬ 
ter within the host is the host 
macrophages which eliniinate the 
pathogens in the majority of cases. S. 
typhimurium, however, is an exception 
in that it has evolved mechanisms to 
survive within the inhospitable envi¬ 
ronment of the phagolysosomes. Genes 
of this organism, which are specifically 
induced in cultured macrophages, could 
also be isolated by the IVET. Charac¬ 
terization of the ivi genes of S. ty¬ 
phimurium in macrophages would help 
in tracing the unique mechanism by 
which this pathogenic species survives 
the unfavourable host environment. 

With the introduction of antibiotic- 
based selection of ivi genes, the IVET 
can be extended to a broader host/host- 


pathogen range, thus opening up the 
possibility of studying a larger number 
of genes involved in various metabolic 
pathways in greater detail. Such studies 
may give us an insight into the underly¬ 
ing mechanisms regulating the devel¬ 
opment of different diseases and thus 
provide clues for the design of specific 
drugs against them. 
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Are herbaria redundant? 


R. R. Rao 

In the current era of biotechnology and 
molecular biology the classical subjects 
like the taxonomy and herbarium have 
witnessed a great debacle. Unless im¬ 
mediate measures are taken to restore 
the herbaria and associated taxonomic 
activity, the entire biological commu¬ 
nity would soon end up in a state of 
confusion with regard to their own taxa 
of investigation and may have to knock 
the doors of scientists outside the coun¬ 
try for seeking basic information on 
identity, nomenclature and even distri¬ 
bution of those taxa which occur at their 
door steps. While cautioning about such 
an ensuing serious problem I intend to 
outline here the paramount role of her¬ 
baria in allround development of bo¬ 
tanical sciences including modern 
biology. This should also call for a dia¬ 
logue between the classical biologists 
and experimentalists as to whether her¬ 
baria are redundant or they need to be 
maintained with added significance. 

What is a herbarium? 

Herbarium is a place where plants col¬ 
lected from far and wide are preserved 
in 'pressed and dried condition and are 
kept in pigeon holes of almirahs accord¬ 
ing to some accepted system. It is a 
great filing system for information about 
plants primarily in the form of actual 
specimens and secondarily in the form 
of recorded notes on labels attached on 
the sheets. In other words, herbarium is 
a vast reservoir of facts about plants. 

Functions or utility 

In order to wash out the wrong notion 
among a section of modern biologists it 
is necessary to highlight the diverse 
functions of a modern herbarium and 
prove how it acts as a connecting link 
between various disciplines. The follow¬ 
ing are a few important functions of a 
herbarium. 

* Conservatory of material and data 

* As a storehouse of collections in¬ 
cluding the valuable type speci¬ 
mens the herbaria greatly aid in all 
kinds of taxonomic researches 


* Aids in teaching and in all biologi¬ 
cal researches 

* Serves as a fundamental resource 
for identification of all plants of 
the globe 

* Serves as source for collection of 
biodiversity information (to capture 
biodivi^rsity information from her¬ 
baria is at least 10 times more cost 
efficient than to collect new data 
from field). Most estimates on 
global biodiversity today is based 
on herbarium collections only 

* Aids in biodiversity monitoring; 
carrying out scrutiny of herbarium 
collections to obtain quantitative 
baseline data on^the distribution 
and abundance of keystone species 
is essential for all monitoring pro¬ 
grammes 

* Aids in assessment of conservation 
status of a taxon (helps in catalogu¬ 
ing of rare and endangered species 
for conservation programme) 

* Serves as a repository of historic 
collections and at times acts as the 
only record of past vegetation 

* Serves as a source for search of 
new genetic material for improve¬ 
ment of our cultivated stock 

* Aids in assessment and cataloguing 
of all species of economic poten¬ 
tial; these may include commercial 
species, medicinal herbs, food 
plants and so on 

* Serves as a source of material for 
investigations on anatomy, mor¬ 
phology, ecology, chemistry, mo¬ 
lecular biology, pharmacognosy 
and for environmental impact as¬ 
sessments 

* Seeds of herbarium specimens can 
be used to resurrect species extinct 
in the wild using modern tech¬ 
nologies 

* Herbarium, like a library, is a 
service institute; solves all queries 
about plants from scientists, admin¬ 
istrators, lawyers, corporate 
personnel, industrialists, environ¬ 
mentalists and foresters 

* Helps in development of computer 
databases on plants and maintains 
active links to international net¬ 


work of systematic resources and 
electronic knowledge base. 

Thus, it is clear that herbaria con¬ 
tribute to the development of all bio¬ 
logical disciplines. But today herbaria 
are completely ignored by the so-called 
modern biologists who have least 
knowledge of the significance of a her¬ 
barium. Although herbaiium is a facility 
of a data bank on plants to be used by 
all biologists only a handful of surviv¬ 
ing taxonomists are putting their efforts 
to nourish and maintain the fragile 
heritage of herbaria in the country. This 
has resulted in erroneous conclusion 
that herbaria are the establishments 
solely of taxonomists. Rather, herbaria 
are national facilities and their mainte¬ 
nance should be a national responsibil¬ 
ity. 

Some herbaria developed over several 
decades of efforts of taxonomists are 
today at the verge of collapse duetto 
wrong impression among the ruling 
biologists that herbaria are merely a 
storehouse of collections of dead plants, 
which cannot contribute to the national 
development nor can generate funds for 
research forgetting that herbaria are 
simply a facility of a databank on plants 
from which all biologists draw their 
basic informations directly or indirectly 
about the plant species on which they 
carry out all advanced researches. 

The significance of voucher speci¬ 
mens, on which varieties of researches 
are carried out, need not be elaborated 
here. It is only the herbaria which 
maintain such voucher specimens for 
posterity. Time and again the necessity 
of depositing the voucher specimens in 
some recognized herbaria has been 
stressed. But today this aspect is so 
much ignored that many modern biolo¬ 
gists carry out outstanding researches on 
taxa but without maintaining voucher 
specimens nor do they feel the neces¬ 
sity. In the absence of voucher speci¬ 
mens vast amount of new data/new 
discoveries on a particular plant species 
quite likely may not pertain to the plant 
species studied. Even if the species is 
well known it may contain a number of 
ecotypes, cytotypes, varieties or strains 
and hence it is absolutely necessary to 
maintain the voucher specimens in any 
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herbarium to allow subsequent re¬ 
searchers to evaluate statements made in 
the literature about the characteristics of 
a given taxon. The editors of various 
scientific journals should also ensure 
that all authors cite the accession num¬ 
ber/numbers of their voucher specimens 
and the herbaria where deposited. While 
this enhances the value of scientific 
findings, at the same time it strengthens 
the justification of the importance of the 
herbaria. 

Thus, herbaria are helpful to both 
classical and experimental biologists not 
only for obtaining the basic data on 
plants but in also serving as a caretaker 
of the voucher specimens on which tre¬ 
mendous amount of literature accumu¬ 
lates. In view of this, are we unjustified 
in demanding for allocation of some 
percentage of funds from all research 
projects as service charge for develop¬ 
ment and maintenance of herbaria? It is 
also certainly unwise to score out the 
herbaria and taxonomic researches as 
establishments of no economic gains as 
the present trend goes. 

National herbaria like the Central 
National Herbarium, Herbarium of the 
Forest Research Institute, Dehra Dun, 
and the Herbarium of the National Bo¬ 
tanical Research Institute, Lucknow are 
critically endangered due to lack of suf¬ 
ficient trained manpower, facility and 
even due recognition by the so-called 


experimentalists. With the overgrowth 
of several modern disciplines the impor¬ 
tance of herbaria has faded, resulting in 
such a damage that would be felt in 
the immediate coming years. Khoshoo^ 
has rightly pointed out that taxonomists 
are a ‘vanishing tribe’ among the bi¬ 
ologists and are greatly overshadowed 
by the so-called and more often second- 
rate biotechnologists and environmen¬ 
talists. 

Herbaria require large buildings and 
staff for curation of vast collections, 
laboratories for associated researches 
and funds for continuous explorations 
for enriching the herbaria, particularly 
in a developing country like India where 
the coverage of holdings is incomplete. 
The knowledge of variation within spe¬ 
cies is another aspect which is very lim¬ 
ited. But the increasing financial 
squeeze and thoughtless prioritization 
of research programmes have greatly 
affected the overall health of the her¬ 
baria in the country. Often comments 
from scientists state that the massive 
collections in the herbaria be dispensed 
with and only few sample collections 
and type specimens be maintained^. 
There is therefore, an urgent need to 
educate the policy makers, the experi¬ 
mental biologists, and other key persons 
who matter much for development of 
herbaria in the country about the 
‘essentiality’ of a herbarium. 


A rational economic basis for mainte¬ 
nance and furtherance of herbarium 
research must consider the fact that 
botanists with all their concerted efforts 
have known only 1/10th of what exists 
in our tropical forests and still less is 
known of the economic utility of those 
species which are recorded. Infras¬ 
pecific biodiversity and population 
variation of the rich tropical flora are 
little understood. But certainly main¬ 
taining and enriching a herbarium is 
expensive. A strict monitoring of the 
quality of the incoming collections and 
zones from where they come is essential 
in order to maintain the quality and not 
the size of the herbarium. More than 
one herbaria if any, within a city or 
town (e.g. Dehra Dun, Lucknow) can be 
considered for merging in view of the 
increasing cost of maintenance, man¬ 
power, space on buildings, etc., rather 
than ‘killing’ a herbarium due to wrong 
policies and apathy towards such classi¬ 
cal subjects upon which many future 
solutions depend. 


1. Khoshoo, T. N., Curr. Sci., 1995, 69, 19-17. 

2. Clifford, H. T., Rogers, R. W. and 
Dettmann, M. E., Nature, 1990, 346, 
602. 
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The academy fellowship problem 


The problem 

A science academy elects new fellows 
every year. In order to improve the 
overall quality of its fellowship, it de¬ 
cides to impose a new criterion that 
every new fellow elected shall be better 
than the median level of the existing 
population of fellows*. How fast 
will the quality of the fellowship im¬ 
prove? 


*This criterion was proposed for the Indian 
Academy of Sciences by Professor 
V. Radhakrishnan in the mid-seventies. 


A toy model 

The above problem needs to be recast in 
a quantitative form. It is difficult to 
quantify ‘quality’ of a scientist but sup¬ 
pose in a toy model we use a variable x 
to measure it on a scale ranging from 0 
to 1, with 1 being the mark of perfec¬ 
tion. Let us measure the time in years 
with r = 0 denoting a starting year when 
this criterion is announced to be imple¬ 
mented in all subsequent years. Let 
fn (x) denote the cumulative quality dis¬ 
tribution of fellowship in the year t= n, 
/2 = 0, 1,2, ... In the starting year the 


total number of fellows was Nq, say and 
suppose that by statutes, every year N 
fellows must be elected. 

Denote by M„ the median of the dis¬ 
tribution/„ (x). Thus 

AW = |/„a) = |(^o+«-'V). (1) 

and while electing in year n, care is 
taken that all new additions shall have 
the quality parameter Im¬ 

provement in quality will then be indi¬ 
cated by how the median steadily 
increases in value year by year. 

We still need to specify*the quality 
distribution of the pool of scientists 


CURRENT SCIENCE, VOL. 69. NO. 12, 25 DECEMBER 1995 


969 













SCIENTIFIC CORRESPONDENCE 


from which the new fellows are chosen. 
We denote by ^(x) the cumulative prob¬ 
ability that a scientist selected at ran¬ 
dom from this pool will not have the 
quality parameter exceeding x. Thus 

g(0) = 0, g(l)=l. (2) 

In this toy model we have ignored the 
reduction in the total population of fel¬ 
lows due to death or resignation (or 
even eviction). 

With these specifications we can now 
pose the question more precisely: Given 
the functions foCx) and g(x), how does 
M„ increase with n7 


Solution 

First note that for / = n, the median cri¬ 
terion implies 

/nW = fn-i M for j: < M„_I. (3) 

For X > M„_i, there will be addition of N 
fellows whose distribution will be as¬ 
sumed to be proportional to the function 
g(x) over Af^_i<x<l. Therefore, we 
have for x > 

Since for the distribution f„(x) there are 
j- (No + nN) members with x < Mn, 
these comprise of the {No + 
(/z-l)A^} members with x<Mn-i to¬ 
gether with the number - 

fn-iiMn-i) froni the earlier distribution 
and the new addition as per (4) above. 
Carrying out this book-keeping we have 

l“g(M^_i) 2 

Next we consider the number/„_i(M„)- 
fn-\(Mn-\) which has arisen from steady 
addition to /()(M„) over all the 

preceding years following the rule (4). 
Therefore, 

fn-liMn) 


^ l-giMr-O 


MM„) -foiMn-i) + N{g(M„) - 

r=l 

This iterative relation determines the 
sequence {M„} in a step by step fashion 
starting with M(>, since for determining 
Mn we have all other quantities known 
from the preceding application of this 
relation. 


A simple example 

We will illustrate the above solution 
with a simple example in which both 
the initial distribution and the general 
population distribution are uniform 
with respect to the attribute x. In this 


fo(x) = NQX, g(x)=x. 
and the relation (7) gives 


n n—i n 




I 

1-M, , ^ N 


Even with this simple example we can¬ 
not find a solution in closed form, but 
Figure 1 illustrates the march of for 
0<n<25, No = 500 and N = 20 ob¬ 
tained by numerical methods. The me¬ 
dian value rises from 0.5 to 0.75 over 
twenty-five years. 

The continuum version 

The solution, however, becomes tracta¬ 
ble even for the general case if we 
modify the problem by having a con¬ 
tinuous input of fellows at all times 
instead of the discrete annual input. A 
simple analysis shows that the relation 
(7) is changed to an integro-differential 
equation 


2 df(x,t) 
N dx 


x=M{tX 


+/o(MJ-/u(M„_i). (6) 

From (5) and (6) we have the final relation 



Figure 1. The figure shows how the median 
value of the fellowship quality improves 
with successive elections over 25 years in 
the simple toy model. 


fellowship input is N, that is N^t to be 
added in a time interval Also, the 
fellowship distribution at time t is now 
denoted by/(x, 0 and its median by 
M(0. 

The equation (10) is solvable in 
closed form and in the general case we 
have 


{l-g(M)}2 


fATCO , . 

•M(0) 


a(M) = 


1 3/feO 

N dt 


where A is a constant of integration. For 
the simple case of uniform distributions 
discussed earlier the solution is very 
simple: 


M(t) = 


1 l + (2tN/Nf^) 
2' \ + (tN I Nq)^ 


where the prime denotes derivative with 
respect to the argument. Here the rate of 


and it fits the curve of Figure 1 very 
well. In fact an approximate discrete 
solution based on equation (13), viz. 

=l-|(l + nA^/iVo)"’ 

satisfies the iterative relation (7) with a 
good approximation. 

Jay ANT V. Narlikar 

Inter-University Centre for Astronomy 
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Supplementary comments on ‘endemic, rare and threatened 
flowering plants of South India’ 


This note is to supplement Meher 
Homji’s comments {Curr. Sci., 1995, 
68 , 1083-1084), on the article by Ranjit 
Daniels et al {Curr. ScL, 1995, 68 
493-495). 

Coining a term ‘pseudoendemic’ for a 
plant species like Piper barberi occur¬ 
ring in the southernmost parts of the W. 
Ghats in Kanyakumari District and also 
in a very closely adjacent and contigu¬ 
ous area in Kulathupuzhais rather mis¬ 
leading. Plants can be either ‘endemic’ 
pr wide species. There is no ‘pseudo’ 
category in the plant or animal world. 
There are well-defined categories of 
endemics such as palaeoendemic, neoen¬ 
demic, patroendemic, schizoendemic and 
apoendemic. It is better not to add new 
phraseology like ‘pseudoendemic’. 

As mentioned by Meher Homji, con¬ 
jectural propositions on extinction phe¬ 
nomena based on insufficient data, that 
too from a small politico-geographical 
area, (Tamil Nadu!) are not appropriate. 
Biological extinction and man-made 
extinction must be conceived in their 
true perspectives. Biological extinctions 
involve the processes of ‘way out’ of spe¬ 
cies through millions of years of speciation 
and extinction in time space continuum. 
Unfortunately the current crisis of extinc¬ 
tions of biota is steered by anthropogenic 
intervention and habitat loss. 

M. P. NAYAR 

Tropical Botanic Garden and Research 
Institute, 

Pacha-Palode P.O., 

Thiruvananthapuram 695 562, India 


R. J. Ranjit Daniels et al/s 
reply: 

We thank both V. M. Meher-Homji and 
M. P. Nayar for their interesting com¬ 
ments on our paper {Curr. Sci., 1995, 
68 , 493-495). In fact, the primary pur¬ 
pose of the paper was to invoke some 
discussion. 

Regarding the issues raised by Meher- 
Homji {Curr. ScL, 1995, 68 , 1083- 
1084) and that subsequently quoted by 
Nayar, we admit that Tamil Nadu is not 
‘south India’. However, we have just 
chosen to treat the plants of Tamil Nadu 
listed in the Red Data Books as a subset 
of those reported from the ‘Madras 
Presidency’ by Gamble. Madras Presi¬ 
dency, which included, at least in part, 
the four south Indian states, viz. Kerala, 
Tamil Nadu, Karnataka and Andhra 
Pradesh is in our opinion and 
geographically a fairly good representa¬ 
tion of south India. We therefore feel 
that it is statistically appropriate to 
work with the available data on small 
subsets for drawing more general infer¬ 
ences. 

On the issue of ‘biological extinction 
and human-induced extinction’, it is not 
clear to us how the distinction can be 
easily made. We are only highlighting 
the fact that certain species are ‘more 
extinction-prone’ than the others. We 
have also illustrated some of the possi¬ 
ble reasons that make such species ex¬ 
tinction-prone. Species on their natural 
‘way out’ are as vulnerable to extinction 


as those which are being ‘led’ by 
humans. Whether we pay more impor¬ 
tance to one at the expense of the 
other becomes more of a philosophical 
issue. 

Finally, regarding the ‘pseudoen¬ 
demics’ and the contention that there is 
nothing ‘pseudo’ in the natural world, 
we have an explanation as well. One has 
to admit the fact that all the status that 
we humans attribute to living organisms 
are ‘relative’ and at any stage be 
claimed as false. While it cannot be 
rationally argued as to why we should 
not use such terms as pseudo, it is easier 
to bring to the attention of the contender 
the fact that this term was not ‘coined’ 
by us. Although while writing this paper 
we thought we were introducing a new 
term to describe ‘endemic’ species, we 
discovered later that this term has been 
in use since 1990 after its first intro¬ 
duction by Nelson et al. {Nature, 345, 
714-716). The term was, as much as we 
have done, used to recognize ‘endemic’ 
species whose full range has not been 
sampled due to inadequate or uneven 
surveys. 


R. J. RANJIT DANIELS 

N. ANIL KUMAR 
M. JAYANTHI 

M. S. Swaminathan Research 
Foundation, 

3rd Cross Street, 

Taramani Institutional Area, 

Madras 600 013, India 


A fast-growing cell line of Taxus baccata L. (Himalayan yew) 
as a potential source of taxol precursor 


Taxol, a diterpene with exceptional an- 
ticancerous activity, is presently iso¬ 
lated from bark of Pacific yew, Taxus 
brevifolia^. It occurs as a very minor 
component in several species of Taxus^. 
Continued bark harvesting for taxol 
does not appear to be an adequate 
source to meet its demand^. There is a 
growing interest in alternative methods 


for taxol production such as from tissue 
culture of Taxus sp,^^^. The Himalayan 
yew, T. baccata, has been reported^ to 
contain taxol and 10 -deacetyl baccatin 
III, a precursor for synthesis of taxol. 
Here we report selection and cloning 
of fast-growing cell lines of Himalayan 
T. baccata for the production of tax- 
anes. 


Callus cultures were initiated from 
needle leaf of mature trees of T. baccata 
(Linn.) collected from Darjeeling area 
during July-October 1993. Callus was 
induced on explants on B 5 medium^ 
supplemented with 2 mg/1 2,4-D, 

0.1 mg /1 kinetin and 0 . 1 % casein hydro¬ 
lysate, as reported for other species of 
Taxus"^'^. Culture growth was main- 
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Figures 1 and 2. la, Early exponential phase cells of T. baccata suspension, b, visible colonies following plating after 21 days 
and c, variability in growth rates of cell colonies after 8 weeks of plating. 2. Comparison of growth index of 25 established cell 
lines of T. baccata. 


Table 1. Taxol and 10-deacetyl baccatin III content in four fast growing cell lines of Hima¬ 
layan T. baccata after 6 months of culture 


Cell line 

G! 

Taxol 

10-deacetyl baccatin III 

=^Cell suspension 
(mg/100 g) 

Media 

(Rg/i) 

*Cell suspension 
(mg/100 g) 

Media 

(M-g/1) 

Kp 510 

6.8 

3 ± 0.5 

10 

242 ± 15 

620 

Kp 517 

5.5 

10± 1.5 

33 

177 ±21 

370 

Kp535 

5.8 

6 ± 0.5 

15 

160± 11 

310 

Kp 551 

5.4 

7± 1.2 

Not detectable 

168 ± 10 

112 


' V iu ;s .present mean ± standard error expressed on a dry matter basis. 


iained on die same medium and was 
subcLiitured at 4-week intervals for six 
months. Suspension cultures were initi¬ 
ated by transferring callus tissues (2 g 
fresh wt) into 50 ml B5 medium contain¬ 
ing 2,4-D (0.2 mg/1) and kinetin 

(0.1 mg/i) in 250 ml Erienmeyer flasks. 
The cultures were incubated on a rotary 
shaker (125 rpm) at 25 ± 2°C under 
continuous dark and were transferred 
every 15 days. Cel! suspension cultures 


were maintained by inoculating ali- 
quotes of filtered cultures (nylon mesh 
0.5 mm pore size) equivalent to 10 mg 
dry wt (100°C/5 h) per ml of fresh me¬ 
dium containing 1 mg/1 2,4-D and 
0.05 mg/1 kinetin. Cultures were regu¬ 
larly passed through nylon sieve 
(0.5 mm) up to 6 months to obtain a fine 
cell suspension culture. 

For selection of fast-growing cell 
lines, 3-week-old cell suspension cul¬ 


tures (GI 1.8 to 2.5) were centrifuged at 
2000 rpm for 5 min, the liquid medium 
discarded and fresh medium added. Ap¬ 
propriate aliquotes were mixed in petri 
dishes with MS agar medium, held liq¬ 
uid at 40°C to give a final cell density 
of 5x10"^ cells/ml. The final agar con¬ 
centration was 0.6%. The petri plates 
were incubated under continuous dark at 
25 ± 2°C for 45 days. Cell division 
started within 7 days (Figure 1 a, b) and 
visible colonies (Figure 1 c) appeared 
on agar plates within 21 days of culture. 
Variability in cell growth rate was ob¬ 
served in different cell lines (Figure 1 d) 
initiated from the same explant. Growth 
index was calculated as (final wt- 
initial wt)/initial wt. Using this proce¬ 
dure, it was possible to select several 
cell lines showing faster growth. One 
major problem associated with Taxus 
cell suspension culture is the production 
of red coloured exudates (presumably 
phenolics) which effected cell growth. 
By following selection procedure as 
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described above, creamish-white cell 
suspension cultures could be established 
with minimum exudation of phenolics. 
These cell lines have been maintained 
for over 12 months in culture. 

Taxanes in cell suspension cultures 
were measured using previously de¬ 
scribed methods^. For analysis of tax¬ 
anes in cell suspensions and cultured 
media, cultures were harvested after 3 
weeks of each passage, fresh weight of 
cell cultures recorded and the material 
lyophilized and extracted with chloro¬ 
form (20 ml/g cells). The liquid medium 
was shaken with chloroform (100 ml/1). 
The chloroform extracts were evapo¬ 
rated to dryness, suspended in 5 ml 
methanol (HPLC grade) and filtered 
(0.2 pm) prior to HPLC analysis. HPLC 
analysis of taxol and 10-deacetyl bac- 
catin III was performed in a Shimadzu 
liquid chromatograph (LC 10 AD) em¬ 
ploying a reverse phase ODS-Supel- 
cosil C-18 column (25 cm x 4.6 mm id), 
a Supelco guard column (Pelliguard™ 
LC-18 kit with 2 cm x 4.6 mm car¬ 
tridge) and isocratic elution with ace¬ 
tonitrile: water: methanol (30:30:40). The 
flow rate was 1 ml/min and all chroma¬ 
tographs were plotted at 227 nm, using 
a UV detector (SPD lOA). A 0.25 mg/ 
ml solution of standard samples of tax¬ 
anes in MeOH was prepared and filtered 
through 0.2 pm filter prior to HPLC 
analysis. Identity of taxol and 10- 
deacetyl baccatin HI was confirmed by 
retention time, spiking with standard 
^d on the basis of spectral proper¬ 
ties^’^**. 

Extreme variability in cell growth rate 
was observed (Figure 2) in cell lines 


established by plating. Selection and 
recloning of faster-growing colonies 
led to establishment of four cell lines 
with rapid doubling time. Such vari¬ 
ability in growth rates of cell lines has 
been reported in cell cultures of 
r. brevifoliJ^^K 

Suspension cultures were established 
from the four cell lines (GI 5.5-6.8) and 
taxol and 10-deacetyl baccatin III were 
detected in cell suspension and culture 
media. However, taxol content was low 
and ranged from 0.003% to 0.007% in 
the four cell lines. The content of 10- 
deacetyl baccatin III varied from 
0.162% to 0.212% (Table 1). Low lev¬ 
els of taxanes were also exuded in the 
liquid culture medium. The results are 
particularly significant since total 
chemical synthesis of taxol has not yet 
been achieved and an efficient semi¬ 
synthetic method starting from 10- 
deacetyl baccatin III has been re¬ 
ported*^. Thus cell suspension culture of 
Himalayan T. baccata may be used as a 
source of precursor for synthesis of 
taxol. 
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Solar photovoltaic energy products: from 
semiconductor physics to advanced energy 
technology 


Ashok Parthasarathi, D. Madhavan and V, K, Kaul 


Physics to industry 

There is a long road to be traversed between the original 
enunciation of a fundamental physical principle and the 
final realization of an application of that physical prin¬ 
ciple in the form of an industrial product useful to soci¬ 
ety. The bridging of this gap between physics and 
industry consists of a series of innovative steps ranging 
from perfecting laboratory scale processes to converting 
those processes and associated techniques through up- 
scaled, standardized production methods in a pilot plant, 
to large volume, cost-effective production on a com¬ 
mercially viable basis. This also includes the development 
of appropriate production equipment as needed. It is the 
collection of such knowledge, skills and equipment which 
constitutes the development of a complete technology 
package by which the physical principle is converted into 
an industrial technology to make a commercial product. 

This paper presents such a case of ‘Bridging the Gap’ 
between semiconductor physics and the solar photovol¬ 
taic (SPV) industry. The case takes the form of the ac¬ 
tual history of development and commercialization of 
SPV technology by our public sector company, Central 
Electronics Limited (CEL). CEL is today not only the 
nation’s pioneer and largest manufacturer by far in the 
developing countries but the 5th largest manufacturer of 
single crystal silicon solar cells in the world. 

Historical evolution of photovoltaics (PV) 

The Photovoltaic (PV) Effect is the appearance of a 
voltage across a p-n junction or a rectifying contact as a 
result of its exposure to light. The light produces elec¬ 
tron hole pairs. These pairs are separated by the inherent 
electric field across such junctions which causes a cur¬ 
rent to flow in the external circuit through the leads at¬ 
tached to the two sides of the junction. 


Paper presented earlier in a more detailed form at the International 
Conference on Physics and Industrial Development: Bridging the 
Gap January 17-19, 1994. 

Ashok Parthasarathi is in the Department of Scientific and Industrial 
Research, Ministry of Science & Technology, New Delhi, India. 
D. Madhavan and V. K. Kaul are at the Central Electronics Limited 
Sahibabad 201 010, India. 
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The Photovoltaic Effect was first discovered in an 
electrochemical cell by Becquerel^ in 1839. The first 
solid state photovoltaic cell of selenium was made in 
1877 by Adams and Day^. Although silicon solar cells 
based on natural (non-doped) junctions were made in 
1941 (refs. 3, 4), it was only in 1954, that the first dif¬ 
fused p-n junction silicon solar cell was made by Pearson^ 
and his group at Bell Telephone Laboratories, USA. It is 
that Pearson Cell which forms the basic building block of 
present-day solar photovoltaic energy generating systems. 

SPV systems were first used commercially in 1957 as 
‘solar batteries’ to power man-made earth satellites and 
this was the main application of solar cells till the mid- 
70’s. However, it was the so-called ‘oil crisis’ of 1973 
which spurred the development of technology for mak¬ 
ing solar cells, modules and complete SPV systems for 
terrestrial applications. 

Solar PV systems are widely used to power various 
systems - both rural and industrial. Solar photovoltaic 
energy sources produce DC electricity directly from so¬ 
lar energy; they are modular in nature and their mainte¬ 
nance requirements are minimal; they are also absolutely 
non-polluting. Unlike other sources of electricity, the 
cost per unit of electrical energy generated does not de¬ 
pend drastically on the capacity of the photovoltaic en¬ 
ergy generating unit installed. Therefore, small stand¬ 
alone SPV sources are just as viable economically as 
large and centralized ones, even at the present level of 
technology. All these advantages make solar photovol¬ 
taic energy sources eminently suitable for use in places 
where electricity is not available from conventional 
sources such as hydro, thermal or nuclear power genera¬ 
tors and where diesel generators or electrochemical cells 
are not economical or feasible to use. 

Single crystalline silicon technology is well understood 
and is mature due to its preponderant use in microelectron¬ 
ics. Hence, it is the principal raw material for making terres¬ 
trial solar cells as compared to other photoconductive 
semiconducting materials such as gallium arsenide. 

The silicon PV chain 

The silicon PV chain starting from the initial raw mate¬ 
rial polysilicon to the final SPV system is depicted in 
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Figure 1. Schematic of silicon PV chain. 


Figure 1. Polycrystalline silicon nuggets are the starting 
point in the PV chain. These are melted in a furnace and 
grown into single crystalline ingots. Such ingots are 
commercially grown by the standard Czochralski 
method upto a diameter of 100-150 mm. Then silicon 
wafers (thickness 200 to 400 microns) are sliced out of 
the ingots either by diamond impregnated internal di¬ 
ameter (ID) cutters or through multiple wire saws. The 
wafers are converted into solar cells through appropriate 
process technology using materials such as special 
chemicals, dopant elements e.g. phosphorus and boron 
and special conducting pastes of silver and aluminium 
compositions. These processes are drawn from the now 
well-known semiconductor device fabrication process, 
since the silicon solar cell is nothing but a large area 
semiconductor diode. A number of these cells are then 
interconnected and made into modules by means of ba¬ 
sically a lamination process. This process involves the 
use (apart from the solar cells themselves) of other spe¬ 
cialized materials such as tough tempered glass, soft 
polyester materials, metal frames and a junction box for 
extracting the electrical power. These SPV modules are 
the starting point for configuring a complete SPV sys¬ 
tem appropriate to a specific application. The final en¬ 
gineering of an SPV energy system is based on site and 
load-specific design including use of special computer 
software developed for that purpose. All the sub-systems 
other than the modules and the load (e.g. batteries, 
charge controllers/inverters) are termed the 'Balance of 
the total Solar Photovoltaic System' (BOS). 

The techno-economic performance of a solar cell or 
module is measured by its conversion efficiency (r|). 
This is the percentage of the incident solar light energy 
which is converted by the cell/module into electrical 
energy. Today, n'^-p junction circular silicon solar cells 
of 100 mm diameter or square cross-section cells of 
100 mm side have efficiencies in the range of 11%-14% 
in commercial volume production. The major factor 
presently preventing large-scale commercial exploitation 
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of these power-generating devices is their high initial 
cost. Increase in the conversion efficiency has been re- 
congnized as one of the key factors which would bring 
down the cost of photovoltaic power generation. To this 
end, researchers in laboratories and companies around 
the world are looking critically at the various loss 
mechanisms and attempting technological innovations to 
overcome the losses so as to approach the theoretical 
conversion efficiency limit of around 30% of n'^-p junc¬ 
tion ceils. In recent years, hand-made ceils in the labora¬ 
tory using hyperpure silicon wafers have shown 
efficiencies of 18%-19% for cells of 70 mm x 70 mm 
(45-50 cm^)^ and as high as 24% for small size cells 
(20 mm X 20 mm corresponding to 4 cm^)^. The challenge 
is to achieve these higher efficiencies as average effi¬ 
ciencies of thousands of large area (100 mm x 100 mm) 
cells per day in commercial production in industrial plants 
and that too with commercial-grade CZ silicon wafers as 
the starting raw material. 

SPV in India 

Until 1975, activity in the field of SPV in India con¬ 
sisted only of R and D on solar cells in a few national 
laboratories. Development activity was directed only 
towards laboratory-scale solar cell fabrication, mainly 
oriented towards possible future space applications. 

SPV in CEL 

The activity at CEL in the area of solar photovoltaics 
extending over a decade and half, can be broadly broken 
up into the following macro-milestones: 

1975-1980 : R & D phase 

1981-1985 : Pilot plant operation 

1986-1991 : Industrial-scale technology prov¬ 

ing and semi-commercial operations 

1991 onwards : Commercial operation. 

The development of solar cells for terrestrial applica¬ 
tions was initiated at CEL following Governments de¬ 
cision, in 1975, to mount concerted efforts in this high- 
technology area. CEL has carried out extensive in-house 
R & D work spanning a decade for developing the 
complete technology for the manufacture of silicon solar 
cells and modules and designing, engineering and operat¬ 
ing a pilot plant for production of such cells and modules 
based on the process technology and production engineer¬ 
ing so developed. The activity also includes the develop¬ 
ment of a whole range of SPV systems and undertaking 
large-volume commercial production, supply, field instal¬ 
lation and commissioning of such systems. Starting with 
processing of 38 mm diameter silicon wafers using vac¬ 
uum metallization in 1978, CEL went through an evolu- 
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Table 1. Milestones of cell/module process technology develop¬ 
ment at CEL 


Processing of 1" diameter solar cells 1977 

First SPV module with aluminium substrate 1977 

Liquid encapsulation of cells into modules 1977 

Vacuum metallization of cells 1977 

Processing of 2" diameter solar cells 1978 

Processing of 3" diameter solar cells 1980 

Introduction of expansion loop in cell interconnection 1981 

Use of tempered glass in module instead of plate glass 1981 

Introduction of glass substrate instead of aluminium for 

intrinsically safe modules 1982 

Screen-printed metallization of cells instead of vacuum 

metallization 1983 

Processing of 4" diameter solar cells 1984 

First foldable module for expedition to Mount Everest 1984 

Use of low-iron tempered glass for supertrate 1986 

Tedlar-aluminium-tedlar substrate instead of aluminium 1986 

Air-firing of cells after metallization 1988 

Sirtl etch for edge isolation 1989 

Processing of 4" pseudosquare solar cells 1989 

Lead attachment to cells using automatic tabbing machine 1991 
Automated chemical processing station 1993 


tionary development process in terms of both different 
sizes of cells and the whole range of process technology 
for making them. The milestones of development of solar 
cells and modules showing the evolution of the process 
and production technology at CEL is given in Table 1. 

Solar cell process technology 

The solar cell production process flow chart is shown in 
Figure 2. The process flow chart corresponds to the 
Screen Printed Technology (SPT) of making silicon so¬ 
lar cells, which is the dominant technology currently in 
use the world over and also the technology developed 
and in commercial use at CEL. A perspective of CEL’s 
modern solar cell process area is shown in Figure 3. The 
individual process steps in the SPT are as follows: 

Surface preparation 

The raw silicon wafers sometimes have oil or grease on 
their surface, due to adhesion of the cutting coolant used 
at the time the wafers are sliced out of the silicon ingots. 
Therefore, it is essential to prepare the silicon surface 
properly for subsequent polishing and texturization by 
cleaning its surface with suitable non-ionic detergents. 

Chemical polishing and texturization 

The raw silicon wafers also have saw marks which are 
likely to affect the performance of the solar cells made 
from such wafers. So, these saw marks need to be re¬ 
moved. This is done by alkaline polishing of the wafers. 
Further, in order to absorb more incident light, the pol- 
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Figure 2. Solar cell process flow chart. 



Figure 3. A perspective view of CEL’s modern solar cell process 
area. 



Figure 4. Indigenous automated chemical station. 


ished wafers are subjected to texturization by preferen¬ 
tial etching with low concentration alkaline solutions. 

All these chemical process steps are now being carried 
out using an indigenously designed and fabricated auto¬ 
mated chemicaf station. The chemical station has been 
designed and fabricated in association with the Bhabha 
Atomic Research Centre (BARC), Bombay (see Figure 4). 

Diffusion 

This is the process step in which the n-p junction is 
formed on the silicon substrate. This process is carried 
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out using POCI3 and N 2 and O 2 gases in a semi- 
automated diffusion furnace incorporating a microproc¬ 
essor-based gas control and sequencing system. 

Edge isolation 

This process step is for the isolation of the junction at 
the periphery of the diffused silicon wafers. It is 
achieved either by chemical etching, plasma etching or 
laser scribing. 

Back Surface Field 

One of the limiting parameters of solar cell performance 
is the open circuit voltage which is limited due to the 
particular method of junction formation. This parameter 
{i.e. open circuit voltage) can be further enhanced by 
introducing another heavily doped p-type layer popu¬ 
larly known as back surface field. Screen-printed alu¬ 
minium metallization is undertaken on the back of the 
wafer as the key step in this process. The introduction of 
the BSF enhances the overall efficiency of the solar cell. 

Screen printing 

For providing the contacts for carrier collection and in¬ 
terconnects both sides of the silicon, suitable conducting 
pastes are screen-printed and fired. This step is carried 
out by two semi-automatic integrated screen printers - 
one for screen printing the front surface of the cells and 
the second for printing the rear surface of the cells. 

Anti Reflection Coating 

To enhance the short circuit current of the solar cells, 
and hence their power output and efficiency, the reflec¬ 
tion from the top surface should be reduced. This can be 
achieved by having a suitable Anti Reflection Coating 
(ARC) on the top surface. There are several techniques 
for applying such a thin ARC e.g. vacuum evaporation, 
plasma or spray pyrolysis. The most suitable technique 
for volume production is spray pyrolysis using suitable 
organo-metallic compounds. 

Solar cell testing 

The solar cells are then tested and sorted according to 
their current ranges, using a computer controlled auto¬ 
matic cell tester and sorter. 

SPV module 

Although solar cells are the basic building blocks of 
SPV power generating systems, it is the SPV modules 



Figure 5, Moduling process flow chart. 

and not the solar cell, with which system designers 
work. The current/power output of a single solar cell is 
too low to run most electrical appliances. So, several 
cells have to be interconnected to produce operationally 
useable power. In addition, the thin solar cells are frag¬ 
ile and so have to be protected from the environment. 
Thus a suitably interconnected combination of solar 
cells, when sealed hermetically with a transparent front 
glass cover, forms an SPV module. These modules can, 
in turn, again be suitably interconnected in series and/or 
parallel combinations and mounted on a metal frame 
structure to form an SPV panel. An aggregate of SPV 
panels in the field forms an SPV array. In respect of 
power levels, a typical standard module made of 36 nos. 
of 4” dia. circular cells will give a power output of 38- 
42 W whereas, a module made of 36 nos. of 4” pseu¬ 
dosquare cells will give around 45-50 W. The power 
and voltage levels of panels and array are dependent 
upon the specific system design and may, in practice, 
range from tens of watts to several hundred or thousands 
of watts of power and from a few volts to several hun¬ 
dreds of volts. Electricity generation from the SPV 
power source is totally modular in nature, and the SPV 
power capacity and system voltages can be tailored to 
meet the requirements of the user. 

Module manufacturing process 

The solar cell moduling process flow chart is shown in 
Figure 5. The individual process steps are as follows: 

Lead attachment and stringing 

Leads are attached to each solar cell by a soldering 
process. The lead attachment is done either manually or 
through a semi-automatic tabbing machine. After lead 
attachment, a definite number of cells are interconnected 
in series to form a string of solar cells in a defined pat¬ 
tern to give a sizeable output power. The stringing or cell 
interconnecting^ operation is also performed by a simple 
soldering process. Automatic/semi-automatic equipment 
are also available for performing these operations. An 
automatic tabbing machine in CEL’s moduling line is 
shown in Figure 6. 
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Figure 6. Tabbing machine for soldering leads to cells. 


Lay up and encapsulation 

The string of solar cells is then chemically cleaned and 
placed between a sheet of a special soft polymer called 
ethyl vinyl acetate (EVA) and a sheet of poly vinyl fluo¬ 
ride (PVF) which act as encapsulant substrate for the 
strings. A sheet of high transmission toughened glass is 
used as the substrate. The complete lay-up is then put in 
an encapsulating equipment called a laminator in which it 
is subjected to a specific time-temperature curing cycle to 
form the laminated module. While so far the lamination was 
being carried out using imported machines, indigenous 
laminators using state-of-the-art features including micro¬ 
processor control have now been got fabricated at a much 
lower price for carrying out this production step in CEL. 

1. V. characterization 

The laminated module is then tested in a sun simulator 
in which the module is exposed to a uniform illumina¬ 
tion simulating the sun’s insolation on a standard mid¬ 
day (i.e. normally designated as ‘one sun’ i.e. 
100 mW/cm^). Through electrodes attached to the mod¬ 
ule, the voltage across the module (V) and the current 
from it (/) are measured at different load conditions 
from ‘open-circuit’ (OC) condition to the ‘short-circuit’ 
(SC) condition and the complete I-V curve for each 
module is plotted automatically using a PC. Each such I- 
V curve is stored in the computer memory after suitably 
tagging it with the module number and other'batch 
data. I-V characteristics of a typical module are shown in 
Figure 7. 

Framing and termination 

The encapsulated module is framed using aluminium 
channels of special design to protect the module from 
mechanical damage, and for mounting it on suitable 
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CURRENT POWER Vs VOLTAGE CHARACTERISTICS 
(CELL temperature 25'C) 



Figure 7. I-V characteristics of a typical module (36 No., 4" circu¬ 
lar cells). 



Figure 8. Hot water immersion test. 


structures to form a panel. A nylon terminal box is then 
fixed to provide electrical terminals to extract electrical 
current from the module. 
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Quality assurance 


A statistically selected number of modules from each 
production batch are then subjected to a number of 
quality assurance tests as also environmental tests such 
as hot water immersion test, hot/cold chamber tests, heat 
cycle tests, etc. Figure 8 shows the hot water immersion 
test equipment. The modules are now ready for use as a 
power generating source either individually or formed 
into a ‘panel’ or an ‘array’ depending upon the specific 
system design requirements. 

The milestones of development of different types of 
modules keeping pace with the corresponding 
cell/module process technology milestones are given in 
Table 2. 

Some of the typical modules from this product range 
are shown in Figures 9-11. The ONGC module is a pio¬ 
neering instrinsically safe double glass module devel¬ 
oped specifically for operation in explosion-prone 
environments such as on the off-shore, oil production 
platforms of the Oil and Natural Gas Commission 
(ONGC). These modules have also been certified to be 
intrinsically safe in Gr. I, Gr. IIA and Gr. IIB atmos¬ 
phere hazardous area, by the Central Mining Research 
Station (CMRS), Dhanbad and accepted by the interna¬ 
tional insurers, Lloyds of UK. These are the first modules 
in the world with such certification. 

As a result of all this technology development, CEL 
has presently the following types of modules in its 
regular production range: 

Type of module Power output 

a) 36 nos. of 4” circular cell module 38-42 W 

b) 36 nos. of 4" pseudosquare cell module 45-50 W 

c) 36 nos. of half circular cells of 4"dia. 10-14 W 

(8 V) 

d) 36 nos. of half cells of 4" circular/ 10-20 W 

pseudosquare (16V) 

e) Lantern modules - using 1/3, 1/2, 1/4 10 W (8 

of 4” circular/pseudosquare cells V/16 V) 

f) Lightweight foldable manpack module 24 W 

(16 V) 

g) Lightweight ‘book case’ type 14 W 

foldable module (14.5 V) 

h) RadiO/tape-recorder module - 18 nos. 3 W 

of cut cells (8 V) 


Solar photovoltaic (SPV) systems 


The energy generated from the solar cell/module can be 
usefully harnessed to meet any specific load requirement 
through a properly configured SPV power system 


^ Figures 9,10 and 11. Different types of modules in the evolution of 
the technology. 
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Table 2. Milestones of development of modules at CEL Table 3. Milestones of SPV systems development at CEL 


First module of 1" diameter solar cells 1977 

First module of 2” diameter solar cells 1978 

First module of 3" diameter solar cells 1980 

Intrinsically safe, double glass, stainless steel frame 

module for off-shore platforms of ONGC 1982 

First module of 4" diameter solar cells 1984 

First module using lamination technology 1986 

First module of 4" pseudosquare solar cells 1989 

High voltage module for solar PV power plants 1992 

Foldable, light weight, polymer encapsulant defence 

modules to operate from - 30°C to + 55°C 1993 

Lantern module 1993 


SPV SYSTEM 



Figure 12. A simple schematic of an SPV system. 


consisting of the SPV modules/panels/arrays and other 
Balance of System (BoS) components such as battery 
bank, charge controller, inverter and loads such as 
pumps, lamps, vaccine refrigerators, TV sets, radio 
communication equipment. Very Low Power TV 
transmitters etc. A simple schematic of a typical SPV 
power system is shown in Figure 12. The SPV panel 
generates DC electricity from the sunlight incident on it. 
Where the SPV system is to operate during the daytime 
e.g. a solar water pump, the electricity generated by the 
panels can be directly used to run the DC pump. On the 
other hand, where the application is at night, such as 
powering a light, the electricity generated during day¬ 
light hours is stored in a battery through appropriate 
charge regulating electronic equipment (charge control¬ 
ler) and the power is drawn off the battery at night. The 
DC power generated can directly be used to run DC load 
devices. If the load is an AC device, the DC power gen¬ 
erated by the panels (or from the battery bank) is con¬ 
verted into AC power of the desired phases (single or 
three-phase) and frequency (normally 50 Hz), through an 
inverter and used to power the load/equipment. 

SPV systems development at CEL 

The design of SPV systems are load and location- 
specific. SPV power systems are custom-designed for a 
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SPV operated radio set in Jammu and Kashmir 1978 

SPV irrigation water pumping system installed at 

Kalyani, West Bengal 1979 

SPV pumping system for drinking water near Jaipur 1980 

SPV community lighting systems installed at SOS 

children’s village Leh, Ladakh, J and K 1980 

SPV community television system installed at Kalyani, 

West Bengal 1980 

Special SPV power pack for the first Indian scientific 

expedition to Antartica 1981 

First SPV power system for unmanned offshore oil-well 

platform of ONGC 1982 

SPV operated diesel dispensing pump 1982 

Export of SPV water pumping and other systems 1983 

First SPV powered stand-alone street lighting systems in 

Salojipalli, Andhra Pradesh 1983 

SPV foldable modules for Everest-84 expedition 1984 

SPV systems for direct reception community TV sets 

of Doordarshan 1985 

SPV system for cathodic (anti-corrosion) protection of oil 

pipelines 1985 

SPV system for vaccine refrigeration in village health centres 1985 
Design and supply of first SPV system for very low power 
unmanned TV transmitters (VLPT) and TV Receive only 
(from Insat) (TVRO) terminals of Doordarshan 1986 

Supply of SPV power system for weather monitoring, 

lighting and entertainment at an avalanche study station at 
Rohtang pass (alt: 3600 m/12000 ft.) in the Himalayas 1987 
SPV powered lighting and television system for army 
camp at Siachin in the Himalayas (alt: 3600- 
5500 m/12000-18000 ft.) 1987 

Supply of first 2 kWP SPV village power pack 1987 

SPV system for warning signals at unmanned railway level 

crossings 1988 

SPV rural deepwell water pumping systems for national 

drinking water mission 1989 

SPV power systems for rural telecommunication 

transmission and switching equipment 1989 

Supply and installation of SPV systems in village 

Hitam-ulu, Sumatra, Indonesia 1990 

SPV lighting systems for adult education under National 

Literacy Mission 1990 

Supply and installation of 6 kWP power plant at Kariawali 

village in Uttar Pradesh 1990 

Supply and installation of Asia’s first 100 kW SPV power 

plant at Kalyanpur village near Aligarh, UP 1992 

10 kW power generator for M. S. Swaminathan Foundation 
at Taramani, Madras 1993 

Supply of foldable lightweight SPV modules for powering 
manpack communication equipment for the defence 
services to operate from — 30°C to -I-55°C 1993 


specific application at a particular geographical loca¬ 
tion, by taking into account both the intensity and diur¬ 
nal/seasonal variation of solar insolation at that place. 
The total SPV panel/array capacity (in watts or kilo¬ 
watts) and battery capacity (in ampere-hours) are ac¬ 
cordingly chosen to meet the total load current, duration 
of daily use and the above mentioned solar insolation 
data. Automatic switching ‘ON’ and ‘OFF’ of the power 
from the SPV system to the load (say lights during night 
time) is also incorporated in the system design to restrict 
the usage of the SPV power to the exact duration of 
power requirement. This is to save the life of the system, 
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particularly of the batteries and electronic BoS. Devel¬ 
opment of appropriate SPV systems to meet different 
applications and user needs is a primary requirement for 
wider promotion of the market for SPV power systems. 
Therefore, parallel to the development of the process 
technology to manufacture cells and modules, CEL has 
put in a major effort of development-cum-manufacture- 
cum-installation and commissioning of "a range of SPV 
energy systems. CEL has continuously been developing 
a variety of SPV application systems, subjecting them to 
extensive field testing and then obtaining user accep¬ 
tance. Thereafter, these systems are produced and sup¬ 
plied against user demands. Indeed the systems 
constitute the total technology because it is through such 
systems that solar electricity is actually applied to meet 
social and economic needs. 

CEL has developed a computer software package for 
designing site and load-specific, stand-alone, SPV sys¬ 
tems. The software enables the drawing up of a com¬ 
plete system specification based on site information 
such as the lattijude and longitude, solar insolation and 
load parameters including the duration of daily usage as 
also provision of battery storage for a specified number 
of ‘successive sunless days’. The system design then 
includes the selection of an appropriate module type 
(using circular cells or pseudosquare cells for e.g.) for 
use in the total SPV panels/arrays for the system. For 
this reason, a close interconnection may be perceived 
between the system milestones and the module product 
development milestones. 

The milestones of such SPV systems development and 
introduction into the SPV market by CEL is given in 
Table 3. 

System for ONGC platforms and TV transmitters 
of Doordarshan 

The cases of the SPV systems designed and developed 
for the off-shore oil production platforms (Figure 13) of 
the Oil and Natural Gas Commission (ONGC) and.for 
the Very Low Power TV Transmitters (VLPT) of Door¬ 
darshan (Figure 14) which are among the unique SPV. 
systems supplied to customers as ‘world-firsts’ had more 
than one distinctive feature. The first of those features 
was CEL’s close interaction with the users-ONGC 
(through Engineers India Limited) and Doordarshan- 
and with the equipment manufacturers Gujarat Commu¬ 
nications and Electronics Ltd. (GCEL), Baroda and 
Electronics Corporation of India Ltd. (ECIL), Hydera¬ 
bad for the UHF radio communication equipment and 
the telemetry equipment respectively for the ONGC Oil 
Platforms and the GCEL again for the VLPTs for Door¬ 
darshan, to match the SPV power system with the elec¬ 
tronic equipment concerned. Secondly, through such 
interactions, the power consumption of the concerned 



Figure 13. SPV panels on the off-shore oil well head platform of 
ONGC. 



Figure 14. The panels of the SPV power source for the Very Low 
Power TV Transmitters (VLPT) of Doordarshan. 


electronic equipment was reduced (in the case of the 
VLPT, to almost 50% of the original level) so as to 
make operation of the equipment with SPV power 
maximally cost-effective. More recently, a similar exer¬ 
cise is being done with the SPV lantern manufacturers 
so as to come out with an optimized least-cost product. 

Categorization of SPV systems 

SPV systems can be cat^orized on the basis of their 
application characteristics as rural, remote area and in¬ 
dustrial systems. Such a categorized list of SPV systems 
developed and supplied by CEL is shown in Table 4. 

A majority of the SPV systems meet the electricity 
needs for water pumping, village street and domestic 
lighting, vaccine refrigeration for immunization and 
other basic needs of rural areas not covered*by conven¬ 
tional grid electricity. With the increasing use and 
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Table 4. Applications of SPV power systems 

Rural applications 

Village street lighting 
Domestic and community lighting 

Shallow well water pumping for irrigation and drinking water supply 

Deep well water pumping for drinking water supply 

Water purification systems 

Village power plants 

Vaccine refrigeration 

Rural radio telephone sets and telephone exchanges 

Very low power unmanned television transmitters 

Direct reception television sets 

Black and white and colour television receivers 

Transistorized radio receivers 

Solar lanterns 

Remote Applications 

Applications in Antarctica 
Application in the Mount Everest expedition 
Offshore telecommunication and telemetry 
Hydro-meteorological stations 

Salellite-based data collection platforms for meteorology and 
oceanography 

Industrial applications 

Cathodic protection of oil, gas, water and other pipelines 

Powering of electronics on lighthouses 

Obstruction warning lights at airports 

Railway platform lighting and panel interlocking 

Warning signal for unmanned railway level crossings 

Petrol/diesel dispensing stations 

Solar power generator 

Defence applications 
Manpack battery chargers 
Applications by paramilitary forces 


awareness of SPV power as an alternative source of en¬ 
ergy, the battery manufacturers have come out with long 
life, maintenance-free batteries, specifically for use in 
SPV systems. This has rendered the SPV systems much 
more reliable and longer lasting for use in remote inac¬ 
cessible areas- 

SPV systems for the National Technology Missions 

One of the major contributions of CEL’s SPV power 
systems are to the National Technology Missions. Some 
205 SPV-powered deep well water pumping systems 
using submersible pumps have been supplied for the 
drinking water mission through the Department of Rural 
Development. These pump systems are really complete 
village water supply systems and are capable of discharging 
10,000 litres/day from depths as great as 120 m. Over 1,500 
lighting systems using high luminosity Compact Fluores¬ 
cent Lamps (CFL) have been supplied to as many Adult 
Education Centres in 14 states under the National Liter¬ 
acy Mission. Over 35,000 nos. of SPV power sources 
have been supplied for the Department of Telecom¬ 
munication’s Single Channel VHF Radio Links as 
part of the National Mission for Rural Communica- 



Figure 15. SPV operated lights in an Adult Education Centre at 
Salem District, Tamil Nadu. 


tions. Solar-powered refrigerators are also being devel¬ 
oped and supplied for the cold chain for storing vaccines 
and life-saving drugs in remote villages under the Na¬ 
tional Immunization Mission. Figure 15 shows CEL’s 
SPV-operated lights in an Adult Education Centre at 
Salem District, T.N. 

Defence charger 

The other pioneering development of CEL has been the 
‘Defence modules’. These are lightweight, foldable 
modules which can be carried ‘manpack’ by the soldier 
for charging the batteries of communication equipment 
(wireless radio sets) carried by him.. These ‘defence 
modules’ have been type-approved by the Army, after 
exhaustive and extensive trials in actual field conditions 
ranging from the Rajasthan desert to the extreme cold 
weather conditions of the high Himalayas (3600— 
5500 m/12000-18000 ft.). Based on the feedback from 
such field trials by the customer, CEL has optimized the 
design, engineering and production technology of these 
modules. These foldable ‘manpack’ SPV battery charges 
have now been commercially manufactured and first 
supplies made to the Army. This defence-approved fold- 
able module is the only one of its kind in the world. 
Figure 16 shows CEL’s foldable modules in use at a 
base camp for charging batteries of communication 
equipment in the Indian Everest Expedition of 1984. 
The range and total number of SPV systems developed 
and supplied by CEL so far are shown in Table 5. 

CEL has been responsible to a large extent for the 
creation of a national market for SPV products through 
its continuous and innovative development of new SPV 
application systems, even when no possible market for 
these systems existed. 
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Table 5. Solar PV systems supplied by CEL as on 31.3.95 


1. Stand alone street lights 11095 

2. Indoor lighting systems 251 

3. Lighting-cum-TV receiver sysj:ems 449 

4. Lighting systems for rural adult education centres 1558 

5. Solar PV lantern 1051 

6. Shallow well village water pumping systems 947 

7. Shallow well village water pumping systems 

(National Pump Programme) 92 

8. Deep well village water pumping systems 205 

9. Multi-use village power packs/micro power stations 21 

10. Vaccine refrigeration systems at rural health centres 30 

11. Terrestrial and direct-from-insat TV receivers 1253 

12. SPV power source for Very Low Power (unmanned) 

TV transmitters/transposers 211 

13. SPV power source for DOT’S multi access rural radio 

communication systems 1831 

14. SPV power source for DOT’S single channel VHP 

radio telephone equipments 31029 

15. Off-shore oil/gas platforms 27 

16. Cathodic protection systems for oil pipelines 

(to prevent corrosion) 12 

17. Obstruction warning lights systems for civil aviation 34 

18. Unmanned railway level crossing warning systems 20 

19. SPV systems for powering of compound lights/garden 

lights and water pumping system 1 

20. SPV system for diesel/petrol dispensing stations 15 

21. Defence systems 309 

22. Others 422 


11095 


With the development and technology and technology¬ 
proving phase behind it, the SPV market could now be 
truly said to have come of age both in our country and 
world over with ever-increasing use of solar photovol¬ 
taic systems and power plants coming into vogue. Such 
a growing market is expected to lead to further cost- 
reduction of SPV power as a result of both economies of 
scale and technological advances. 

100 kW power plants 

CEL has pioneered during 1992-94 the design, engi¬ 
neering, construction and operationalization of two 
100 kW SPV power plants, Asia’s largest such plants. 
The plants are located at villages Kalyanpur and Ghosi 
in the state of Uttar Pradesh. Figure 17 shows the SPV 
array of the power plant at Kalyanpur. These power 
plants have been fully designed by CEL and installed on 
a turnkey basis against contracts from the Non- 
Conventional Energy Development Agency (NEDA) of 
the Uttar Pradesh government. The power plant at Kaly¬ 
anpur powers 450 domestic lights, 50 street lights and 
15 nos. of 5 HP water pumps. CEL has set up the plant 
on a turnkey basis including supply of the special high 
voltage SPV modules, the lights, pumps, and the Power 
Conditioning Units (PCU), building the control room to 
house the PCUs and batteries, and laying the cables and 
interconnecting the whole system etc. The plant is 


Figure 16. Foldable modules in use at a base camp for charging 
batteries of communication equipment in the Indian Everest Expedi¬ 
tion of 1984. 



Figure 17. The SPV array of the 100 kW plant at village Kalyanpur, 
Aligarh District, UP. 


designed on a modular basis so as to consist of 4 nos. of 
25 kW power units including the corresponding SPV 
sub-array, PCU and batteries. The PCU contains a 
charge controller for safeguarding the battery life and an 
inverter for converting the DC electricity from the SPV 
array/batteries into 3-phase, 440 V, 50 Hz AC. The 
PCUs also have a phase synchronization unit to enable 
their interconnection in parallel to meet the total load 
requirement in the stand-alone mode. One 25 kW sub¬ 
system has been interfaced with the national AC grid 
through a 2.5 KMs, 11 kV feeder line. All the PCUs 
including the one for the grid interfacing have been to¬ 
tally designed indigenously to cater to the type of volt¬ 
age and frequency variations prevalent in the Indian 
grid. Power conditioning units available in the interna¬ 
tional market do not have the capacity of handling such 
variations. The 25 kW basic unit has now become a 
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standard module for such plants to be installed by CEL 
in future. The modular concept ensures built-in redun¬ 
dancy in the power plant operation so as to meet the 
load requirement (atleast partially) in the event of fail¬ 
ure of any particular PCU. The undertaking of these two 
SPV power plants, the 1st of their kind in the develop¬ 
ing countries, has provided a wealth of real field experi¬ 
ence to CEL in this area, thus adding to its already wide 
range of capability in the SPV power systems. 

National Pump Programme 

This year, a National Programme for large-scale distribu¬ 
tion of SPV water pumps to villages throughout the coun¬ 
try has also been launched by the Ministry of Non- 
Conventional Energy Sources (MNES). This programme 
has been conceived to give concrete shape to the an¬ 
nouncement of the Prime Minister, P. V. Narasimha Rao, 
of large-scale use of solar photovoltaic (SPV) power for 
the benefit of populations in unelectrified villages. The 
programme envisages the sale of these SPV pu|nps di¬ 
rectly to the users under a suitable leasing/soft loan 
mechanism with instalment payments spread over 10-20 
years. This is being attempted to offset the disadvantage of 
the initial high cost of the solar photovoltaic systems which 
is acting as a prime deterrent for the large-scale deployment 
of these systems inspite of its many other advantages. The 
success of this programme will see the emergence of a very 
large market for the solar photovoltaic systems in India. 

Thrust areas for R&D 

In order to progressively increase the share of SPV in 
meeting global energy demands, intensive research and 
development work is needed on a continuous basis both 
to refine and bring down the cost of existing manufac¬ 
turing methods and to bring into manufacture cells using 
novel technologies. 

These and other measures taken on the technology 
front along with appropriate policy support from the 
Government, is expected to steeply reduce the cost qf 
solar cells and modules and hence of the corresponding 
SPV systems in the country, by the year 2000. 

Assessment of CEL's experience in 'Bridging 
the gap' 

When one undertakes an ‘Operation Hindsight’ of CEL’s 
experience with developing and commercializing SPV 
technology, several interesting features of ‘bridging the 
gap’ between physics and industry come to light. 

First, in cell-making, cell-interconnecting and module¬ 
making, there is a close interplay between process steps 
and the equipment with which those steps are imple- 
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mented in industrial production. Almost every produc¬ 
tion equipment has to be extensively ‘tuned’ or 
optimized in terms of parameter settings and operating 
conditions, in order to get the best results. Second, se¬ 
lection of an appropriate mix of manual operation and 
(semi) automation, the choice being made so as to 
minimize the overall process cost for a plant of 2-3 MW 
of cells per year. Third, in respect of the choice of the 
source of supply of the process equipment, a judicious 
mix of indigenous and imported equipment is made to 
achieve a cost-effective mix without trading off quality 
and yield. Some equipment are bought in the world mar¬ 
ket. This is done where techncflogical sophistication and 
performance with high throughputs are the dominant 
consideration. In other cases, indigenous equipment are 
selected without sacrificing the same technical and 
throughput factors, but at far lower cost. Fourth, even 
where equipment are imported, modifications need to be 
effected in the equipment after use in the plant so as to 
optimize the equipment into the process line, thereby 
increasing its effectiveness and performance. Notable 
examples of such modifications done by CEL are in the 
tabber and laminator. Considerable modifications were 
effected in the machine while using it in CEL’s line by 
which its performance increased several-fold. The 
knowledge acquired by CEL’s engineers in making these 
improvements also provides a sound base for such 
equipment to be designed and manufactured in gur 
country with substantial cost savings. Fifth, as the proc¬ 
ess is an integrated one, there is considerable interaction 
and interactive feedba'ck between one production step 
and atleast the immediately preceding and succeeding 
steps in the total process sequence. Continuous iteration 
is therefore needed, along the whole process sequence, 
to achieve the highest performance solar cells. Sixth, 
and very crucially, continuous in-process measurements 
and off-line specialized measurements are needed for 
both process optimization and control and for product 
quality control and assurance. The science-base is ever- 



Figure 18. CEL’s technology linkages. 


CURRENT SCffiNCE, VOL. 69, NO. 12, 25 DECEMBER 1995 










GENERAL ARTICLES 


present. Seventh, the whole process of technological 
advance is incremental and evolutionary in character i.e. 
relatively small improvements are being made all the time 
to improve process yield and product i.e. solar cell and 
module quality and performance. This has to be a con¬ 
tinuous drive undertaken endlessly. Eighth, as the tech¬ 
nology is continuously evolving in this way, the industrial 
work force operating the plant has to be extensively 
trained to do two things simultaneously: operate the plant 
on a disciplined basis with process and machine settings 
which have been specified as the ‘optimum’, at a particu¬ 
lar point of time. However, to be open, at the same time to 
^Pply modified settings as the R & D effort (which is go¬ 
ing on all the time) reveals the need for altered process 
parameters in order to achieve improved performance, 
whether of efficiency, yield or quality. This calls for 
flexibility of response and the collection, review of large 
amounts of data on a continuous basis. 

External linkages 

In the evolutionary development of technology described 
in the foregoing, the development process has been 
largely undertaken in-house by CEL’s SPV group. How¬ 
ever, there has also been close interaction and help from 
external agencies e.g. research laboratories, test houses 
and indigenous and foreign equipment manufacturers. 
This interaction is schematically shown in Figure 18. 

Conclusion 

The case of CEL’s experience demonstrates the impor¬ 
tance of entering an area of advanced technology at an 


early stage in the evolution of the technology and of the 
building up of indigenous capacity to convert science 
into technology and further, technology into industrial 
production capacity. 

It also clearly brings forth the importance of pilot and 
demonstration phases in proving the new technology and 
the capability to optimally mix process know-how, 
equipment engineering and plant engineering. 

As a result of sustained work over the last 15 years 
(1977-92), CEL has built up considerable capability 
in the SPV area of integrating science, technology 
and industry, rather than generating the scientific 
knowledge and then trying to bridge the gap to industrial 
application. 
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Mushrooms: Beauty, diversity, relevance 


C. V. Subramanian 

The literature on mushrooms is scattered, vast and rich. Current knowledge of mushrooms is es¬ 
sentially a synthesis of mushroom legends and myths, cults and folklore, re-inforced by mushroom 
biology and science. Mushrooms, indeed, are beautiful: beauty derives not merely from elegance 
and variety of form and colour, but structure and architecture superbly linked to function and 
life-style. Of ancient lineage, as decomposers, symbionts, and root-infecting pathogens, mush¬ 
rooms have evolved with plant life through the ages. They are thus a unique component of the bi¬ 
ota. Their diversity is a reflection of their lineage and their evolution. Mushrooms have merit, and 
meaning: species range from being delicious to edible to hallucinogenic to poisonous, even of 
potential value and use in medicine. Their enumeration, taxonomy, distribution, biology, chemis¬ 
try, cultivation and conservation, naturally, are of great relevance and will remain of perennial 
interest and fascination for us. 


The theme of this paper reflects man’s perennial fascina¬ 
tion for mushrooms from times immemorial. Mushrooms 
are of ancient lineage, omnipresent, remarkably beautiful 
and diverse in their form, in their interaction with other 
biota and in all that they do. The suddenness and im¬ 
mensity of their presence in the wake of thunder and 
lightning, and their transience and fleetingness had been 
known since antiquity imparting a sense of mystery about 
the mushroom in man: amazed, he holds the thunderbolt, 
the thunder God responsible! Legend apart, the observa¬ 
tion is in place. Impelled by curiosity, he notes that, of the 
many around him, some may be eaten and, with experi¬ 
ence, he soon finds that some can be poisonous and so 
cannot be eaten. It seems plausible he also knew how to 
distinguish the edible from the poisonous, an exercise in 
taxonomy that calls for reliability, absolute reliability, 
ensuring safety. He does not stop there: the mushroom 
must be domesticated, like plants, must be grown, culti¬ 
vated. Indeed, Dioscorides showed the way: the ancient 
method of sprinkling mushroom spores on to moist wood 
and waiting for the fruiting bodies to appear is apparently 
crude, but yet is the forerunner of modern methods of 
mushroom cultivation; it also marks the beginning of our 
insight into the biology of the mushroom. Experience with 
a diversity of mushrooms eventually leads to the recogni¬ 
tion, in some, of inebriant qualities which, in time, we 
see, are built into religious practices or cults in many 
parts of the world. The use of mushrooms by primitive 
peoples is now well documented and the rise of the sub¬ 
disciplines, ethnomycology and ethnopharmacology, and 
the corpus of data they present on the chemistry, metabo- 
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lism, and biological activity of hallucinogens and other 
bioactive compounds is clear evidence of the remarkable 
intuition and ingenuity of primitive man in discovering 
the true properties of these mushrooms. Indeed, legend, 
myth and science all now become part of a totality that 
heightens the meaning and fascination of mushrooms for 
man. 

One would imagine it was easy for early man to collect 
mushrooms in the wild to satisfy his needs. The practice 
of collecting mushrooms in the wild persists to this day in 
many parts of the world. Man’s early concern with the 
natural occurrence of his favourite mushrooms, the habi¬ 
tats where they occur, the periodicity or the seasonal 
character of their fruiting, their abundance, and so on, 
indeed, marks the beginnings of mushroom sociology or 
ecology. 

Mushroom biology 

The occurrence of mushrooms on such familiar substrates 
as wood, litter and soil, implies a role for them in these 
microhabitats. Forest litter and forest soils are often lit¬ 
erally permeated by fungal threads or tubes (collectively, 
the ‘mycelium’) often forming ‘rhizomorphs’, capable of 
free and extensive spread in litter and in soil. The distri¬ 
bution and development of ‘mycelial cord systems’ of 
decomposer mushrooms are often conspicuous in soil and 
in litter of deciduous woodlands. Many of these are what 
we may call true inhabitants of the soil though the routine 
soil dilution plate technique widely used by soil microbi¬ 
ologists to isolate fungi from soils may not reveal their 
presence in soil. These fungi may obtain food directly 
from the substrate which then serves as a food base for 
the mycelium of the fungus spreading radially therefrom. 
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They have the enzyme systems required to break down 
substrates, especially lignin, hemicellulose and cellulose 
which are the main components of litter and of wood in 
the forest floor. In fact, degradation of lignin and wood is 
primarily a function of the great fungal group, the 
Basidiomycotina, to which all mushrooms belong, besides 
the pore fungi or polypores (‘bracket fungi’) and a host of 
others, more modest only in their general appearance and 
profile. Collectively, then, they are key scavengers of so 
much of the organic material in forest floors and soils, of 
agricultural and other wastes, all of which must be re¬ 
cycled for the sustenance of the biota. In short, the 
basidiomycetes are a key component in re-cycling of nu¬ 
trients in many terrestrial ecosystems. Their biomass in 
forest soils and in forest litter is not easily quantified, but 
must be considerable. What is more, many mushroom 
species, and also other specific mycota, are symbionts of 
tree species, often obligately so, so that the symbionts in 
this remarkable partnership depend on each other for de¬ 
velopment and sustenance. That is a further indication of 
their relevance in forestry and afforestation programmes. 
Symbiosis leads to the development of mycorrhizas 
(literally, ‘fungus roots’) and there are innumerable such 
mycorrhizal associations ranging from the loosely specific 
to the not so specific. From the occurrence and character¬ 
istic distribution of their fruit bodies one might discern 
associations with particular tree species, reflecting a pos¬ 
sible mycorrhizal relationship. Mycorrhizal fungi mostly 
are species of genera such as Amanita, Boletus, Lactarius, 
Russula and Tricholoma. The well-known fly-agaric, 
Amanita muscaria forms mycorrhizae with Betula, Pinus 
and possibly with Carpinus. Production of fruit bodies by 
mycorrhizas depends upon supplies of host-assimilates, 
and on host genotype, age of the host tree, soil type and 
soil amendments, and on weather and climate. The di¬ 
versity of mycorrhizal fungi on a given tree species may 
increase with ageing of the tree species, so that there 
would be a succession of mycorrhizal associates on a 
given tree, a reflection of the low specificity of the mush¬ 
rooms involved in such succession. Some mushroom 
species such as Laccaria laccata, and species of Boletus 
and Tricholoma present a dual behaviour, being my¬ 
corrhizal symbionts or being saprotrophs capable of de¬ 
composing leaf litter. 

There is a succession also on dying and dead wood and 
other substrates. Some species in some genera preferen¬ 
tially colonize specific substrates: many wood-rotters be¬ 
long to the group, the Aphyllophorales. Those involved in 
the decomposition of leaf litter and non-woody litter 
largely belong to the genera Collybia, Clitocybe, Maras- 
mius and Mycena. 

The mycelium of some species in litter and wood shows 
bioluminiscence. In fact, the fruit bodies also are luminis- 
cent in some species, e.g. jack-o-lantern (Clitocybe illu- 
dens), the poisonous moonlight mushroom (Lamptero- 
myces japonicus). In the case of Mycena rorida v. lam- 
prospora the spores are luminous. 
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There are also mushroom species such as Armillaria 
mellea that infect living trees, especially root systems, 
and cause root disease. Root infection may also be due to 
polypores such as Pomes annosus. When the tree has 
been weakened, colonization by other mushroom species 
or by polypores and other basidiomycetes may follow. 
The mushroom group, the Marasmieae, especially the 
Marasmiineae, comprising species of genera such as 
Mycena, Crinipellis, etc. are common on tropical wood 
and litter, but some are pathogens. Crinipellis perniciosa 
is pernicious, being parasitic on cocoa trees (Theobroma 
cacao) and on T bicolor and the wild species, T. specio- 
sum: the fruit bodies are formed only on witches broom 
deformations of the diseased host. Originally known only 
in S. America, the disease now occurs wherever cocoa is 
grown, from Ecuador to the West Indies. Crinipellis per¬ 
niciosa is unique in having a distinct parasitic and a sap¬ 
rophytic phase. The parasitic mycelium in the tissues of 
the brooms is intercellular without clamp connections; the 
saprotrophic mycelium arises from the parasitic, follow¬ 
ing death of broom tissues and has clamp connections: it 
can then be isolated and grown on media. Marasmius vie- 
gasii causes a root rot of coffee in Brazil: rhizomorphs on 
roots of affected trees are conspicuous. Curiously, some 
mushroom species that are parasitic on trees such as, for 
example, Armillaria mellea, are also symbionts of large 
achlorophyllous orchids. Some achlorophyllous 
‘saprophytic’ angiosperms, including the Orchidaceae, 
obtain their carbon compounds through fungi that are 
parasitic or mycorrhizal on green plants. 

The life of the mushroom 

The life of the mushroom from the germination of the 
spore through development of a hyphal system to the pro¬ 
duction of the characteristic fruit body is a continuum 
punctuated by events of import. First, nutrients and water 
are transported from the vegetative mycelium which 
draws its nutrition from the substrate or from a host. The 
elongation of the stipe is a result of divisions as well as 
elongation of individual cells. The fruit body itself is 
short-lived, and is organized for the production and dis¬ 
semination of spores. The variations in colour, consis¬ 
tency, configuration, construction and dimensions of the 
fruit body, and the range in shape, colour and size of 
spores and other features all contribute to the diversity of 
mushrooms we see around us. The fruit body size of the 
most common mushrooms falls within a normal range, but 
some may be unusually small and others unusually large. 
The largest fruit body of a mushroom is perhaps that of 
Boletus colossus from the Malagasi Republic: it has a 
stipe 30 cm tall and 22 cm thick, and a pileus 60 cm wide 
and 4-6 cm thick, and weighs about 6 kg. Some bracket- 
fungi are many times larger and weigh much-more. 

Highly synchronized basidia are typical of the agarics 
and the polypores; in the latter the hymenium is protected 

987 


GENERAL ARTICLES 



Figure 2. Polypore on wood. Polypores are great decomposers of wood 
and play a major role in recycling of nutrients in the forest floor. 

by elaborate trimitic fruit bodies adapted to spore dis¬ 
charge under adverse conditions; in the former well- 
organized hymenia are formed on relatively fragile fruit 
bodies that can expand rapidly to discharge the spores 
during favourable environmental time-frames. The jelly- 
fungi (Tremellales) are unique in having relatively primi¬ 
tive hymenia, and in their ability to remain viable through 
time-frames of repeated wetting and drying. 

There have been many penetrating studies of the devel¬ 
opment of the fruit body itself and its morphogenesis, the 
relevance of which must be obvious to anyone interested 
in the induction of fruit bodies and increasing their pro¬ 
duction at will experimentally. Once dikaryotization is 
accomplished, the dikaryotic mycelium is virtually per¬ 
ennial and persistent and often long-lived, and can pro- 


Figure 4. Auricularia polytriclia, the Chinese wood-ear {mu erh) 
fungus. Edible, cultivated. Hong Kong is the principal exporter of this 
species. 

duce fruit bodies year after year, season after season. Ra¬ 
dial spread and fruiting often produce ‘fairy rings’, espe¬ 
cially noticeable in the case of Marasmius oreades and 
Chlorophyllum molybdites. Normally, dikaryotization is a 
pre-requisite for fruiting, but monokaryotic mycelia may 
produce fruit bodies under special conditions. Morpho¬ 
genesis begins with initiation and, following a pause, is 
consummated by sudden and rapid growth, expansion and 
maturation. The fruit body appears all on a sudden, and 
vanishes quickly too. Size and form of fruit body are 
closely related: smaller fruit bodies usually have slender 
stipes and larger ones stout stipes. The stipe serves to 
hold the pileus in position for release and dissemination 
of spores; it is held erect due to the turgor pressure of its 
cells. The positive role the pileus plays in the elongation 
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Figure 5. Termitomyces heimii. Tropical, associated with termite 
nests. Edible; collected in the wild and eaten. 


Figure 7. Chlorophyllum molybdites. Poisonous. Often forms fairy 
rings in lawns. 



Figure 6. Termitomyces. Associated with termite nests in the tropics. 

The stipe arises from subterranean termite nest. Edible. ^ 

Figure 8. Gymnopillus spectabilis. 


of the stipe first postulated by Schmitz in 1842, is now 
recognized and has been demonstrated experimentally, for 
example, in Agaricus bisporus, Coprinus radiatus and 
Flammulina velutipes: growth control resides in the 
pileus, specifically in the lamellae. 

The way in which the fruit body as a whole, and the 
configuration and arrangement of the gills and the basidia 
in the pileus, are functionally adapted to life in a habitat is 
remarkable. There is a regularity in gill development and 
gill spacing. The architecture is such that a basidiospore 
discharged violently falls freely without striking the adja¬ 
cent gill. 

How is this accomplished? As described by the great 
Buller, to whom we owe much of our knowledge of the 
biology of the mushroom, the spore trajectory is a spo- 


rabola: the horizontal flight is completed in a fraction of a 
second and is followed by a vertical fall that is gravita¬ 
tional and slow. The system of gills is such th'at, while 
they converge from the circumference of the pileus to¬ 
wards the stipe, they all cannot be of the same length as 
that would make them far apart towards the periphery, il‘ 
they are satisfactorily apart near the stipe. The solution to 
this situation is seen in the insertion of shorter gills be¬ 
tween longer ones. A spore fall rate of the order of about 
half-a-million a minute is common for a normal-sized 
mushroom. Naturally, a spore cloud is the result. By re¬ 
moving the cap from the stipe and placing the cap natu¬ 
rally oriented on, say a sheet of glass, one can have a 
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Figure 11. Pleurotus ostreatus. Edible, cultivated. 


Figure 9. The Monument to Lewie Carrol in Central Park, New York. 
The sequelae to nibbling the mushroom by Alice, described by Lewis, 
are well known. Lewis got the idea from the reference to hallucinogenic 
mushrooms in M. C. Cooke’s text-book on fungi. 


spore print on the glass in a matter of a few hours. The 
colour of spores is diagnostic. 


Edible mushrooms: Occurrence, diversity 


That many mushrooms are edible, and some are delicious, 
has been known, from ancient times. There are Roman 
mosaics depicting mushrooms. There is a range or diver¬ 
sity of mushrooms in the wild that are edible and, in 
countries where they are popular, where there are myco- 
philes, for example, in eastern Europe, collecting in the 
wild is common. The common wild species include Can- 


therellus cinnabarinus (Chanterells), C. ciharius, the bo- 
letes, Boletus edulis, Suillus luteus, S. granulatus, Lee- 
cinium aurantiacum, L. testaceoscabrum - and the 
Amanitas such as A. caesarea. Many of these are not eas¬ 
ily cultivated since they are mycorrhizal and fruit bodies 
are normally produced only in mycorrhizal association. It 
is then quite reasonable to speculate on the possibility of 
having, in afforestation programmes, tree species with 
mycorrhizal associates from among mushroom species 
that are edible. The introduction into France and Central 
Europe of the White Pine (Pinus strobus) from the United 
States in the middle of the last century is an example. The 
new French pine woods showed an abundance of fruit 
bodies of the delicious Suillus placidus: one cannot be 
certain if the fungus came with the pine from the US or 


Figure 12. Ganoderma lucidum (ling-chi in Chinese, linjue in Thai; also 
known as the Reishi mushroom). Cultivated extensively in China, Japan, 
Korea, Thailand. The World Reishi Mushroom Institute in New York and 
the Arunyik Mushroom Centre in Thailand are engaged in standardizing 
the quality of the mushroom and its medicinal properties and use. 


Figure 10. Coriolus versicolor is highly valued in Chinese medicine. 
Causes white rot in wood; sometimes a weak parasite, it forms my- 
corrhizas with Galeola foliata, an achlorophyllous liane. 
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was already present in French soil and now had the host 
of its choice to colonize. The introduction of the white 
pine, a blessing in this way, was otherwise, for quite an¬ 
other reason: its high susceptibility to white pine blister 
rust. However, one can cite other examples of tree intro¬ 
ductions with a high measure of success in providing the 
tree with an effective or suitable symbiont and, in the 
process; establishing a mycorrhizal relationship produc¬ 
tive of a crop of fruit bodies of a prized mushroom. Suc¬ 
cess in such a venture implies judicious choice of a 
mushroom that is edible, and knowledge of its taxonomy 
and biology, especially its behaviour in symbiosis and in 
fruiting. The diversity from which a choice can be made 
includes many species such as Tricholoma matsutakae, 
Amanita caesarea, Suillus granulatus, Boletus edulis, 
Leccinium aurantiacum, Lactarius deliciosus, Cantharel- 
lus cibarius and C. cinnabarinus. 

There are also many mushrooms that are primarily sap¬ 
rophytic and so can be grown in culture and cultivated to 
yield fruit bodies that can then be harvested. The button 
mushroom, Agaricus bisporus is the most popular, ac¬ 
counting for slightly over one half of the total of world 
mushroom production. ‘Speciality mushrooms’ such as 
Shiitake (Lentinus edodes), paddy straw mushroom 
(Volvariella volvacea), oyster mushroom (Pleurotus, es¬ 
pecially P. ostreatus: also P. eryngii, P. floridanus, P. 
sojor-caju, P. cystidiosus) and enokitake (Flammulina 
velutipes) are becoming increasingly popular. Shiitake 
which is the mushroom of choice in Japan, Korea and 
China, has a long tradition of cultivation; it is cultivated 
on wood, virtually on logs of wood cut from hardwood 
trees such as oak, chestnut, etc.-species of Quercus, 
Castanea, Carpinus, Alnus, Acer. Shiia stands for 
Pasania and the name Shiitake stems from the fact of its 
frequent occurrence on shiia and the fact that it can he 
cultivated on shiia wood. Shiitake occurs naturally as a 
saprophyte on wood of deciduous trees such as oak, 
chestnut and beech and on shiia in eastern Asia from 
China and Japan to Vietnam and Cambodia. Volvariella 
and Flammulina are sold fresh. The button mushroom and 
shiitake are sold both in the fresh and the dried forms. 

Auricularia polytricha, the ear fungus, and A. fusco- 
succinea - not strictly mushrooms, but both basidiomy- 
cetes - are quite popular in many parts of southeast Asia 
(China, Japan, Thailand, Taiwan and some islands in the 
Pacific): they are cultivated on logs of wood or sawdust. 
There are also several species, not yet intensively culti¬ 
vated but with potential such as Grifola frondosa, Hypsiz- 
igus marmoreus, Hericium erinaceum, Oudemansiella 
mucida, and several species of Termitomyces. Termitomy- 
ces, as the very name suggests, is associated with ter¬ 
mite nests in the tropics and is collected in the wild and 
eaten. 

The nutritive value of some of the quality mushrooms 
very nearly equals that of milk. Mushrooms contain high 
levels of amino acids such as lysine and leucine, carbohy¬ 
drates, vitamins, and unsaturated fatty acids, with a min- 
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eral content exceeding that in fish and meat, and twice 
that in most vegetables. 

Recent studies culminating in the discovery of thermo¬ 
stable components, cytotoxic substances, and antibiotics 
in mushrooms (see Subramanian, Curr. Sci., 1991, 60, 
290 for Steglich’s report of antibiotics in mushrooms) 
reinforces the need for caution in using raw mushrooms in 
the dietary, in salads, for example. The occurrence of 
toxic metabolites such as the thermolabile audiotoxic vol- 
vatoxin in the paddy straw mushroom Sind flammutoxin in 
enokitake call for a reassessment of the wisdom of their 
use as food. Hydrocyanic acid is produced in quantity by 
some species (e.g. Marasmius oreades, the fairy fungus), 
but from its volatility little of it would rernain after cook¬ 
ing. 

The genus Agaricus to which the common edible button 
mushroom (A. bisporus) belongs, comprises two groups 
of species, viz. (a) those turning somewhat yellow on 
bruising (Flavescentes) and (b) those staining red 
(Rubescentes). The yellow staining species such as the 
edible A. arvensis and A. bisporus are known to accumu¬ 
late considerable amounts of the heavy metals, cadmium 
and mercury. Other heavy metals known to accumulate in 
mushrooms include lead, caesium, iron, cobalt, copper, 
manganese, molybdenum, nickel, selenium, silver, stron¬ 
tium, thallium, uranium and zinc. Accumulation of cad¬ 
mium and selenium and other heavy metals in ’shiitake 
would render it unsafe for human consumption. 

The occurrence of the hydrazine derivative agaritine, 
and the diazonium derivative from it, in Agaricus, and the 
fact that the p-hydroxymethyl-phenyldiazonium ion and 
decomposition products of agaritine can be carcinogenic 
pinpoint the need for caution in the use of these mush¬ 
rooms. The agaritine content of fresh and processed culti¬ 
vated mushroom has been studied: the average agaritine 
content is around 0.088% based on fresh weight. We cer¬ 
tainly need more data on the agaritine content in mush¬ 
room species and their possible biological effects. 

The corpus of data on methods of cultivation, strain 
improvement, and biotechnology of mushroom production 
is enormous and cannot even be touched on here. 

Poisonous mushrooms: Syndromes, toxins 

Poisoning from eating mushrooms has been known since 
antiquity. As one would expect, there is a variety of syn¬ 
dromes, and a variety of mushrooms involved. 

The most deadly and the most notorious is the Death 
Cap, Amanita phalloides, presumably also the mushroom 
ingeniously used by Agrippina to do away with her hus¬ 
band, the Roman emperor, Claudius Caesar, in her bid to 
ensure succession to the throne by her son, Nero- 
ingenious in the sense that the essential properties of A. 
phalloides had been known to the Romans in advance of 
chemical studies of the toxins which came centuries later. 
Claudius, in fact, was poisoned with a dish of a mixture of 
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the edible A. caesarea (so named because Caesar was 
very fond of this mushroom!) and the deadly A. phalloi- 
des so that the poisoning itself went unsuspected. The 
Romans, then, knew the incubation period required by the 
poison to act, as arousal of suspicion had necessarily to be 
avoided in administering the poison to the Emperor. 
Knowledge, then, of the poisonous nature of mushrooms 
and of the precise symptoms of poisoning naturally pre¬ 
ceded critical chemical data on the toxins and the modus 
operandi of the toxins. As far back as 1759, the great 
German naturalist Jacob Christian Schaeffer (of Regens¬ 
burg: see Subramanian, Curr. Sci., 1991, 66, 289) under¬ 
lined the need for chemical studies of the fungi. In 
Germany, fungal chemistry flourished under the leader¬ 
ship of Zopf, Zellner and Kogl. And more recently, 
knowledge of the chemistry of the metabolites and toxins 
of poisonous mushrooms has been strengthened by the 
work of several scientists, notably Wieland and Faulstich. 

The most potent toxic substances in mushrooms are the 
cyclic tryptophan-containing oligopeptides that character¬ 
istically occur in species of the genus Amanita. The genus 
Amanita is unique in having species that are edible, some 
that are poisonous, and some that-are hallucinogenic. The 
Thalloides syndrome’ refers to poisoning by A. phalloi- 
des: it is characterized by a latent period of about 10 h (so 
that the victim remains unaware of the poisoning and, by 
the time he becomes aware, it may be too late to seek a 
remedy!) and a two-phase sequel in which gastro¬ 
intestinal disturbances (severe abdominal pain and colic, 
nausea, diarrhoea, vomiting) are followed by progressive 
liver dysfunction. Accelerated pulse, dehydration, cramps 
in the legs, and a lowering of blood pressure may accom¬ 
pany the primary symptoms. Two groups of bicyclic pep¬ 
tide toxins have been identified: (a) the amatoxins that are 
octapeptides with an indole (R)-sulphoxide bridge, and 
(b) the phallotoxins, that are heptapeptides with an in- 
dole-thio-ether bridge. Nine amatoxins and seven phallo- 
.toxins have so far been identified. Compared to the 
amatoxins, the toxicity of phallotoxins to liver cells is 
quite low. It is now generally agreed that phallotoxins are 
not involved in the syndrome; on the other hand, most of 
the effects are ascribed to amatoxins. The damage to the 
liver is primarily on nuclei of liver cells, specifically, in¬ 
hibition of RNA-polymerase B. Amatoxins are known to 
inhibit, RNA-polymerase B in all eucaryotes except ama- 
toxin-accumulating fungi and a few Drosophila species, 
some of which inhabit these fungi. Because of their spe¬ 
cific inhibition of RNA polymerase B, amatoxins have 
become an important tool in biochemical studies. About 
5-7 mg of amatoxin would be a lethal dose, depending on 
the body weight of the victim. Ingestion of the equivalent 
of 50 g of fresh weight of the fungus or a single fruit 
.body, tl]eh, can be fatal. 

Amatoxins occur in Amanita verna and A. virosa, be¬ 
sides A. all of which are myeorrhizal. Amafox- 

ins are also known to occur in several species of the genus 
Galerina which are deadly poisonous: G. marginata, 
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G. autumnaris, G. badipes, G. beinrothii, G. unicolor, G. 
venenata and G. sulciceps. G. marginata is common on 
deciduous wood, particularly on conifers. G. sulciceps is 
tropical and fatal cases of poisoning from this fungus 
were reported from Java in Indonesia many years ago. 
Poisoning from species of Lepiota several of which con¬ 
tain amatoxins and are deadly poisonous (e.g. L. helveola) 
represents another example of the Phalloides syndrome. 

Protein conjugates of amatoxins are ten times as toxic 
as natural amanitins and yet, the fact that these can be 
used for raising amatoxin-specific antibodies would now 
facilitate use of polyclonal antibodies for amanitin immu¬ 
noassays. A monoclonal antibody, then, could be a poten¬ 
tial antidote in the immunotherapy of human poisoning by 
the deadly Amanitas. 

A syndrome with a long latent period and a two-phase 
course similar to the Phalloides syndrome is often due, 
not to Amanita, nor even a true mushroom, but a species 
of a fungus belonging to the Ascomycotina. Gyromitra 
esculenta has long been considered edible, as the specific 
epithet itself suggests. But there have been many cases of 
poisoning in some parts of Europe: .the demonstration of 
the occurrence of a toxic substance, gyromitrin with high 
toxicity to the liver, confirms that the species is poison¬ 
ous. On the other hand, gyromitrin is not stable, and most 
poisonings are apparently from eating of raw or insuffi¬ 
ciently cooked fungus. In pure culture, even the mycelium 
has been shown to have the toxin. It is also likely that 
there are strains of the fungus that are not poisonous in 
some geographical regions in Europe, which perhaps 
serves to explain the conflicting reports about the edibility 
or otherwise of this fungus. 

Another syndrome which has an extended and long la¬ 
tent period and in which impairment of kidney function is 
the primary damage is from poisoning by species of the 
genus Cortinarius. Cortinarius orellanus is a European 
species and poisoning has been reported from several 
countries in Europe. The key poison has been identified 
as orellanin for which a bipyridial structure has been pro¬ 
posed; it has also been synthesized. It is a typical nephro- 
toxin. In acute cases, kidney damage has even precipitated 
the need for kidney transplants. 

A syndrome with intense bouts of perspiration coupled 
with salivation and lachrymation is characteristic of Ino- 
cybe poisoning. These effects are ascribed to muscarine 
which has been detected in several species of Inocybe, 
e.g.' /. patouillardii. Small amounts of muscarine are 
known to occur in a number of mushrooms, but normally, 
very large quantities of these would have to be ingested 
for them to be able to cause any poisoning. 

There are then mushrooms that are not poisonous and, 
are edible on their own, but known to produce toxic ef¬ 
fects when alcohoTis taken after eating them^ The com¬ 
mon ink cap, Cop'rinus atramentarius is o. good example. 
A sense of being hot’ and a metallic taste in the mouth 
accompany a reddening of the face, neck and'ctiest: there 
may also be a tingling sensation in thfc legs and the arms, 
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and palpitation. The active component, coprine, has been 
isolated. Coprine is an inhibitor of the enzyme, acetalde¬ 
hyde-dehydrogenase in the liver: it inhibits oxidation of 
the acetaldehyde formed during the metabolism of alcohol 
to acetate. The resulting heightened content of the alde¬ 
hyde in the blood shows up in the symptoms. The normal 
yield of coprine is about 160mgkg"^ of fresh fungus. 
Clitocybe clavipes is another mushroom species that is 
incompatible with alcohol. 

The most widely occurring syndrome from mushroom 
poisoning is the gastro-intestinal syndrome. According to 
one report 40% of all notified poisonings in Switzerland 
during a 40-year period were from gastro-intestinal cases. 
It should be noted, however, that the syndrome is hetero¬ 
geneous, being due not to a single toxic species. In gen¬ 
eral, irritation of the intestinal and gastric mucosae is 
typical. Several species are suspect in this category: Chlo- 
rophyllum molybdites, Hypholoma fasciculare, Megacol- 
lybia platyphylla, Tricholoma pardinum, and species of 
Hebeloma, Hygrocybe, Leucocoprinus, and Macrole- 
piota. Toxic principles have been identified or isolated in 
some species. Thus, Dermocybe sanguinea contains an- 
throquinones such as dermocybin and dermorubin which 
are considered responsible. The sesquiterpene, illudin S. 
(alunamycin, lampterol) is one of the toxic principles 
isolated from Omphalotus olearius, 0. subilludens and 
Lampteromyces japonicus. The pungency and bitter taste 
of species of Lactarius (Milk Caps) and of Russula 
(Brittle Gills) are well known. Pungency derives from 
sesquiterpenes, stearyvelutinal or necatorone. Some .at 
least of these species may be rendered edible by cooking, 
but those tasting bitter and pungent (e.g. Lactarius 
piperatus, Russula emetica) are best avoided. And yet, we 
must note that in many parts of eastern Europe Lactarius 
piperatus is considered edible. 

Poisoning is often due to ingestion of mushrooms, fresh 
and raw. These include, especially, the following: Ama¬ 
nita rubescens, A spissa, A. strobiliformis, A. vaginata, 
Armillaria mellea. Boletus erythropus, B, luridus, En- 
toloma clypeatum, Lepiota nebularis, Lepista nuda. Rus¬ 
sula olivacea. These need to be cooked before being 
eaten. Edibility even after cooking is questionable for 
some species such as Paxillus involutus and Sar- 
cosphaera crassa. 

Hallucinogenic mushrooms 

The fly-agaric 

The fly-agaric - Amanita muscaria - is a mushroom that 
has perennially arrested our attention by its beauty and its 
unmistakable identity. It is quite natural that it is popu¬ 
larly illustrated in many a children’s book. The fly-agaric 
is so called from its long-known property of repelling, 
flies, a property now known to be linked to a chemical, 
the isoxazole, ibotenic acid, first isolated from the mush- 
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room by Japanese scientists. The other properties of this 
mushroom, quite remarkable, in producing hallucinations 
on ingestion, have been known for a long time, for exam¬ 
ple, to the Koryaks and the Chuckchis in Siberia. Their 
use of this mushroom and the characteristic hallucino¬ 
genic effects which are part of the Siberian experience are 
remarkably well documented by travellers, historians and 
anthropologists: the accuracy of these accounts is 
matched by current knowledge of the chemistry of hallu¬ 
cinogenic substances in the mushroom, their metabolism 
in the human, and their effects, on the human nervous 
system. Wasson reviewed knowledge of the fly-agaric 
with precision and elegance and even forcefully argued 
the case for his belief that the fly-agaric is indeed the 
‘soma’ of the Vedas. The first bit of chemistry of the fly¬ 
agaric came from the pioneering work of Schmiedeberg 
and Koppe who isolated from it muscarine in 1869. Con¬ 
centrations of muscarine in the fungus are, however, low 
and so, for muscarine poisoning to take effect, one would 
need to ingest unusually large quantities of fruit bodies of 
the mushroom. Ingestion of the fly-agaric, nevertheless, 
produces a characteristic syndrome in which the primary 
effects are neurological. The effects have been well de¬ 
scribed by many, notably in the documentation of the use 
and effects of the fly-agaric by the Koryaks and the Chuk- 
chis in Siberia. From its unmistakable features, wide dis¬ 
tribution and abundance - being mycorrhizal, one may 
find it under pines, beech, and birch - it is one of the most 
widely used psychotropic mushrooms in many parts of the 
world, but especially in the USA. Symptoms include dis¬ 
turbances of vision, motor excitation, confusion that may 
be reflected in laughter, dancing, and singing, alteration 
in perception of personality, and of space and time, of 
colour, hallucinations, a feeling of illusion and even 
euphoria. Beginning within about 30 min following in¬ 
gestion, all is over in about three hours. In the Siberian 
experience, the Koryaks in their wisdom dry the fly-agaric 
and it is in the dried form that the mushroom seems most 
effective. The active principles that are responsible for the 
effects are now known: apart from ibotenic acid, already 
mentioned, two other derivatives, muscimol and musca- 
zone, have been discovered. Only ibotenic acid occurs as 
such in the fungus; the other two are secondary products 
that appear, for example, quite interestingly, when the 
fungus is dried. We must therefore assume that the 
heightened hallucinogenic properties of the mushroom in 
its dried form must be due to these secondary products. 
The predominant effect is inhibition of motor functions: 
muscimol is five to ten times more potent than ibotenic 
acid. Muscimol is stereochemically y-^roinobutyric acid 
(GABA) and so its effect on the nervous system stems, 
from stimulation of GABA-receptors of the cells of the 
central nervous system. A further point of interest is, be¬ 
sides ibotenic acid, muscimol too has insecticidal proper¬ 
ties. 
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Other Amanitas that produce somewhat similar effects 
on ingestion are: A, regalis, considered by some to be 
only a brown variety of the fly-agaric, and A. pantherina, 
and A. cothurnata, all of which are known to contain 
ibotenic acid and muscimol. 

The Psilocybes 

The use of the fly-agaric by Siberian tribes finds a parallel 
in the ritual use of small mushrooms of the genus Psilo- 
cybe in Mexico. In pre-Spanish Mexico, they have long 
been in use to induce visions and have been called 
‘teonanacatr, literally, ‘flesh of the Gods’. The human 
response to ritualistic administration of these hallucino¬ 
genic mushrooms by curanderos in Mexico is well de¬ 
scribed by Gordon Wasson from his own experience. To 
Aldous Huxley, the experience is: ‘a state of affairs in 
which verbalizing and conceptualizing are in some sort 
by-passed. One can talk about the experience - but always 
with the knowledge that “the rest is silence’”. The latent 
period is short (15 to 120 min). Alteration of perception 
of time and space, a sense of elation and joy - or bliss, or 
alternatively (for others) anxiety and depression have 
been reported. The finale is a deep unconsciousness. 
These effects are comparable to those due to LSD 
(lysergic acid diethylamide) and have been amply de¬ 
scribed. Little had been known about the Mexican mush¬ 
rooms until the ethnobotanical expeditions to Mexico by 
R. E. Schultes of Harvard University in the forties, and 
then followed, with the mushrooms which Schultes 
brought with him as the base, the pioneering and exciting 
studies of Gordon Wasson, mycologist Roger Heim of the 
Museum Gryptogamie in Paris, and Hoffman, biochemist 
with Sandoz in Basel on the ritual use, taxonomy and 
chemistry of these mushrooms, leading in essence to a 
remarkable synthesis of data. Roger Heim’s invaluable 
monograph of these fungi is not only encyclopaedic but 
authoritative. Guzman’s monograph on Psilocybe updates 
information. About 140 species of Psilocybe are known of 
which about 80 are hallucinogenic. 

The largest number of hallucinogenic species are from 
Mexico. P. aztecorum var. aztecorum is believed to be the 
species used by the Aztecs. The species most popular or 
common in current use include P. aztecorum var. azte¬ 
corum, P. zapotecorum, P. caerulescens var. caerules- 
cens, P. cubensis and P. mexicana, P. cubensis is 
coprophilous and comes up on cow dung: it is believed to 
have been introduced when the Spaniards brought in the 
cow from Africa. Several of the species can be grown in 
pure culture and can be cultivated. The active principle in 
several species is psilocybin, first isolated and character¬ 
ized from P. mexicana, and also synthesized, by Hof¬ 
mann. Psilocybin has the structure N, A-dimethyl-JT- 
phosphoryloxytryptamine. The resemblance in structure to 
lysergic acid serves to explain the .similarity in human, 
response to psilocybin and LSD, already mentioned. 
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In nature, the unstable but related psilocih often occurs 
in small amounts along with psilocybin. In some species 
such as P. baeocystis and P. semilanceata, two other 
substances, also hallucinogenic, are known to occur: 
baeocystin and nor-baeocystin. Primarily, Psilocybe hal¬ 
lucinogens act as serotonin-antagonists: therefore they are 
used in psychotherapy and neurophysiological research. 
Psilocybin is active in man in very low doses: 4 mg taken 
orally causes wild intoxication, but 6-20 mg can elicit 
marked psychotropic response. Overdose can be danger¬ 
ous in causing psychoses, leading to suicide mania. 

Mushrooms in medicine - bioactive products 

Apart from antibiotics, there are a number of substances 
that have been isolated from mushrooms and other 
basidiomycotina - substances that are variously labelled 
‘host defence potentiators’. (HDPS), ‘protein-bound poly¬ 
saccharides’ or ‘polysaccharide-protein complexes’ 
(PSPCs). The function of these is believed to lie in the 
toning up of defence mechanisms in the human system 
against a number of ailments. A great many of these are 
from polypores (Aphyllophorales) or oiher Basidiomy¬ 
cotina.-At least about sixty species are traditionally used 
in Chinese medicine. These include species of Gano- 
derma, besides Wolfiporia cocos, Polyporus mylittae, 
Fomitopsis officinalis, Coriolus versicolor. Pomes fomen- 
tarius and Bjerkandera fumosa' Tremella fuciformis 
(Basidiomycotina, Tremellales) and Coriolus versicolor 
(Aphyllophorales) are used in Chinese folk medicine for 
their nutritive and tonic properties in the treatment of 
debility and exhaustion. 

Ganoderma lucidum, ling-chi in Chinese folk medicine, 
is highly valued in China and in Japan for its medicinal 
properties and its ingredients, considered both a topic and 
a panacea for a variety of ailments neither specific nor 
specifiable. An almost magical effect on intelligence, en¬ 
hancing memory, and hearing, vision and smelling, has 
been attributed to this fungus. In practice, only the fruit 
bodies of G. lucidum and G. japonicum are used, the 
spores are discarded. During the past two decades there 
have been several studies on the chemistry of bioactive 
substances in ling-chi and the human response to these 
substances, but more specially their potential use in the 
control of a number of specific diseases such as cancer, 
diabetes and hepatitis. The spectrum of bioactive sub¬ 
stances in G. lucidum includes organic germanium, poly¬ 
saccharides (B-D-glucans), triterpenoids and adenosine. 

Host-mediated anti-tumour polysaccharides of G. lu¬ 
cidum have been patented as immunopotentiators in the 
treatment of cancer. Besides, G. lucidum, G. tsugae and 
G. boninense are included in Japanese and US patents. 
Also, over one hundred novel, highly oxygenated, lanosa- 
type triterpenoids have been reported from fruit-bodies 
and mycelium of G., lucidum: their chemical structure has 
been determined. These include: ganoderic acids, gan- 
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oderemic acids, ganodermic acids, ganoderal, lucidernic 
acids and lucidone and ganoderols. It is tempting to 
speculate if these diverse triterpenes could explain the 
multiple beneficial effects for which ling-chi is reputed. 

A freeze-dried powder containing mycelium of G. lu- 
cidum has been shown to bring down blood sugar levels 
in experimental diabetic rats. Three hypoglycaemic prin¬ 
ciples, ganoderans A, B and C have been isolated from 
fruit-bodes: these are characterized as peptidoglycans. Of 
these, ganoderan B is considered to be the major one. 

Extracts of the fungus have also been shown to be he- 
pato-protective: apart from liver regeneration, beneficial 
effects against hepatic necrosis and hepatitis have been 
noted. Ganodosterone from G. lucidum is a liver- 
protectant and stimulates liver function. Similarly, gan- 
oderic acids T, S and R, from the mycelium of the fungus 
are hepato-protective. Hepato-protective triterpenoids 
have also been isolated from G. tsugae: lucidone A, luci- 
denol, ganoderic acid B, and ganoderic acid C2. 

Ganoderma is cosmopolitan; some species cause seri¬ 
ous decay in wood; some are root-disease pathogens of a 
variety of plantation crops and are economically impor¬ 
tant. Some species have the ability to selectively degrade 
lignin and so are a potential source of lignin-degrading 
enzymes useful in the bioconversion of lignin in agricul¬ 
tural and other wastes. The new wave of interest in Gano¬ 
derma has prompted studies on taxonomy, distribution, and 
even speciation. The low nucleotide variation observed in 
the 25 S rDNA and the very high transition bias in the re¬ 
gion suggest that the genus is young and is still evolving. 

Lentinan from the edible mushroom, Lentinus edodes 
has been shown to have distinct anti-tumour properties 
and has also potential use in enhancing host resistance to 
a variety of infections, including HIV-1 or AIDS. Len¬ 
tinus edodes is remarkably effective in lowering levels of 
lipids in the blood: the hypolipidemic effects are due to a 
secondary metabolite identified as 2(R), 3(R)-dihydroxy- 
4-(I-adenyl)-butyric acid which has the trivial name erita- 
denine (=lentysine, lentinacin). A lowering of serum 
cholesterol levels in man has also been reported. 

Mushrooms: antiquity, speciation 

The oldest known fossil mushroom species is perhaps 
Coprinites dominicana described as trapped in amber 
about 40 Mya. Mushrooms are believed to have radiated 
in the Cretaceous about 130 Ma, after the great rise of the 
angiosperm land flora. Ectomycorrhizal fossil mushrooms 
date back to the same time. 

In the case of Pleurotus (the oyster mushroom) com¬ 
patibility tests have shown the existence of several dis¬ 
tinct intersterility groups (biological species). Recent 
work on speciation, from phylogenetic analysis of ribo- 
somal DNA sequences among these intersterility groups, 
indicates that several species lineages evolved quite early: 
species lineages of more recent origin appear to be re¬ 


stricted in distribution, viz. to the northern hemisphere. 
Older lineages, on the other hand, have a distribution 
world-wide. The explanation for this pattern of distribu¬ 
tion may well be that the old lineages were extant before 
the break-up of ‘continents’ from drift, and new lineages 
arose in the northern hemisphere following continental 
drift. On the other hand, one might also postulate disper¬ 
sal as the primary factor governing the current distribu¬ 
tion pattern. Whichever of these two postulates we accept, 
it is clear that older lineages have a wider distribution and 
more recent lineages have relatively narrower distribu¬ 
tion, some thing akin to Willis’s Age and Area hypothe¬ 
sis. Genetic divergence appears to be linked to allopatric 
speciation within populations from different continents in 
the northern hemisphere. 

This contribution is but a feeble attempt to capture and 
present for the reader something of the beauty, diversity, 
and relevance of mushrooms. The literature on the subject 
is enormous and an account like this cannot be anything 
but incomplete. The list of selected references appended 
here should, however, help the reader to delve deeper into 
the subject. And, it would give me great joy if what I have 
written and presented provokes curiosity, further probing 
into ‘mushroom science’ and, most important, evokes 
excitement, fascination and wonder. 
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Role of fluorescence microscopy in the assessment 
of Indian Gondwana coals 

Bhagwan D. Singh 

Birbal Sahni Institute of Palaeobotany, GPO Box 106, Lucknow 226 001, India 


W hen a light of short wavelength excites organic mat¬ 
ter, light of relatively longer wavelength is emitted from 
it and this phenomenon is known as autofluorescence. 
The coal maceral analysis under fluorescence mode 
(blue light/UV light excitation), therefore, has been 
found to be best suited to properly identify, characterize 
and quantify hydrogen-rich macerals. Utilizing this 
technique, macerals like bituminite, fluorinite and exsu- 
datinite were recognized for the first time. Certain 


other macerals - alginite and liptodetrinite, normally 
mistaken for mineral matter under routine petro¬ 
graphic analysis, were also identified. Fluorescence mi¬ 
croscopy, thus, not only added to the overall tally of 
liptinite group of macerals in Indian Gondwana coals, 
but also to their quantity. In addition to this, recogni¬ 
tion of fiuorescing vitrinite (perhydrous vitrinite) sig¬ 
nificantly contributed to the abundance of hydrogen- 
rich microconstituents for these coals. 


Fluorescence microscopic study of solid fossil fuels 
(coals/lignites) and kerogen (in sedimentary rocks) has 
been found quite successful particularly in identifica- 

Presented at ‘Contemporary Research Trends in Palaeobotany’ to 
commemorate The Palaeobotanical Society International Medal 
Award function, BSIP, Lucknow, January 12, 1993. 


tion, characterization and quantitative assessment of 
hydrogen-rich macerals, especially the liptinite (or ex- 
inite) group of macerals. It is a useful technique for de¬ 
termination of rank or maturity and even better suited in 
cases where vitrinite/huminite macerals are not in suffi¬ 
cient quantities or not suited for reflectivity measure- 
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merits, e.g. sapropelic coals, bog-head coals, oil shales, 
kerogen, etc. It affords a quantitative estimation of 
spectral fluorescence emission which is characteristic of 
both the individual maceral as well as rank/maturity and 
enables easy and reliable distinction of liptinites. 

The liptinite maceral group, which is chemically dis¬ 
tinguished from its two precedents - inertinites 
(relatively carbon-rich) and vitrinite (relatively oxygen- 
rich) by its relatively higher hydrogen content, is par¬ 
ticularly heterogeneous in its biological origin. Because 
it mixes organs (or fragments of organs) and plant or¬ 
ganisms: these are, on the one hand, spores-pollen 
grains (sporinite), cuticles (cutinite) and certain epider¬ 
mal tissues, plant secretions - resins (resinite), essential 
oils, etc. and, on the other hand, the immense class of 
algae (alginite). Certain other liptinite macerals origi¬ 
nate during coalification process, e.g. liptodetrinite, 
fluorinite, bituminite; derived from bacterial substances 
and decomposition products (Table 1), besides a secon¬ 
dary maceral - exsudatinite. Plants lipids, proteins, cel¬ 
lulose and other carbohydrates are characteristic source 
materials of liptinites \ 

Evidently, various liptinite macerals having different 
modes of occurrences and chemical properties behave 
differently under fluorescence mode and their fluores¬ 
cence characteristics are correlatable with rank stages. 
They are all characterized by a fluorescence which takes 
on various colouration according to their nature and 
their rank; the intensity of this fluorescence decreases 
with the increasing rank and disappears towards 1.0 to 
1.3% Ro max'"^’"^. Since the fluorescence property of or¬ 
ganic matter or maceral is the reflection of its overall 
chemical characteristics, the technique helps in under¬ 
standing the changing pattern of macerals through vari¬ 
ous coalification stages. 

Gondwana coals are normally rich in mineral mat- 
ter/ash contents. Also their liptinite contents recorded 
under normal reflected light‘is quite low (usually 1- 
15%). In fact, high inherent clastic minerals intimately 
associated with these macerals in the coals tend to mask 
them, at times completely, rendering their identification 
difficult or even impossible under normal incident light. 
Earlier, only macerals like sporinite, cutinite, suberinite 
and resinite were subnormally recorded, whereas lip¬ 
todetrinite, alginite, fluorinite, bituminite, etc. were 
normally mistaken for mineral matter. It is primarily 
because of this reason that mineral matter-rich Lower 
Gondwana (Permian) coals of India were and are still 
considered to be poor in liptinite contents. 

In the past few decades it has been realized that 
chemical properties of Permian coals, viz. carboniza¬ 
tion, swelling index, liquefaction, etc. do not correspond 
well with the biopetrological results under normal re¬ 
flected light. The explanation was not possible till the 
use of fluorescence microscopy came into routine serv¬ 
ice, by which hydrogen-rich macerals quantities show a 
manifold increase in the same coals. It is the intention of 


Table 1. Classification of coal maceral groups/macerals and their 
source material, (ref. 2, modified after ref. 1) 


Group 

Maceral 

Origin 


Telinite 

Cell walls (may be resin impregnated 
or lignified) rich in cellulose. 


Telocollinite 

Gelified plant tissues. 

Vitrinite 

Desmocollinite . 

Gelified humic detritus (amorphous). 


Vitrodetrinite 

Humic detritus. 


Corpocollinite 

Cell filling (oxidation/condensation 
products of tannins or biochemically 
gelified humic matter). 


Sporinite 

Spores and pollen exines of higher 
plants. 


Cutinite 

Outer layers of leaves, needles, 
shoots, thin stems of higher plants. 


Suberinite 

Suberinized cell walls (bark or cork 
cells). 


Resinite 

Resin, balsam, copal, latex, wax, oils 



and fats from higher land plants. 

Liptinite 

Fluorinite 

Essential oils of higher land plants. 

or 

Alginite 

Colonial and unicellular algae. 

Exinite 

Bituminite 

Anaerobic biodegraded products 
(amorphous microbial, algal and/or 
faunal remains). 


Chlorophyllinite 

Chlorophyll. 


Liptodetrinite 

Biodegraded or detrital liptinite 
macerals and/or phytoplanktons and 
algae. 


Exsudatinite 

Secondary exudates. 


Fusinite 

Cell walls (charred, oxidized or 
fungus-infested). 


Semifusinite 

Cell walls (partly charred, oxidized, 
or fungus-infested). 


Sclerotinite 

Fungal hyphae, mycelia, spores and 
sclerotia. 

Inertinite* 

Macrinite 

Amorphous gel (oxidized/rnicrobial 
metabolic products). 


Inertodetrinite 

Detritus of above inertinite macerals. 


Micrinite 

Secondary relics of - oil generation 



(mostly). 


*A small part of inertinite originates from melanin-rich plant and 
animal material - ‘primary inertinite’. A greater part attains its iner- 
tinitic properties during early coalification process - ‘rank iner¬ 
tinite’ . 

this communication to highlight the advantage of fluo¬ 
rescence microscopic method in evaluation of certain 
Lower Gondwana coal seams from Raniganj, Singrauli 
and Rajmahal fields of India. 

Materials and method 

In principle, irradiation or excitation with a light of 
short wavelength, routinely blue or ultra-violet light, on 
organic matter or maceral causes emission of fluores¬ 
cence colours and this phenomenon continues till stop¬ 
page of excitation -‘auto-fluorescence’. During auto¬ 
fluorescence, emitted colour and intensity changes with 
time and this dual change is known as ‘alteration effect’. 
Alteration of fluorescence colour and intensity are typi¬ 
cal of a particular organfc matter or maceral at a given 
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rank or maturity stage. Based on these criteria, various 
types of organic matter/macerals are identified and 
characterized. 

Maceral content was determined under blue light exci¬ 
tation (filter block H3:420-490 nm, violet-blue excita¬ 
tion) on Leitz MPV-3 unit using 150 W ultra high 
pressure xenon lamp (to initiate fluorescence) as source 
of illumination, 25x NPL Fluotar objective (oil) with a 
0.75 numerical aperture and fluorescence-free immer¬ 
sion oil. The reported results, based on 500-1000 point 
counts per sample, are expressed as volume per cent of 
the various fluorescing and non-fluorescing macerals on 
a mineral matter-free basis. 

A total of 192 particulate coal pellets prepared by 
cold embedding in epoxy resin were analysed by coal 
petrographic procedures. Some pertinent details about 
number and nature of samples, name of coal seams and 
their respective coalfields are given in Table 2. The coals 
range in rank between sub-bituminous A to high volatile 
bituminous C-A stages (Rq max. 0.40-0.88% in oil). 


Caution 

It must be mentioned here that in identifying organic 
matter/coal macerals in fluorescence mode, one should 
have proper morphological knowledge. There are some 
minerals, viz. calcite, siderite, fluorite, a variety of 
quartz, etc. which fluoresce and can be mistaken for 
resinite and cutinite macerals. Certain translucent min¬ 
erals, such as clay, because of internal reflec¬ 
tion/refraction appear green, yellowish-green to yellow 
colours giving a false impression of being resinite. Be¬ 
side this, embedding medium being a chemical sub¬ 
stance, does react with embedded coal particles 
producing yellowish-green - yellow to yellowish-orange 
colours and, thus may add to the tally of resinite. 

The quantitative evaluation of macerals under fluores¬ 
cence mode may tend to give an over estimate of fluo¬ 
rescing matter. This is because of the fact that some of 
the short wavelength light penetrates into underlying 
coal and, thus generates three-dimensional image of 
macerals below the polish surface of the grain mount. 
Therefore, quantitative estimation of macerals, espe¬ 
cially the liptinite macerals, in mineral matter-rich coal 
samples may represent over estimated results. However, 
in clean coals this factor may not apply at all. 

Characteristic features of fluorescing macerals 

Perhydrous vitrinite and all the macerals of liptinite 
group were the fluorescing macerals in the Lower 
Gondwana coals of the Raniganj, Singrauli and Rajma- 
hal coalfields. Corpocollinite and a fraction of telocol- 
linite macerals of vitrinite group and macerals of 
inertinite group were non-fluoiescing in these coals. 


Table 2. Details of coal samples studied from some Lower Gond¬ 
wana coalfields of India 


Late Permian - Raniganj Formation 

Raniganj Coalfield (Damodar Basin), West Bengal 

Three bore-hole sections from; 

Girmint block (bore-hole TAD GRT/0160/CM-009) 

Seam nos. (bottom to top): I, II, III bot., Ill top, IV, Bank- 
shimulia, V, VI, Century, VII, VIII bot., VIII 
top, Kusudanga, IX, XA and X (16 samples) 

Dhemo Main block (bore-hole DMM/0030/CM-006) 

Seam nos. (bottom to top): VA, V, VI bot., VI mid. VI top, 
VIIA, VII, VIII bot, VIII top, IX and X 

(11 samples) 

Shyamsunderpur block (bore-hole SS-5) 

Seam nos. (Bottom to top): IV, V, VI, VIIA, VII, VIII bot., 
VIII mid., VIII top and IX (9 samples) 

Singrauli Coalfield (Son Basin), Madhya Pradesh 
One bore-hole section of Jhingurdah seam from: 

Jhingurdah colliery (bore-hole NCSJ-4) 

Top seam (41 samples) 

Bottom seam (6 samples) (47 samples) 

Early Permian - Barakar Formation 

Singrauli Coalfield (Son Basin), Madhya Pradesh 

Five sections of Turra seam from: 

Kakri (10 samples), Bina (11 samples), Jayant (8 sam¬ 
ples), 

Gorbi (16 samples) collieries and bore-holes NCSM-3 

(Moher block-15 samples) and CMSA-111 

(block-B-7 samples) (67 samples) 

Chuperbhita Coalfield (Rajmahal Basin), Bihar 
One bore-hole section from: 

Chuperbhita basin (bore-hole RCH-3) 

Seam nos. (bottom to top): I (samples), II (9 samples), III 
(6 samples) IV (4 samples), V (3 samples), VI 
(3 samples), VII (3 samples) and VIII (9 sam- 
ples) 

(42 samples) 


Sporinite is derived from the outer cell walls of spores 
and pollen. It fluoresced with orangish-yellow, yel¬ 
lowish-orange, brownish-yellow to yellowish-brown 
colours in studied Gondwana coals. The sexinal part of 
the spores and pollen fluoresced with relatively brighter 
colour than the nexinal part bordering streaky slit- or 
thread-like lumen. Both tenui- and crassi-sporinites were 
present along with sporadic to common macrosporinite 
(Figures 12, 15). The microsporinite in coals was either 
sparsely distributed (Figures 3, 4) or was packed 
densely in thin to thick microbands (Figures 5, 8, 15, 
22), especially in dull coals. Densely packed sporinite 
as thick microbands were frequent in Singrauli^ and 
Rajmahal coals, where a part of dull bands evidently 
developed into semi-cannel or cannel coals. This is the 
first record of the presence of semi-cannel/ 
cannel coal bands in India. The sporinite-rich bands 
were usually poor in the inertinite macerals which oc¬ 
curred randomly as pieces and fragments (Figure 17). 

The Lower Gondwana coals commonly contained 
gymnospermous pollen-mass or pollen in sporangium 
with or without sporangial covering/wall in unreleased 
stage (Figures 6, 7). In normal light, such dark grey 
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Figures 1, 2, Granules of bituminite filled in cell lumens of vitrinite, Singrauli Coalfield (Figure 1 under normal mode); Figures 3, 
4. Fluorescing (perhydrous) vitrinite with degraded sporinite in Raniganj (3) and Singrauli (4) coals; Figure 5. Sporinite in fluoresc¬ 
ing vitrinite, Rajmahal Coalfield; Figures 6, 7. Sporinite (pollen mass) in Singrauli coals; Figure 8. Resin body with sporinite in 
Singrauli coals; Figure 9. Densely packed (degraded) sporinite in Singrauli coals; Figure 10. Pollen showing saccus structure 
(sporinite) in Singrauli coals; J’igure 11. Resin body with cracks in Singrauli coals; Figure 12. Megaspore lumen filled with resinous 
(?) matter in Rajmahal coals; Figure 13. Cell filling resinite in Singrauli coals; Figure 14. A band of resinite in Rajmahal coals; 
Figure 15. Cannel coal, macro-, microsporinite and cutinite in Singrauli coals; Figure 16. Highly degraded sporinite in Singrauli 
coals; Figure 17. Sporinite in inertinite band of Rajmahal coals; Figures 18, 19. Liptodetrinite in Rajmahal coals. (Figure 18 under 
normal mode); Figure 20. Cutinite showing cuticular ledges, Singrauli coals; Figure 21. Cutinite with fluorinite bodies in Singrauli 
coals; Figure 22. A band of fluorinite in Rajmahal coals; Figure 23. Alginite (Botryococcus) in Rajmahal coals; Figure 
24. Framboidal pyrite in Singrauli coals under normal mode. [All photomicrographs were taken on polished surface under incident 
blue light excitation (except nos. 1,18 and 24) using oil immersion] 


densely clustered sporinite was earlier misidentified 
either as calcite mineral or resinite maceral by others. 
The individual pollen of the pollen-mass are tightly 
packed together so that their outline is generally ob¬ 
scured but their lumen can invariably be recognized. 

During the investigation, it was observed that spor¬ 
inite showed wide variety of preservational stages from 
well-preserved to highly degraded and fragmented 
(Figures 9, 10, 16). During biodegradation the pollen 
appears to have disintegrated into smaller pieces by 
granulation and ultimately got reduced to fine granular 
mass of liptodetrinite. Mechanical breaking of pollen 
with or without biodegradation also led to liptodetrinite 
formation. Another form of sporinite degradation no¬ 
ticed was by in situ pyrite growth where pyrite crystals 
tended to grow inside the pollen saccus, rupture it by 
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blistering the saccus wall, thus facilitated further biode¬ 
gradation and mechanical breaking. 

Cutinite is derived from cuticles and cuticular layers 
which occur at the surface of leaves, twigs, and other 
areal parts of plants as a protection from dessication. It 
showed brownish-orange to orangish-brown colours 
with relatively weaker fluorescence intensity than the 
sporinite in these coals. Both tenui- and crassi-cutinites 
were observed generally in well-preserved state (Figures 
15, 20). Cutinite enclosing certain tissue structure, such 
as leaf sections, was normally associated with fluorinite 
which appear as irregular amorphous bodies of various 
dimensions (Figure 21). 

Fluorinite originates from essential oils and lipid-rich 
cell inclusions of various sources. It occurs as blobs or 
blotches, streak and lensoid bodies or as thin bands and 
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Table 3. Maceral composition (mean and range) and reflectance value of the coal seams from 

the studied fields of India 



Raniganj Coalfield 

Seams I-X 

Singrauli Coalfield Rajmahal Coalfield 

Jhingurdah Turra Seams I-VIII 

seam seam (Chuperbhita) 

Under normal incident light (volume %) 




Vitrinite 

59.90 

54.23 

37.58 

36.57 


41.4-77.0 

25.0-74.0 

3.6-76.0 

5.0-80.8 

Liptinite 

•5.24 

3.32 

5.66 

4.83 


1.0-11.0 

1.0-5.4 

1.0-13.6 

1.0-12.2 

Inertinite 

14.51 

21.98 

25.20 

36.22 


4.2-23.2 

11.2-26.6 

6.0-60.6 

8.0-72.0 

Mineral matter 

20.35 

20.47 

21.56 

22.38 


8.0-40.6 

10.4-25.2 

4.0-36.4 

3.6-49.4 

Ro max. (% in oil) 

0.56-0.88 

0.54-0.60 

0.43-0.60 

0.43-0.57 

Under blue light excitation (mineral matter-free %) 



Vitrinite 

49.08 

44.16 

29.03 

30.33 

(fluorescing) 

20.8-64.0 

19.0-57.0 

6.0-54.0 

2.0-80.2 

Liptinite 

20.98 

25.10 

32.13 

33.80 


14.3-27.4 

13.5-53.1 

14.5-57.4 

5.4-66.2 

Sporinite 

10.29 

15.12 

21.49 

24.28 


4.9-15.5 

7.2-39.7 

9.6-38.3 

2.0-58.0 

Resinite 

1.60 

0.83. ' 

1.08 

0.32 


0.4-3-.5 

0.0-2.9 

0.0-2.1 

0.0-3.2 

Other liptinites 

1.24 

1.07 

3.17 

0.18 


0.0-3.8 

0.2-3.1 

0.5-6.5 

0.0-2.6 

Liptodetrinite 

7.85 

8.08 

6.39 . 

9.02 


4.5-13.2 

3.8-15.7 

1.2-12.0 

1.6-20.0 

Vitrinite + inertinite 29.94 

30.74 

38.84 

35.87 

(non-fluorescing) 

19.2-64.9 

23.8-46.3 

24.0-59.2 

12.0-72.0 


having strong fluorescence intensity (of bright orangish- 
yellow to yellowish-orange fluorescence colours; Fig¬ 
ures 21, 22). Such fluorinite bodies can be easily mis¬ 
taken for resinite even in fluorescence mode, unless 
their rapid alteration is ascertained. Because of indefi¬ 
nite morphology, amorphous nature and characteristic 
colour (dark grey), the maceral fluorinite is unidentifi¬ 
able under normal light and is mistaken for voids or 
translucent minerals. 

Suberinite is derived from suberin layers of corkified 
cell walls, mainly in tree barks. Suberin is formed also 
at the surface of roots and fruits, acting as a protection 
against dessication. The maceral suberinite fluoresced 
with weak orangish-brown colour and was only sporadi¬ 
cally observed in these Gondwana coals. 

Alginite represented by Botryococcus was commonly 
observed occurring discretely or in clusters in well- 
preserved to highly degraded conditions. Well- 
preserved alginite was not observed in the Late Permian 
coal seams. It fluoresced more strongly (with orange 
colour) than other liptinites and showed rapid alteration. 
In degraded condition it was recognized by its character¬ 
istic fluorescence colour, intensity and relict morphol¬ 
ogy. Alginite appearing as dark grey and black coloured 
discrete globular or small lumpy bodies with granular 
texture under normal reflected light has been misidenti- 
fied as mineral lumps. Presence of Botryococcus in Sin- 
grauli (persistent^.) and Rajmahal (common) fields is the 
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first authentic record from the Palaeozoic coals (Figure 
23). It seems that these coals contain a fair amount of 
alginite, most of which was later degraded and incorpo¬ 
rated in perhydrous vitrinite. Contribution of alginite to 
humic coals in fair amounts has already been recognized 
by Stach et al.^ 

Resinite is derived not only from resins but also from 
balsams, latexes, fats and waxes. It is characterized by 
variable fluorescence intensity and colour than any other 
liptinite macerals in a given coal. It occurred as discrete 
oval, elliptical or elongated bodies with regular or ir¬ 
regular margins of various dimensions (usually small) in 
Gondwana coals (Figures 8, 11, 13, 14). Macerals such 
as collinite in telocollinite/desmocollinite as thin micro 
strips, streaks or stringers in bi- and trimaceral associa¬ 
tions have almost identical light to dark grey colours as 
that of resinite and cutinite under normal light. It is for 
this reason that there is a possibility of misidentification 
of certain vitrinite maceral as resinite. In addition to 
this, transluscent white or pale yellow clay blobs or 
blotches normally non-aligned with the surrounding 
macerals, as has already been mentioned, are likely to 
be mistaken as green or yellow resinites in fluorescence 
mode. 

In fact, green or yellowish-green resinites were not re¬ 
corded in these coals. Greenish-yellow resinite was rare 
and that fluoresced with yellow colour was sporadic as 
expected according to rank of these Gondwana coals. 
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Greenish-yellow to orange fluorescing resinites were 
generally translucent, whereas brown resinite appeared 
opaque. With increase in rank, it has been proved in Indian 
coals and lignites^ that resinite fluorescing with green, yel¬ 
lowish-green or greenish-yellow and yellow colours 
gradually become less common, being overtaken by orange 
and brown colours (including transitionary colours). 

Liptodetrinite is a common product of anaerobic mi¬ 
crobial degradation and disintegration of liptinite mac- 
erals, chiefly sporinite, possibly alginite and certain 
amount of cutinite in these coals. Participation of res¬ 
inite maceral in liptodetrinite formation was not recog¬ 
nized in studied coals. Because of its highly degraded 
nature and lack of morphology, the maceral is normally 
mistaken for mineral matter-rich patch under normal 
incident light (Figures 18, 19). Its recognition is rou¬ 
tinely possible under fluorescence*mode only. 

Bituminite is the product of anaerobic biodegradation 
formed in coals as a result of ‘bitumjnization’ during 
biochemical gelification stage between vitrinite Rq max. 
>0.40 to 0.50% (ref. 7). It is an amorphous (unstructured) 
maceral of liptinite group with brownish fluorescence col¬ 
our of weak intensity. This maceral is properly recognized 
only under fluorescence mode. Normally, the bituminite 
formed is pervasively impregnated in the pore spaces of 
vitrinite rendering it perhydrous in nature (Figures 1, 2). 
Therefore, most of the bituminite present in a coal is ac¬ 
counted for alongwith perhydrous vitrinite (imparting weak 
to moderately weak reddish-brown fluorescence colour) 
including desmocollinite groundmass. Sometimes granules 
of bituminite were observed packed densely inside the 
original cell lumens of vitrinite separated by non¬ 
fluorescing cell walls. Presence of alginite in studied 
coals indicate that significant amount of bituminite was 
generated by alginite as well. 

Exsudatinite originates as fluid substances expelled 
from lipid-rich parent material (in vitrinite, fluorinite, 
resinite, etc.) during 1st coalification jump. Appearing 
as migrated bitumen, in coals it fills open cleats, fissures 
and pores. The formation of exsudatinite is often asso¬ 
ciated with oil expulsions in the form of smear films and 
as droplets exuding/oozing from cleats in vitrinite. 
These oily exudates are not considered as maceral by 
Teichmiillerl In studied coals, exsudatinite and surface 
films were only sporadic in occurrence and fluoresced with 
weaker intensity than sporinite and some of the cutinites in 
orangish-brown or brownish-orange colours. In low rank 
coals, exsudatinite and oily droplets appear brown or dark 
grey in colour under normal light, whereas the smear films 
often show rainbow colour bands. This secondary maceral 
is properly recognized only under fluorescence mode. 

Biopetrographic composition of coals 

The coal seams of Barakar Formation from Rajmahal 
and Singrauli fields are normally rich in inertinite (6.0- 
72.0%) and the vitrinite ranges between 3.6 to 80.8%. 
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The Raniganj coal seams (from Singrauli and Raniganj 
fields), on the contrary, contain high vitrinite (25.0- 
77.0%) and relatively low inertinite (4.2-26.6%). These 
Gondwana coals are characterized by persistently low 
(1.0-13.6%) and randomly distributed liptinite contents 
(Table 3). Associated minerals are usually fine black 
granular argillaceous matter, besides siderite, calcite 
and pyrite minerals, commonly found dispersed and in¬ 
timately associated with organic constituents. 

Under blue light excitation, the coals of both Barakar 
and Raniganj Formations were found to contain appre¬ 
ciably high amounts of liptinite macerals (7.0-66.2%) 
and perhydrous vitrinite (6.0-80.2%). However, the coal 
seams of the Barakar Formation are characterized by 
higher proportions of liptinite macerals, especially the 
sporinite (4.9-58.0%) than the coal seams of the Rani¬ 
ganj Formation (4.8-39.7%), whereas the coal seams of 
the latter formation have higher proportion of perhy¬ 
drous vitrinite (19.0-64.0%) than those of the former 
(2.0-80.2%). The liptinite macerals in these coals are 
formed chiefly by sporinite (4.8-58.0%) and liptode¬ 
trinite (1.2-20.0%). Cutinite, suberinite, resinite, exsu¬ 
datinite and fluorinite are other liptinite macerals 
together occurring in only subordinate amounts. Maceral 
bituminite being associated with perhydrous vitrinite 
and liptodetrinite was not recorded separately. Presence 
of maceral alginite was commonly recorded (up to 
0.8%) in the Barakar coal seams. 

It must be mentioned here that Chakrabarti^, Chaud- 
huri and Ghose^°, and Saxena et al}^ carried out fluo¬ 
rescence microscopy of certain Indian Gondwana coals. 
However, their petrographic data in certain specific as¬ 
pects do not correspond well with those obtained pres¬ 
ently. Therefore, it has been deemed necessary to 
explain the reasons of the discrepancies between the two 
data sets. 

Chakrabarti^ has evaluated representative coal sam- 
pies (seams) from various Gondwana fields and re¬ 
marked that ‘higher-volatile bituminous coals (VM 
>40%) with reflectance values varying from 0.45-0.65% 
do not show any fluorescence property in primary 
structured constituents like vitrinite and fusinite’. Ab¬ 
sence of fluorescing (perhydrous) vitrinite in this rank 
range is surprising, even coals having abundant lipt- 
inites. However, desmocollinite and a fraction of telo- 
collinite (of vitrinite group) were presently found to be 
fluorescing with dull reddish-brown to dark brown col¬ 
ours, although with weak intensity. 

The bituminite recorded by Chaudhuri and Ghose^ 
(Figure 7) does not conform to its characteristic mor¬ 
phology. It is more like a resinite, whereas ‘greenish- 
yellow’ colour of the associated exsudatinite (in same 
figure) is rather surprising for high volatile bituminous 
coal rank. They also recorded crack-filling fluorinite. 
Actually it is not a crack-filling maceral. As is clear 
from their figure (8a, p. 248) it is an embedding medium 
between two coal particles and a crack in one of them. 
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Saxena et al}^ carried out analysis of Raniganj coal 
seams (R-I - R-X) from the Raniganj field. They have 
not, however, provided information about the location 
and sequence of samples, lateral representation of coal 
seams and fate of split seams, besides coal quality and 
rank. Therefore, generalization made on the coal seams 
(for the coalfield) by them is unacceptable. Absence of 
cutinite under blue light excitation (Table 2, p. 61), but 
their presence in certain seams under normal light 
(Table 4, pp. 66, 67) is surprising. More than 5-10% 
(m.m.f) of resinite and 65 to above 69% (m.m.f.) of 
perhydrous vitrinite contents reported by Saxena et al}^ 
(Table 2) is also abnormally high. Such high quantities 
of perhydrous vitrinite is not recorded even in Tertiary 
coals of Assam which are best suited for liquefaction^^. 
High resinite content (5-10%) in coal seams R-II, R-III, 
R-VII to X recorded by Saxena et al}^ is because of 
wrong identification of macerals collinite, desmocol- 
linite, corpocollinite and sporinite and calcite, siderite 
and a certain fraction of clay minerals as resinite. The 
following are some examples from the illustrations of 
Saxena et al}^ to support my contention: 

(1) Plate 1, Figures 1, 2, 4, 5: the resinite (R) shown 
are collinite-filled lumens of telocollinite. 

(2) Plate 3, Figure 2: resin (R) fillings and bitumen (B) 
shown are sporinite and calcite respectively. Figure 
4: is not resin fillings in irregular spaces but spor¬ 
inite in desmocollinite. 

(3) Plate 4, Figures 1, 2, 6: are not resinite (R) but 
anisotropic siderite whose dark grey portions were 
identified as resinite. Refer siderite concretion in 
Plate 5, Figure 1, Figures 3, 4: are not resinite but 
corpocollinite and desmocollinite (in trimacerite) 
respectively. Figure 5: is calcite not resin (R) con¬ 
tent filled in elliptical shape. 

(4) Plate 5, Figure 3: is a pollen-mass (sporinite) not 
resin (R) fillings along the cracks. Note sporinite 
lumens are clearly discernible. 

(5) Plate 6, Figures 2,3: illustrate green resinite (GR) 
which, in fact, are voids of fusinite lumen filled 
with embedding medium. Green to orange resinites 
do not fluoresce with such weak intensity. Figure 4: 
is not yellow resinite (YR) but oily droplets 
(exsudatinite) oozing out from a crack in vitrinite. 
Figure 5: illustrates two identical patches one 
(arrow pointing orange colour thread-like structures 
which is, in fact, lumen) recognized as sporinite (S) 
and the other (arrow pointing coalesced sporinite 
walls) as yellow reactive resin (YR)/hydrocarbon. 
In fact, both of them are pollen-mass (sporinite). 
Sporinite wall can never become resinite. Figure 6: 
is not green reactive resinite (GR) filled in fusinite 
lumen. Instead it is either embedding medium 
(epoxy) or fine clastic mineral with internal reflec¬ 
tion. Such examples are frequently observed in 
Permian coals. Figure 8: is more like exsudatinite 


(mark the morphology and nature of encroachment 
on the associated macerals) rather than yellow to 
orange colour reactive resin (YR) filled along 
vitrite cracks. Figure 9: is not a lath-shaped resinite 
(R) body but a blob of clay mineral showing its 
characteristic internal striations. The body is not in 
alignment with the surrounding sporinites, which 
clearly indicates it to be a secondary matter. Figure 
10: shows yellow resinite (YR) filled in sporinite. 
In fact, if properly focussed it will reveal 3-4 
sporinites compressed together. 

No resinite (resin) as that shown in black and white 
photographs (Plates 1, 3-5) have been illustrated under 
fluorescence mode. Calcite is a weakly fluorescing min¬ 
eral and can be mistaken as resinite. Absence of corpo¬ 
collinite, cutinite and calcite and low amount of siderite 
recorded clearly explain the reasons for high amount of 
resinite erroneously recorded by Saxena et al}^ in the 
Raniganj coal seams of the Raniganj field. 

Conclusions 

Utilizing the fluorescence technique, macerals like lip- 
todetrinite, bituminite, exsudatinite, alginite and fluor- 
inite, in addition to fluorescing or perhydrous vitrinite, 
have been recognized for the first time in Indian Lower 
Gondwana (Permian) coals of the Raniganj, Singrauli 
and Rajmahal fields. Thus, these not only add to the 
number of liptinite macerals but also to their quantity 
(2-4 times or even more than recorded in normal inci¬ 
dent light). This positively indicates that the earlier 
Tiptinite-poor’ concept for Indian Gondwana coals is no 
longer tenable. High concentration of especially spor¬ 
inite in some coal bands of Singrauli and Rajmahal 
fields make them of cannel/semi-cannel coals types. 
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Reduced uptake of (^H) thymidine by 
PHA-responsive human peripheral 
blood lymphocytes as a function of 
storage 
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Centre of Advanced Study in Zoology, Banaras Hindu University, 
Varanasi 221 005, India 

Present address: Brixham Environmental Laboratory, ZENECA 
Limited, Brixham, Devon TQ5 8BA, UK. 

Phytohaemagglutinin (PHA)-responsive lymphocytes 
from human peripheral blood samples, dther irradi¬ 
ated or unirradiated, showed a reduced frequency of 
(^H) thymidine-labelled cells (detected by autora¬ 
diography) as a function of storage duration. The 
study indicated that storage of blood samples could 
lead* to a delay in the initiation of cell cycle progres¬ 
sion and may impart additional source of variability 
when these cells are used for experimental or clinical 
purposes. 

Peripheral blood lymphocytes (PEL) of human are 
widely used for clinical and experimental purposes. One 
of the most widespread uses of PEL is in environmental 
mutagenesis studies. In such studies, these non-dividing 
cells are stimulated to divide by mitogens such as phy¬ 
tohaemagglutinin (PHA), under in vitro conditions, in 
order to analyse chromosomal aberrations (CAs) and 
sister chromatid exchanges (SCEs) from individuals oc¬ 
cupationally or accidentally exposed to mutagenic 
agents. In such studies, CAs and SCEs are analysed re¬ 
spectively from cells which have divided once (first di¬ 
vision or Ml cells) or twice (second division or M2 
cells) in culture following PHA-stimulation^ It is well 
known that under in vitro conditions, a large number of 
factors influence the cell cycle kinetics of these cells. It 
is essential to recognize and take into account such fac¬ 
tors when biological dosimetry and genetic risk evalua¬ 
tion are made. In this context, it is not always possible 
to use the blood samples immediately after their collec¬ 
tion. A delay, therefore, is inevitable between collection 
of blood samples and setting up of the cultures espe¬ 
cially when they are to be transported from distant 
places. Only a few reports are available on the effect of 
storage duration on cell cycle progression of these PHA- 
responsive cells. 

Introduction of fluorescence plus Giemsa (FPG) 
staining technique^ has facilitated the identification of 
cells which have-divided once or more^. This technique 
as a prerequisite requires thymidine analogue, 5- 
bromodeoxyuridine (ErdU), ^when cells are grown in 
cultures. Using this technique, increased proportion of 
Ml cells and subsequent reduction in the frequency of 
other division cells was shown from the cultures of 
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Stored blood samples compared to fresh ones which 
were irradiated prior to setting up the cultures'^. In an¬ 
other study on unirradiated blood samples, an increase 
in the proportion of Ml cells was also noticed as a 
function of storage jduration^. It was suggested that when 
stored blood samples are used for cultures either there is 
a delay in cell cycle progression"^’^ or a failure in the 
differential uptake of Giemsa stain by the chromosomes 
of M2 and subsequent division of cells, leading to misi- 
dentification of M2(+) cells as Ml cells^. It was also 
recommended that when blood samples are stored for a 
day or more, increased amount of ErdU should be added 
in the cultures for proper differential staining of the 
chromatids^. We, however, found that PHA-responsive 
lymphocytes, either irradiated or unirradiated, show in¬ 
creased frequency of Ml cells as a function of storage 
duration. Increasing ErdU concentrations slowed down 
the cell cycle progression and its higher concentration 
was not required to elicit proper sister chromatid differ¬ 
ential stairfing when cultures were set up from stored 
blood samples^. The study therefore suggested that stor¬ 
age condition delays the cell cycle progression of these 
PHA-responsive cells. 

In order to check if there is any change in the pro¬ 
gramme commitment of these cells for the initiation of 
proliferation due to storage condition which could be 
responsible for increased proportion of Ml cells, in the 
present study, an attempt was made to analyse (^H) 
thymidine uptake by these cells (as a function of storage 
duration) following mitogen stimulation. Autora¬ 
diographic technique was used to analyse (^H) thymi¬ 
dine uptake by lymphocytes from both unirradiated and 
irradiated blood samples to corroborate our earlier cyto¬ 
genetic findings^. Needless to say, this sensitive tech-* 
nique is being widely used in regulatory and scientific 
studies to identify mutagenic hazard by measuring un¬ 
scheduled DNA synthesis (UDS). In these studies, radio¬ 
labelling is determined by counting the number of silver 
grains which develop over the cells^’®. 

Elood samples were collected from two healthy do¬ 
nors using heparnised syringes. Each sample was di¬ 
vided into three equal parts as per storage requirement 
(0, 1 and 3 days). The fresh blood samples were irradi¬ 
ated with a dose of 2 Gy of X-ray (110 kV 4 mA, 
@1 Gy min"^ at 37°C). Irradiation was performed within 
2 h of collection under aseptic conditions at normal at¬ 
mospheric pressure in 25 ml glass beakers (in the pres¬ 
ence of atmospheric oxygen). After 2 h incubation at 
37°C, the irradiated blood samples were used for cul¬ 
ture. Other two parts of the sample were stored at room 
temperature (22 ± 2°C) in a biochemical oxygen demand 
(EOD) incubator and used for cultures after 24 and 72 h 
(1 and 3 days) respectively. Unirradiated blood samples 
from both the donors were also used parallel to the ir¬ 
radiated blood samples. Cultures were initiated by add¬ 
ing 0.30 ml of irradiated or unirradiated blood in 5 ml of 
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Figure 1. Experimental protocol to study the effect of storage dura¬ 
tion on (’H) thymidine uptake by phytohaemagglutinin (PHA)- 
responsive peripheral blood lymphocytes (PEL). 


Eagles minimum essential medium, supplemented with 
antibiotics, 20% heat-inactivated human AB"^ serum and 
0.15 ml of PHA (HA 15 Wellcome Reagent Ltd, UK), as 
described elsewhere in detail®. The experimental proto¬ 
col has been summarized in Figure 1. 

As a pilot autoradiographic study, to check the origin 
time of incorporation of (^H) thymidine in- our culture 
conditions, 12 cultures (in duplicate) were set up from 
freshly collected blood sample. A 30 min ( H) thymidine 
pulse (2p,Cimr‘; specific activity 6CiMm"'; BARC, 
India) was given to these cultures at hourly intervals 
beginning from 12 h of PHA stimulation up to 24 h. The 
cells were then fixed in methanokacetic acid (3:1) fol¬ 
lowed by very brief washing (2 min) with cold hypo¬ 
tonic (0.56% KCl). Air-dried slides were prepared and 
processed for autoradiography. The slides were treated 
with 10% chilled trichloroacetic acid for 5 min, rinsed 
twice in ethanol and kept under running water for 
10 min. After coating with 1:1 dilution of Ilford L4 nu¬ 
clear emulsion in safe light, the slides were left for ex¬ 
posure in light proof boxes at 4°C for 20 days. The 
slides were developed in Kodak D 19b developer for 
10 min at 10°C and fixed in acid fixer. After drying, 
they were stained lightly in 2% Giemsa stain and ob¬ 
served under light microscope for the frequency of la¬ 
belled nuclei. It was found that grains start appearing in 
cultures 20 h after the PHA stimulation, indicating that 
initiation of DNA synthesis starts after about 20 h of 
PHA -stimulation in normal lymphocyte cultures. 


Table 1. ANOVA for per cent (^H) thymidine-labelled cells from 
cultures of unirradiated and irradiated blood samples of different 
individuals after varying hours of PHA stimulation. The cultures 
were set up on the same day of blood collection or after 1 and 3 days 
of storage. 


Source of * Degree of 

variation freedom 

Sum of 
squares 

Mean of 
square 

Variance 

ratio 

Probability 

< 

Individual 

1 

13.67 

13.67 

3.31 

ns 

Irradiation 

1 

51.86 

51.86 

12.56 

0.005 

Hours after PHA 

6 

6762.47 

1127.08 

272.90 

0.005 

stimulation 






Storage day 

2 

268.67 

134.34 

32.53 

0.005 

Irradiation x hour 

6 

31.01 

5.17 

1.25 

ns 

Storage day x hour 

12 

201.53 

16.79 

4.06 

ns 

Error 

41 

169.33 

4.13 




ns ^ not significant. 


Therefore, in the subsequent experiments, cultures from 
both unirradiated and irradiated blood samples after 0, 1 
and 3 days of storage were given a 30 min (^H) 
thymidine pulse at 2 h interval in the same way as men¬ 
tioned above between 18 and 32 h of PHA stimulation. 
Eight sets of cultures (in duplicate) for 18-32 h post- 
PHA-stimulation period, for both irradiated and unirra¬ 
diated conditions for each storage time and each indi¬ 
vidual were set up (Figure 1). Slides were prepared, 
processed for autoradiography as mentioned above, and 
observed for frequency of labelled nuclei. At least 200 
nuclei were scored for each point. Percentage of la¬ 
belled nuclei was statistically analysed using two-way 
analysis of variance (ANOVA), as it was considered to 
be the most appropriate method to check the influence 
of storage duration on the (^H) thymidine incorporation 
in the unirradiated and irradiated blood samples used 
from two different individuals. 

The ANOVA for (^H) thymidine-labelled cells in both 
unirradiated and irradiated samples from two different 
individuals at different hours of pulse treatment is sum¬ 
marized in Table 1. The two individuals did not show 
any significant difference for the yield of labelled cells 
(Figure 2). The results showed that the irradiated sam¬ 
ples have significantly less frequency of labelled cells 
compared to unirradiated ones, in relation to storage 
duration and advancing hours after PHA-stimulation 
(Figure 2; Table 1). With the increasing storage dura¬ 
tion, independent of advancing hours of pulse treatment, 
a trend of gradual decrease in the frequency of labelled 
cells compared to fresh blood samples was also noticed 
in both unirradiated and irradiated conditions (Figure 2). 
This difference was found to be significant (Table 1). 

Using liquid scintillating analysis, it has been shown 
that (^H) thymidine incorporation into cellular DNA 
starts only 16-20 h after PHA-stimulation, and the (^H) 
thymidine incorporation and activity of DNA po¬ 
lymerase increase linearly as a function of time up to 
30 h trefs. 9, 10). This is in broad agreement with the 
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Figure 2. Frequency of (^H) thyraidine-lafaelled lymphocytes in 
fresh, one day or three day stored unirradiated (a) and irradiated {b) 
blood samples after various hours of PHA stimulation. ■ 


present autoradiographic study where no significant 
cellular uptake of (^H) thymidine* was observed up to 
18 h and then it increased linearly from 20 to 30 h irre¬ 
spective of storage duration and radiation dose. The 
pattern for cellular uptake of exogenous deoxyribonu- 
cleoside triphosphates (dNTPs) differs in different syn¬ 
chronously or asynchronously dividing cell types and 
their ievdjs inside the cells are regulated by many fac¬ 
tors^ ^ Although in the present study, the statistical 
analysis (ANOVA) did not show any significant inter¬ 
individual variation for the frequency of (^H) thymidine- 
labelled cells, such an inter-individual differences for 
t;he response of lymphocytes towards PHA has been a 
well-documented phenomenon^. Significant inter- 
individual variation for the yield of (^H) thymidine- 
labelled cells has also been observed when peripheral 
blood samples from six individuals were labelled be¬ 
tween 28 and 34 h following PHA-stimulation^^. It is 
therefore likely that independent of the influence of 
storage condition and radiation treatment, an inter¬ 
individual variation would have been observed, if blood 
samples from more individuals were used in the present 


study. It will be worth mentioning that in cytogenetic 
assays using peripheral blood lymphocytes (e.g. micro- 
nucleus ass.ay), more variation among the individuals 
than among repeated experiments on the same individual 
has been reported^^. While such inter-individual and 
flask-to-flask variability for cultured mammalian cells 
exist, it has been suggested that it has no practical effect 
on the test outcome^"^. 

The variability in the (^H) thymidine uptake as a 
function of storage duration clearly indicates that pro¬ 
grammed commitment of cells for the onset of DNA 
synthesis is altered. This altered commitment for prolif¬ 
eration in turn would influence the cell cycle progres¬ 
sion and therefore arrival of the cells at the metaphase 
stage as observed in our earlier cytogenetic* study^. A 
delay in progression from G1 to S, S to G2 or G2 to M 
phases of the cell cycle may account for an over ail ef¬ 
fect on cytogenetic dosimetric analysis. In case of X- 
ray-irradiated lymphocytes, a low dose as 2 cGy has 
been shown to induce significant variations in cell cycle 
progression and arrival of the cells at the metaphases^^. 
It will be important to mention that there is accumulat¬ 
ing evidence indicating that cellular and genetic insta¬ 
bility can manifest multiple generations after exposure 
of cells to agents which either directly or indirectly in¬ 
teract with DNA^^. It is therefore also possible that the 
cells might be proportionately delayed in the subsequent 
cell cycle in the present study. Since the objective of the 
study was to check whether the appearance of first divi¬ 
sion metaphases following PHA stimulation as a func¬ 
tion of storage is really due to change in the 
programmed commitment of cells for initiation of pro¬ 
liferation, the cells were fixed at 32 h post-PHA stimu¬ 
lation time. At this time, the first set of metaphases are 
likely to appear when the cells are processed for chro¬ 
mosomal analysis. With the present experimental ap¬ 
proach, it was therefore not possible to verify if there 
was any delay in the subsequent cell cycle as a function 
of storage duration. 

Since the complexities of cellular growth and division 
are not precisely clear and products of thousands of 
genes are required for the normal growth and reproduc¬ 
tion of cells^^, it is difficult to assign any specific reason 
for the delay in cell cycle progression as a function of 
storage duration. It has been reported that lyniphocytes 
from both pig and human proliferate more slowly in 
plasma lymphocyte culture than in parallel whole blood 
culture^^. Isolated mononuclear leucocytes also exhibit a 
slower cell cycle progression than whole blood cul- 
ture^^. It is well documented that after storage or preser¬ 
vation, changes take place in different components of 
the blood. These include gradual increase in the osmotic 
fragility of red blood cells (RBCs), their spontaneous 
lysis leading to rise in plasma haemoglobin levels be¬ 
sides changes in the nucleotides (including ATP) and 
phosphorylated carbohydrates^^. Use of heparin as an 
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anti-coagulant has also been shown to have no effect on 
RBC preservation as it lacks dextrose. On storage, its 
anti-coagulant effect is neutralized by thromboplastic 
and anti-heparin materials liberated by the cellular ele¬ 
ments of the blood^^. Platelets are considered to be an- 

% 

other labile component of blood. It has been suggested 
that blood stored for more than two days should be con¬ 
sidered to be free of viable platelets^^ The lymphocytes, 
on the other hand, can be stored as long as four days at 
room temperature for immunological sub-population 
analysis^^’^^. These lymphocytes in the absence of opti¬ 
mum blood components like erythrocytes and platelets 
may progress slowly after PHA-stimulation in culture as 
observedTn plasma lymphocyte or isolated mononuclear 
leucocyte culture^^’^^. In fact, it has been shown that 
when rat RBCs are added to purified rat leucocyte cul¬ 
tures, the cell cycle progression is considerably faster. It 
has been suggested that lymphocytes are released from 
inhibition to growth and proliferation by the presence of 
RBCs^"^. In this context, it will be also important to 
mention that mitogen-stimulated lymphocytes are par¬ 
ticularly susceptible to undergo the phenomenon of 
apoptosis (programmed cell death) either under stressful 
culture conditions such as serum deprivation or after the 
induction of damage to cellular DNA^^. Since storage 
condition leads to change in the biochemical and 
physiological properties of the different components of 
the blood, it is likely that under such stressful condition, 
the, lymphocytes may undergo tfie phenomenon of 
apoptosis, resulting into reduced frequency of labelled 
cells. Parallel to this, the irradiated cells would have 
probability to undergo DNA damage-induced apoptosis 
and would show a further reduction in the frequency of 
(^H) thymidine-labelled cells. 

In conclusion, the storage of peripheral blood samples 
at roon\ temperature delays the cell cycle progression 
and may impart additional source of variability when 
used for experimental purposes. It would be important 
to understand how the interaction of component cells of 
blood influences the rate of proliferation and the dura¬ 
tion of the cell cycle. It would be also interesting to 
precisely identify different storage labile factors and 
then by manipulating them, prevent or modify the pro¬ 
liferative response. Such factors, besides other compo¬ 
nents of the blood may include sub-cellular metabolites, 
cytosolic* and membrane-bound receptors and enzymes. 
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ages of zircons from the Older Metamor- 
phic Group (OMG), the oldest recognized rock unit 
from the Singhbhum-Orissa Iron Ore Craton, east¬ 
ern India, have been determined by ion microprobe. 
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The zircon ages lie between 3628 and 3196 Ma and 
cluster around 3.55, 3.4 and 3.2 Ga. The zircons be¬ 
longing to the first age group occur mostly as sub¬ 
rounded cores or as well rounded to subhedral 
grains of apparent detrital origin, while the zircons 
belonging to the younger groups occur as subhedral, 
prismatic grains or as overgrowths. Our data suggest 
that the provenance of the sedimentary precursor 
included granitoid rocks with ages between 3.6 and 
3.5 Ga, confirming the presence of Early Archaean 
crust in the Singhbhum region. The younger age of 
3,2 Ga most probably reflects a later metamorphic 
event which overprinted the OMG rocks. Finally, 
our data establish an older limit of -3.5 Ga for the 
age of sediment deposition. 

The Singhbhum-Orissa Iron Ore Craton of eastern India 
is a triangular crustal block of Precambrian age covering 
an area of about 40,000 km^. The province contains an 
almost-continuous geological record from the Archaean 
to the Mid-Proterozoic*. The oldest rocks of sedimen¬ 
tary origin recognized in this craton are designated the 
Older Metamorphic Group (OMG), which include am¬ 
phibolite facies pelitic schists, arenites, calc-arenites, 
calc-schists and ortho- and para-amphibolites*. The type 
area of the OMG is around Champua (Figure 1) where it 
is exposed over an area of about 200 km^ to the west 
and southwest of the Champua town. Here the rocks are 
intruded by biotite-hornblende tonalite and granodiorite 
gneisses designated the Older Metamorphic Tonalite 
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Figure 1. Geological map (after Saha^) of the Singhbhum-Orissa 
Iron Ore Craton around Champua showing the sample locations. The 
rectangle in the inset indicates the approximate geographical location 
of the area (JAM - Jamshedpur; CAL - Calcutta). 


Group (OMTG). Rock types similar to the OMG (mainly 
amphibolite grade) also occur as enclaves of varying 
dimensions throughout the Singhbhum granite ba- 
tholith*. 

Geochronologic data from the OMG suite of rocks is 
restricted to K-Ar and Ar-Ar mineral ages^’^. These 
ages fall in the range of 3.4 to 3.1 Ga and are interpreted 
as metamorphic ages (see e.g., Saha*). This implies that 
OMG sedimentation took place at or before 3.4 Ga. In 
this paper we present the results from our ion micro¬ 
probe study of “®^Pb/^°^Pb ages of single zircon grains 
separated from the OMG metasediments. Our main em¬ 
phasis is to obtain an age spectrum for the detrital zir¬ 
con component in the metasediments - the youngest 
detrital component will provide an older limit for the 
age of sedimentation. We have considered morphologi¬ 
cal signatures (e.g. well rounded to subrounded shape 
with low length to width ratio, resulting from abrasion 
during sediment transport) to identify zircons of detrital 
origin (see Figure 2). We have also analysed morphol¬ 
ogic overgrowths on single grains, in order to establish 
the age of metamorphism which has overprinted the 
OMG. 

Two samples of the OMG metasediments were col¬ 
lected for the present study from the type area near 
Champua (Figure 1). The first sample (SB-94/3C) was 
collected from a hillock 2 km west of the Champua in¬ 
spection bungalow. Here the OMG metasediments con¬ 
sist of a sequence of brownish-red muscovite-biotite 
schists grading to very pure orthoquartzite. The present 
sample is a quartz-rich member from this sequence. The 
second sample (SB-94/4) was collected about 15 km 
away from a site 4 km north of Ramuli village close to 
the main road connecting Champua to Keonjhargarh. It 
is an orthoquartzite with mica-rich bands. Although both 
samples belong to the OMG group, their exact 
stratigraphic relationship is difficult to establish in the 
field. 

The samples were processed using standard tech¬ 
niques to obtain zircon grains. They were crushed into 
cm-sized chips and these chips were washed, care being 
taken to eliminate any material which showed weathered 
portions. The chips obtained from each sample were 
then dried in air and were further crushed to < 250 pm 
using a stainless steel piston and cylinder. The fractions 
were then washed to remove the fine dust produced 
during crushing and were dried in air at 60°C. Zircons 
were concentrated from the washed fraction using an 
aqueous Na-polytungstate solution (density = 3 g/cc) 
followed by magnetic separation. Finally, individual 
zircons were hand-picked using a binocular microscope. 
The clear and least intensely coloured zircons were 
mounted on double-sided tape, cast in epoxy and sec¬ 
tioned by polishing. The better grains (based on trans¬ 
parency and simplicity of internal structures) were 
documented in detail. The grain mounts were thoroughly 
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Figure 2. Reflected light photomicrographs of zircon grains recovered Irom the OMG metasediments. Sputter holes 
caused by the primary ion beam during Pb-isotopic analyses can be seen in a couple of grains {b and h). Zircons 
shown in Figure 2 a - e belong to the >3.5 Ga group. Scale bar is 50 }im in each case. 


cleaned in ethanol using an ultrasonic bath prior to 
deposition of a 100 nm thick, high-purity gold coat 
needed for isotopic measurement using the ion micro¬ 
probe. 

Very few good zircons could be extracted from the 
orthoquartzite (SB-94/3C). The recovered grains are 


subhedral, prismatic, transparent and appear colourless 
to brownish in transmitted light. Both homogeneous 
grains and grains with distinct core-overgrowth mor¬ 
phologies are present. We could recover several good 
zircons from the sample of the quartzite (SB-94/4). In 
morphology they are generally homogeneous, though a 
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Table 1. Ion microprobe Pb-isotopic data for zircons from OMG metasediments, Singhbhum 


Analysis 

no."^ 

Measured 

Total 

“‘Pb (counts) 

206pb* 

(ppm) 

u* 

(ppm) 

2()7pb/2()6pb^ 

A ** 

Age 

2()4pb/2()6pb 

2()7pb/206pb 

Sample: SB-94/3C 







lA 

0.00084 

0.3324 

19740 

65 

101 

0.3243 ± 69 

3591 ±32 

IB 

0.00023 

0.3188 

46170 

134 

212 

0.3165 ±38 

3553 ± 18 

1C 

0 

0.3109 

16370 

58 

92 

0.3108 ±48 

3525 ± 24 

ID 

0.00005 

0.2573 

78390 

265 

474 

0.2567 ± 27 

3227 ±16 

IE 

0.00024 

0.2609 

56505 

198 

353 

0.2583 ± 29 

3237±17 

2 

0.00038 

0.2706 

45355 

124 

218 

0.2665 ± 39 

3286 ± 22 

4 

0.00149 

0.2982 

20115 

66 

112 

0.2827 ± 63 

3378 ± 34 

Sample: SB-94/4 







lA 

0.00079 

0.2693 

56730 

152 

' 270 

0.2608 ± 37 

3251 ±22 

IB 

0.00102 

0.2630 

47100 

135 

245 

0.2518 ±35 

3196 ±22 

2A 

0.00040 

0.3210 

38920 

106 

168 

0.3170 ±44 

3555 ±21 

2B 

0.00010 

0.3112 

26300 

100 

160 

0.3102 ±40 

3522± 19 

3A 

0.00044 

0.3105 

45835 

109 

176 

0.3061 ±41 

3501 ±21 

3B 

0.00141 

0.2878 

28780 

107 

185 

0.2729 ± 58 

3323 ± 33 

4 

0.00149 

0.3063 

37295 

108 

180 

0.2910 ±44 

3423 ± 23 

Ik 

0 

0.3228 

17960 

58 

90 

0-3228 ± 53 

3583 ± 25 

7B 

0-00161 

0.3224 

20235 

60 

97 

0.3062 ± 60 

3502 ± 30 

llA 

0.00071 

0.2956 • 

89430 

333 

557 

0.2883 ± 23 

3408± 12 

IIB 

0.00010 

0.2793 

112140 

364 

622 

0.2783 ± 16 

3353 ±9 

12 

0.00025 

0.2948 

14410 

37 

61 

0.2923 ± 63 

3430 ± 33 

13 

0.00049 

0.3369 

12355 

18 

27 

0.3323 ± 83 

3628 ± 38 


■^The alphabets refer to multiple analyses of single zircon. 

^Calculated value based on the assumption that the sample has remained a closed system, 
^Radiogenic value corrected using 3.5 Ga model common Pb (ref. 8). 

**Errors are la. 


small fraction have extremely well rounded grain mor¬ 
phologies. These zircons contain both apatite and some 
unidentified brown prismatic minerals as rare inclusions. 

We used a Cameca ims-4f ion microprobe for Pb- 
isotopic analysis using procedures described earlier"*. 
We operate the instrument at high mass resolution 
(M/AM~4600) to resolve all the significant isobaric 
molecular interferences on the Pb isotope mass spec¬ 
trum. A 7 nA focused primary beam of was used to 
analyse Pb-isotopic composition of ~20 [im domains 
within individual zircon grains. A single analysis con¬ 
sisted of 15 blocks of data; each block comprised of 5 
scans through the mass sequence ^^Pb, ^^Pb, 

^^^Pb, ^^^(HfOi) and ^®*Pb in'peak jumping mode. The 
age of each analysis is based on the weighted mean ra¬ 
diogenic ^^^Pb/^^^^Pb ratio obtained from the data of the 
15 quasi-independent blocks. In the absence of U—Pb 
data, we lack detailed information on the Pb-loss histojy 
of the -analysed samples. We have, therefore, developed 
objective criteria to identify Pb-loss as well as multiple 
age components within our data set. The details of the 
procedure adopted by us for data acquisition and as¬ 
sessment are reported elsewhere"*^. 

We conducted 10 analyses on three zircon grains from 
the ortho-quartzite sample SB-94/3C. In three of these 
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analyses the common Pb component was high (as evi¬ 
dent from high ^^Pb/^^^Pb ratios); these analyses were 
excluded from the data set (Table 1), thus eliminating 
those analyses which show obvious evidence for Pb- 
exchange with the extra-crystalline environment. An 
unique zircon (grain number 1) recovered from this 
sample has a distinct subrounded core with a distinct 
euhedral overgrowth (Figure 2a). Three analyses carried 
out in the core region of this grain (analysis numbers 
lA-C) yielded ages ranging between 3591 and 3525 Ma 
with a mean value of 3551 ±13 Ma (errors quoted here 
and rest of the text are la). Two analyses of the over¬ 
growth (numbers ID, E) yielded a distinctly younger 
mean age of 3232±12Ma. Another prismatic zircon 
having a narrow overgrowth at one end (Figure 2h) 
yielded an age of 3286 ± 22 Ma for its central region. 
The interior of a third elongated zircon possessing mul¬ 
tiple growth zones (Figure 2 g) has an age of 
3378±34Ma. 

Results from 13 analyses conducted on eight zircon 
grains from the quartzite sample SB-94/4 are also given 
in Table 1. As in the previous case, the analyses having 
high ^^Pb/^^Pb ratio are excluded from this data set. 
One of the zircons analysed from this sample (grain 
number 7) has an extremely well rounded grain mor¬ 
ion 
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phology (Figure 2 b). Two analyses conducted on this 
grain (numbers 7A, B) yielded ages of 3583 ± 25 and 
3505 ± 30 Ma respectively. Two more zircons - a pris¬ 
matic grain and the core region of a sub-rounded grain 
(numbers 2 and 13; see Figures 2 c, J) - have ages of 
3538 (mean of analysis numbers 2A, B) and 3628 Ma 
respectively (Table 1). Two analyses carried out on ei¬ 
ther side of a longitudinal fracture in another homoge¬ 
neous, rounded zircon (grain number 3; Figure 2e) 
yielded ages of 3501 and 3323 Ma respectively; we sus¬ 
pect that one or both of these ages reflect partial Pb-loss 
from a single domain which crystallized at or before 
3501 Ma. Four analyses conducted on three homogene¬ 
ous zircons (grain numbers 4, 11 and 12) from this 
sample (e.g., Figure 2/; grain number 11) yielded in¬ 
termediate ages around 3.4 Ga. Another homogeneous 
zircon (grain number 1) from this sample has a distinctly 
lower mean age of 3223 Ma (analysis number lA, B). 
We have also estimated the U content of the zircons 
based on a close system approximation; these values 
range from a few tens of ppm to a few hundred ppm 
(Table 1). 

The data shown in Table 1 reveal three groupings: 
greater than 3.5 Ga, 3.43-3.38 Ga and -3.2 Ga for the 
analysed zircons. The age of 3.2 Ga for the overgrowth 
around the 3.55 Ga old detrital core (SB-94/3C, analysis 
numbers lA-F) strongly suggests that the 3.2 Ga age 
reflects a younger metamorphic event affecting the 
OMG rocks that led to the growth of zircon on an older 
core. The morphology of this overgrowth (Figure 2 a) 
does not support a detrital origin for the total core¬ 
overgrowth assemblage. We note that the 3.2 Ga signa¬ 
ture is seen in zircon grains analysed from both the 
samples. ' 

Two of the zircons belonging to the >3.5 Ga group are 
clearly of detrital origin as attested to by their sub¬ 
rounded shape (Figures 2 a, b). Among the other three 
zircons belonging to this age group, two show distinct 
evidence of rounding of edges with low length/width 
ratios (Figures 2 d,e), while the third one possesses an 
ambiguous morphology (Figure 2 c). We, therefore, 
conclude that crust of -3.6 to 3.5 Ga age was a major 
sialic component within the provenance of the OMG. 

The four zircons with ages between 3.38 and 3.43 Ga 
are all homogeneous, subhedral, prismatic grains and do 
not show obvious detrital characteristics. Unfortunately, 
the lack of detailed information on possible Pb-loss 
history of these grains makes it difficult to attribute 
these ages to specific geologic events. We note that the 
lower end of this range is only slightly older than a re¬ 
cently reported Sm-Nd age of 3305 ± 60 Ma (2a) for 
the OMG amphibolites^. 

The present study provides several important geo- 
chronological constraints on the evolution of the 
Singhbhum Craton. The zircon ages from the OMG me¬ 
tasediments confirm the presence of an Early Archaean 


crust in this region. Our data suggest that the prove¬ 
nance of the sedimentary precursor contains a signifi¬ 
cant granitoid component with ages -3.6-3.5 Ga. Zircon 
growth, possibly in response to a regional metamorphic 
overprinting, has been identified at -3.2 Ga. Our results 
also provide an older limit of -3.5 Ga for the age of 
sediment deposition. 
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Significance of the terminal 
Cretaceous calcareous nannofossil 
marker Micula prinsii at the 
Cretaceous-Tertiary boundary in the 
Um Sohryngkew section, Meghalaya, 
India 

Rahul Garg and K. P. Jain 

Birbal Sahni Institute of Palaeobotany, 53, University Road, 
Lucknow 226 007, India 

A diagnostic calcareous nannofossil assemblage, rep¬ 
resenting the terminal Maastrichtian Micula prinsii 
zone, is discovered below the iridium-spike bearing 
clay-layer in the Um Sohryngkew section, Megha¬ 
laya. Its signiHcance for the precise demarcation of 
the K/T boundary, providing crucial evidence for the 
presence of the youngest Cretaceous sediments in a 
continuous, bioturbation-free calcareous shale se¬ 
quence, is demonstrated. 

The Um Sohryngkew section is located on the western 
bank of the Um Sohryngkew river, about 1 km north¬ 
eastwards of the Therria village in the foothills of the 
Cherrapunji Plateau, Meghalaya, northeastern India 
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Figure 1. Geological map of the Cherrapunji area, Meghalaya, 
showing the location of the K/T boundary section (Redrawn after 
Ghosh, A. M, N., 1940). The ‘Cretaceous beds’ mapped by Ghosh 
now include the Um Sohryngkew, Mahadeo and Langpar formations 
of the Late Crataceous-Paleocene age. 

(Figure 1). Cretaceous-Tertiary boundary in this section 
has been demarcated on the planktonic foraminiferal 
evidence^’^; the top of Maastrichtian has been marked by 
the abrupt disappearance of a rich Globotruncana- 
Heterohelix suite, while the basal Palaeocene is distin¬ 
guished by the residual Cretaceous planktonics domi¬ 
nated by Guembelitria cretacea (PO Zone) at the base, 
followed stratigraphically higher by the appearance of a 
typical Danian Turborotalia eugubina-T, sabina as¬ 
semblage Zone^. Geochemical studies across this inter¬ 
val subsequently revealed a significant enrichment of 
iridium and other siderophyle elements in a 1.5 cm thick 
clay layer"^’^, coinciding with a major depletion of Creta¬ 
ceous planktonic foraminifera. Contrary to this, Lahiri et 
al.^ opined that ‘no such widespread break’ in plank¬ 
tonic foraminifera at the KYT iridium layer is noticeable, 
as a Late Maastrichtian assemblage continues 
stratigraphically higher, suggesting the placement of the 
boundary about 30 m above this layer. However, these 
observations have recently been discussed and rejected^. 
Our recent discovery of a rich suite of Danian dino- 
flagellate cysts and calcareous nannofossils along with 
the Early Tertiary nautiloid Hercoglossa kutchensis 
Tandon and Srivastava 1980 (Figures 2A-C) below the 


K/T boundary level suggested by Lahiri et al. , also dis¬ 
proves their contention. Jafar and Singh® considered the 
Um Sohryngkew section to be an incomplete K/T 
boundary sequence due to the absence of the latest 
Maastrichtian planktonic foraminifer marker Abathom- 
phalus mayaroensis and the calcareous nannofossil 
Micula prinsii, and the reported continuation of bored 
Cretaceous planktonic foraminifera above the iridium 
layer. They further substantiated this inference by sim¬ 
ply considering reports of the presence of the basal Da¬ 
nian planktonic foraminifer markers Globigerina fringe 
and G. eugubina^ to be ‘poor’ and ‘dubious’ without 
providing any substantial arguments. 

Thus, the recording of a characteristic latest Maas¬ 
trichtian calcareous nannofossil assemblage, belonging 
to the Micula prinsii zone, from inunediately below the 
iridium-rich clay layer, confirms not only the existence 
of the youngest Maastrichtian in this section but also 
suggests demarcation of K/T boundary below this 
layer^’^^. 

The material for the present study was initially col¬ 
lected during a field trip in February 1987 (in which 
Jagadish Pandey^ S. K. Acharyya and M. K. Sen^ also 
participated), and subsequently in February 1990, when 
more closely spaced samples at 5 cm intervals (sample 
thickness ca. 2-2.5 cm) were collected from a nearly 
2 m interval across the clay layer. The studied part of 
the K/T succession consists of non-bioturbated, thinly 
laminated calcareous to fine silty shales which are dark 
grey to ash grey in lower part, followed by a 1.5 cm 
thick reddish-brown clay layer, overlain by greyish to 
yellowish-brown calcareous fine silty shales. 

These calcareous shales have lately been included 
within the Mahadeo Formation^’^. However, the authors 
prefer to group these beds within the overlying Langpar 
Formation, in accordance with the original lithological 
criteria^^"^^. The Langpar Formation, comprising cal¬ 
careous shale, carbonaceous shale and argillaceous 
limestone, conformably overlies the Mahadeo Forma¬ 
tion, consisting of glauconitic non-calcareous sandstone 
and sandy shale, becoming calcareous in the upper part. 
There is. a distinct gradational transition from a green¬ 
ish-grey, sandstone-shale facies of the Mahadeo Forma¬ 
tion into the overlying dark to light grey, calcareous 
shale-limestone facies of the Langpar Formation. The 
sequence studied immediately overlies these passage 
beds. 

Abundant and diversified Late Cretaceous calcareous 
nannofossil assemblages have been recovered from 
samples underlying the iridium-rich clay layer. They 
contain the terminal Maastrichtian, low latitude zonal 
marker Micula prinsii Perch-Nielsen 1979 along with M. 
murus (Martini) Bukry 1973. M. decussate and 
Watznaueria barnesae are the most abundant and con¬ 
sistent species in the studied interval (Figure 3). This 
assemblage typically represents the Micula prinsii zone 
of the latest Maastrichtian. 
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Figure 2. a-ai, Micula prinsii; b-e, Micula mums; f-h, Micula decussata; i, Micula concava; jl, Micula sp.; k, /, Ark- 
hangelskiella cymbiformis; m, Eiffellithus turriseiffellii; n, nl, Lithraphidites quadratus; o, Cribrosphaerella ehrenbergii; p, 
q, Microrhabdulus decoratus; r, s, Ceratolithoides kamptneri; t, Cretarhabdus angustiforatus; u, Gen. et sp. indet.; v, Chias- 
tozygus amphipons; w, Watznaueria barnesae; x, Cyclagelosphaera reinhardtii, y, Thoracosphaera operculata; z, zl, 
Braarudosphaera bigelowii (All light micrographs under crossed polarized light except j and n under single polariser; x2000). 
A“C, Hercoglossa kutchensis (scale = 2 cm). 
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Figure 3. Distribution of Late Maastrichtian calcareous nannofossil species in the Um Sohryngkew section. 
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The Micula prinsii zone was established for the up¬ 
permost Maastrichtian^^’^^ and can be correlated to the 
top of the Micula mums zone of Thierstein^^ and the 
Nephrolithus frequens (CC26) zone of Sissingh . M. 
prinsii, which evolved from M. mums, has its FAD after 
the first appearance of both Nephrolithus frequens and 
the planktonic foraminifer marker Abathomphalus 
mayaroensis^^'^^'^^• It is the most significant species to 
document the presence of the youngest Cretaceous se¬ 
quence especially in low and mid latitudes ] , e.g. El 
Kef (Tunisia), Lattengebirge (Germany), Biarritz 
(France), DSDP site 534 (S. Atlantic)^®; Barranco del 
Gredero near Caravaca (Spain)^^ and Hor Harar 
(Israel)^l 

In Urn Sohryngkew section, the rich Maastrichtian 
nannofossil assemblage abruptly disappears above sam¬ 
ple no. S-30 (Figure 3). Nannofossils have not been ob¬ 
served in the iridium-rich clay^ layer (sample S-31). In 
the immediately overlying calcareous to fine silty shales, 
the nannofossil assemblage is greatly reduced containing 
only rare Thoracosphaera operculata, Thoracosphaera 
sp., Braarudosphaera bigelowii and extremely rare Cy- 
clagelosphaera reinhardtii and Micrantholithus sp. 
These ‘survivor’ species belong to a suite of calcareous 
nannofossils which are believed to have survived the 
K/T boundary biotic crisis and extend from the Maas¬ 
trichtian into the basal Danian^®. Brightly birefringent 
elliptical to broad elliptical coccoliths (2-5 pm) are 
found to occur across the K/T boundary, without any 
appreciable change in size. Rare occurrence of this form 
is recorded in the Upper Maastrichtian as well as in the 
basal Danian where it is found to occur consistently in 
the studied interval. In our opinion, records qf this spe¬ 
cies above the K/T boundary are not due to reworking 
but seem to represent genuine occurrences. It is docu¬ 
mented here as Gen. et sp. indet. and is listed under 
‘survivor’ species for the present (Figure 3). 

It is generally believed that a ‘continuous’ marine K/T 
boundary section in low latitudes should include the 
uppermost Cretaceous coccolith zone of Micula prinsii 
followed by the boundary clay within the planktonic 
foraminiferal zone of Globigerina fringa, followed by 
G. eugubina, in the basal Danian^®. However, the occur¬ 
rence of a relict survivor Late Cretaceous planktonic 
foraminiferal faunule belonging to the Guembelitria 
cretacea zone [PO], in the earliest Danian below the G. 
fringa zone is now recognized to be extremely signifi¬ 
cant in establishing the continuity of a complete K/T 
boundary sequence^"*^^^. 

The argument of Jafar and Singh®, that the reported 
‘continuation’ of a relict Cretaceous planktonic fo¬ 
raminiferal assemblage, representing the G. cretacea 
zone, above the iridium-rich layer in the Um Sohryng¬ 
kew section^ is abnormal for a complete K/T boundary 
sequence, is, thus, not valid. Further, the ‘absence’ of 
Micula prinsii in several Indian sections, including Me¬ 
ghalaya and Andaman Islands postulated by them 


should be viewed with caution. M. prinsii has previously 
been listed in a ‘nannoplankton cocktail’ obtained from 
a solitary mud-volcano sample from Baratnag Island that 
yielded a mixed assemblage of Campanian-Danian 
age^®. However, M. prinsii could not be recovered in 
subsequent studies of mud-volcanoes of the same re- 
gion^^, thus rendering its earlier report from Andaman 
Islands to be questionable^®. 

According to Pandey^, the zonal planktonic fo¬ 
raminifer marker, A. mayaroensis, is absent in Megha¬ 
laya. He consequently instituted the Globotruncana 
staurtiformis zone as a substitute for the Maastrichtian 
A. mayaroensis zone. Jafar and Singh® misquoted Bhan- 
dari et al,^ by crediting them with noting the occurrence 
of A. mayaroensis in eastern Indian sections, including 
Meghalaya, but at the same time suggested that this 
species ‘may in fact be missing altogether’ from this 
region. A. mayaroensis has been recorded from the 
Cauvery Basin^^ the Krishna-Godavari Basin^^’^^, the 
Andaman Islands^"^’^^ and exotic limestone in the Ukhrul 
Melange Zone of the Nagaland-Manipur Ophiolite 
belt^^. Occurrence of a well-preserved and complete 
assemblage containing A. mayaroensis has also been 
reported from DSDP Site 217 in the Bengal Abyssal 
plain in the Indian Ocean^^. 

In view of the absence of this zonal marker in the Um 
Sohryngkew section, correlation with the A. mayaroen¬ 
sis zone has been suggested based on the occurrence of 
a rich planktonic foraminiferal suite containing Globo¬ 
truncana stuarti, Rugoglobigerina rotundata and R, 
scotti^. However, these taxa do not provide unequivocal 
evidence.for the presence of the youngest Maastrichtian 
in the section, as none of these is restricted to A. 
mayaroensis zone. Moreover, A. mayaroensis is not 
considered to be a reliable taxon for identifying the K/T 
boundary, especially in the shallow continental shelf 
sections as it is geographically and ecologically re- 
stricted^^’^®. An alternative biozone, Pseudotextularia 
deformis was proposed for shallow continental shelf 
sections^^. 

We, therefore, conclude that the present discovery of 
rich calcareous nannofossil assemblages from the 
Micula prinsii zone immediately below the iridiumTrich 
clay layer illustrates the definite presence of terminal 
Maastrichtian sediments in this section. It apparently 
substantiates the planktonic foraminiferal record to fulfil 
the criteria for a biostratigraphically complete and con¬ 
tinuous shallow marine KTB sequence. The continuity 
of the section is also suggested by the occurrence of 
bioturbation-free calcareous shales, albeit with a modest 
colour change, across the 1.5 cm thick iridium-rich clay 
layer which marks the K/T boundary. 
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Origin and significance of high-grade 
phosphorite in a sediment core from 
the continental slope off Goa, India 
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A phosphorite crust was found at 380—390 cm depth 
interval of a sediment core collected from the topo¬ 
graphic high occurring on the continental slope off 
Goa. This crust is fragile and grey to light brown in 
colour. Carbonate fluorapatite is the predominant 
mineral followed by minor pyrite. Thin section stud¬ 
ies indicate that it is mostly homogeneous with a few 
bone fragments and shows porous microstructure. 
SEM studies show that it contains agglomerated 1— 
2 pm size apatite globules resembling phosphatized 
bacteria and coalesced bacteria. Microprobe geo¬ 
chemistry of the phosphorite indicates that it con¬ 
tains 33% P 2 O 5 and 50% CaO with other major 
elements (Si, Al, Ti, Fe, Mg, Na and K) amounting to 
only 1.8%. The mode of the phosphorite crust for¬ 
mation is discussed in relation to Quaternary phos¬ 
phorites in upwelling and non-upwelling regions- It is 
suggested that the initial substrate for the phos¬ 
phorite crust was most probably a fish coprolite 
which phosphatized under lower rates of terrigenous 
sedimentation and calm environmental conditions 
during the Pleistocene. 

In phosphorites the P 2 O 5 content generally exceeds 18% 
and it may sometimes reach up to 40%. Phosphorites 
with higher P 2 O 5 content are not only of scientific inter¬ 
est but are also of significant economic value. So far, 
phosphatized limestones consisting of 2-14% P 2 O 5 
(bulk analyses)*"'\ the sediments^ with 0 . 2 - 2 . 0 % P 2 O 5 
and glaucony-phosphate facies associated' sediments^ 
were reported from the western continental margin of 
India. In this paper, we report the origin and signifi¬ 
cance of high-grade phosphorites (34% P 2 O 5 ) sporadi¬ 
cally occurring at subsurface depths of the sediment 
cores collected from the topographic high on the conti¬ 
nental slope off Goa. 
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Figure 1. Schematic cross section of the continental margin off Goa 
showing topographic high on the continental slope; arrow shows the 
core location (data provided by Dr M. Veerayya). 

As a part of Institute’s geological exploration pro¬ 
gramme, more than 30 sediment gravity cores v^ere col¬ 
lected on the western continental margin of India (in the 
year 1993-94) during different cruises of 0 R V Sugar 
Kanya and A A Siderenko. Most of these cores are from 
the central and southwestern margin where intense sea¬ 
sonal upwelling has been reported. These cores are dis¬ 
tributed at water depths between 20 m and 2000 m and 
thus are located above, within, and below the oxygen 
minimum zone (150-1500 m). During subsampling the 
sediment cores onboard, phosphorite nodules/crusts 
were found only in three gravity cores collected from 
the topographic highs occurring on the continental slope 
off Goa (Figure 1). These phosphorites occur sporadi¬ 
cally at one or two sediment intervals at deeper subsur¬ 
face depths of the cores. All these phosphorites contain 
about 34% P 2 O 5 . In the remaining cores there are no 
phosphorites except a few phosphate grains occurring as 
traces at different sediment intervals. 

The phosphorite crust studied here is from a 4.3 m 
long gravity core (GC-2) collected on the topographic 
high in 330 m water depth off Goa (Figure 1) 
(14°49.6'N, 72°38.8'E) during the VI cruise of A A 
Siderenko. This crust is found at 380-390 cm depth in¬ 
terval of the core. The phosphorite crust is about 3.5 cm 
long and somewhat flat with thickness of about 1.5 cm 
(Figure la). It is grey on one side and light brown on 
the other. It is friable and similar to F (friable)- 
phosphates reported by Garrison and Kastner^. Both the 
surfaces show grooves (Figure la) and small boring 
cavities, indicating that it was indurated under hard- 
ground conditions. Bulk mineralogy by X-ray diffraction 
(Figure 3) shows that the carbonate fluorapatite is the 
only mineral phase. Pyrite, however, occurs in acid in¬ 
soluble residue. The bulk chemistry analysed by ICP- 



AES shows that the crust consists of about 34% P 2 O 5 
and 49% CaO. The major element geochemistry of the 
phosphorite, analysed by microprobe, significantly dif¬ 
fers from that of the Modern/Quaternary phosphorite 
nodules/crusts in other upwelling/non-upwelling regions 
(see Table 1) and consists of more P and Ca and very 
low content of other major elements. Bone fragments 
contain relatively less P 2 O 5 than the matrix (Table 1). 

Thin section of the phosphorite indicates that it is 
mostly homogeneous with a few scattered bone frag¬ 
ments and fish remains and shows porous structure 
(Figures lb, c). Pyrite occurs as small black grains. The 
bones are susceptible to degradative transformation and 
show different stages of phosphomicritization (Figures 
Id, e). Some bones are partly micritized (Figure le) 
and others are completely micritized and transformed 
into undifferentiated peloids (Figure If). Elsewhere, the 
bones are surrounded by black material of possible or¬ 
ganic origin. SEM observations on freshly broken sur¬ 
faces of the phosphorite attest the thin section findings. 
It consists of abundant porous microstructure with adja¬ 
cent moderately compacted areas (Figure A a). Within 
the porous area, apatite everywhere occurs as agglom¬ 
erated globules of different size (0.5-2 pm) (Figure Ab). 
These globules resemble phosphatized bacteria and 
coalesced bacterial structures^'The compact areas 
seem to conrespond to thick coalescence of globules and 
globule aggregates. Figure 4 c shows the pyrite aggre¬ 
gate composed of many cubes and octoids of pyrite and 
porous apatite structure corresponding to globules. 

The sediments of the core are clayey at the surface 
and up to 40 cm depth of the core and clayey sand/silty 
sands occur below. The organic carbon content in the 
upper 40 cm of the core is high (about 8 %) and in the 
remaining core, it ranges from 0.8 to 3.7%, with an av¬ 
erage value of 1.0%. In contrast, the calcium carbonate 
content is low (up to 43%) in the upper 40 cm and in¬ 
creases down core with values ranging from 60 to 80%. 
Coarse fraction studies indicate that in the upper part of 
the core, planktonic foraminifers show solution features 
and contain several keels of planktonic foraminifers and 
pyrite encrusted/infilled foraminifers. In the remaining 
part of the core, the coarse fraction consists of abundant 
planktonic forams, pteropods, shell fragments, molluscs 
and otoliths distributed more or less uniformly in the 
core. Corals encrusted on a small gastropod shell 
(Figure 5) were found at a sediment interval 360- 
370 cm), close to that of phophorite depth interval 
(380-390 cm). 

Some of the Modern phosphorites (off Peru and SW 
Africa) occur in upwelling regions^while others 
(Eastern Australia phosphorites) are in weak/non- 
upwelling regions^^. As the western margin of India is 
concerned, (a) intense seasonal upwelling occurs on the 
southwestern continental margin of India, (b) organic 
carbon values range from 3-16% in the surficial sedi¬ 
ments of the continental slope^"^ and up to 8 % in the 
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Figure 2. a. Phosphorite crust; (*-/) are thin section photomierographs; b, at low magnification showing homogeneous apatite struc¬ 
ture with a few bone fragments; c, high magnification showing porous microstructure; d, fish bones being micritized; e, bone fragment 
showing phosphomicritization;/, the end product of phosphatization of bones showing undifferentiated phosphate peloids. 
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Table 1. Geochemistry of the phosphorite and their comparison with modern phosphorite nodules 

from other regions _ 



Phosphorite crust from the Indian 
margin (upwelling region) 

Modern phosphorites from 

weak/non-upwelling 
other upwelling regions region 

Element 

1 

2 

3 

4 

5 

(15)* 

(3) 

( 21 ) 

(46) 

(4) 

Si 02 

0.11 

0.06 

8.79 

19.39 

24.00 

AI 2 O 3 

0.33 

- 

2.68 

1.95 

3.53 

Ti 02 

0.03 

0.03 

ND 

ND 

ND 

FeO 

0.39 

0.13 

1.28 

6.95 

4.50 

MnO 

0.02 

O.Ol 

ND 

ND 

ND 

MgO 

0.81 

0.52 

0.99 

1.41 

1.31 

CaO 

50.17 

49.00 

42.00 

37.28 

31.90 

Na 20 

K 2 O 

0,10 

0.12 

1.08 

ND 

0.90 

1.38 

0.90 

0.89 

P 2 O 5 

33.26 

30.72 

27.58 

17.42 

11.00 


* Average of number of analyses, ND - not determined, 

1 & 2 This study, microprobe analyses of phosphorite crust from the western margin of India; 1. 
analyses of matrix; 2. analyses of bone fragments. 

3 Phosphorite nodules from Peru margin (microprobe analyses) . 

4 Phosphorite nodules from Namibia (microprobe analyses)^^. 

5 Eastern Australian margin non-ferruginous phosphorite nodule . 


112 



Figure 3. X-ray diffractogram of the phosphorite (bulk analysis), 
showing all the reflections are due to carbonate fluorapatite. 

upper 1 m sediments of the gravity cores (M. Thamban, 
unpublished work) and are comparable to the organic 
carbon values of the Peru and SW African margins and 
(c) oxygen minimum zone (150-1500 m) intersects the 
continental slope. In spite of all ((a)-(c)) these upwel- 
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ling-induced conditions, phosphorites have not been 
observed in the upper one meter sediments of all the 
thirty gravity cores. We, therefore, suggest that just 
having upwelling is not sufficient enough to produce 
phosphorites. Glenn et alP recently reviewed the envi¬ 
ronmental conditions for phosphorite formation and 
suggested the influence of several factors on phospho- 
genesis. As the sediments in the cores are carbonate- 
rich, carbonate ion concentrations in the pore waters^^ 
and rate of sedimentation are probably major controlling 
and inhibiting factors for the formation of modern phos¬ 
phorite in this margin. 

Modern/Quaternary phosphorites mostly occur in the 
form of nodules/crusts. The initial substrate (host) for 
phosphorite is part of sediment and obviously the phos¬ 
phorite nodule/crust is heterogeneous and contains 
partly replaced and/or unaltered sediment constituents 
such as diatoms, foraminifers, quartz, clay minerals, etc. 
The geochemistry of this type of diagenetic nod¬ 
ules/crusts is shown by higher contents of other major 
elements along with higher P values (see Table 1) sup¬ 
porting the existence of Pediment constituents. Although 
the calcareous skeletal dominated sediments are associ¬ 
ated with the phosphorite under investigation, it neither 
contains carbonate skeletals nor other sediment con¬ 
stituents except bone fragments (Figure 2). Geochemis¬ 
try also shows higher P and Ca values and very low 
content of other major elements than the modern phos¬ 
phorite nodules/crusts (see Table 1). These suggest that 
the host substrate for phosphorite may not be the asso¬ 
ciated sediment. Similarly, based on petrography, we 
suggest that the host substrate in our phosphorite is not 
identical to those in pelletal phosphorites^^ and phos- 
phatized microstromatolites' 
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Figure 5. Photograph showing corals encrusted on a small gastro¬ 
pod shell. 

The only possibility is that the initial substrate for the 
phosphorite crust may be a coprolite. Cayeux^^ de¬ 
scribed coprolites which show typical homogeneous and 
porous microstructure with few fish remains. More re¬ 
cently, Lamboy^® reported copronodules from ODP 
cores of the Peru margin. Subsequent studies^’^^ have 
documented the homogeneous nannostructure of fish 
coprolites from various phosphorites including those 
from the ODP cores of the Oman margin. The observa¬ 
tions in our phosphorite are in good agreement with the 
reports of {hese workers. It has been suggested that the 
faeces of carnivores contain highest P 2 O 5 content (up to 
11 %) as they contain undigested remains of bone mate¬ 
rial and, those of herbivores seem to contain not more 
than 0.2-0.4% P 2 O 5 (cf Slansky^^). We therefore suggest 
that the initial excrement may belong to carnivore fishes 
and become phosphatized. The phosphorite thus pro¬ 
duced subsequently became flat due to the overburden 
of sediment. Absence of hydroxyl apatite reflections in 
X-ray diffrac to grammes, in spite of the existence of 
bone fragments and fish remains, may be due to the fact 
that the replacement of hydroxyl ion of the bone by 
fluoride ion is an ion exchange process and does not 
require major chemical alteration^^ and/or the total hy¬ 
droxyl apatite in the sample is < 5 %. 

The precise mechanism of apatite precipitation in cop¬ 
rolites is not known but may be similar to the one re¬ 
ported for authigenic minerals, (a) The major sources 
for phosphate were most probably the P released during 



Figure 4. a-c, SEM photographs, a, apatite microstructure with 
moderately compact area with adjacent porous areas, h, porous area 
showing agglomerated apatite globules resembling phosphatized 
bacteria, c, Pyrite aggregate showing cubes and octoids of pyrite 
with adjacent area showing porous apatite microstructure corre- 


early diagenetic degradation of organic matter and bone 
fragments associated with the initial excrement, (b) It is 
also known that dense populations of microbes inhabit 
the intestines of living vertebrates and their faeces nor¬ 
mally contain abundant bacteria^^. The presence of only 


spending to globules. 


agglomerated microspheres (Figure 4 lo) resembling 
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phosphatized bacteria everywhere in the phosphorite 
may indicate the confined environmental conditions fa¬ 
vouring the growth of only one type of microbial group, 
(c) The associated sediments do not contain pyrite 
whereas, the phosphorite crust contains several pyrite 
grains implying that the initial excrement itself may 
have acted as a restricted suboxic/anoxic microenviron¬ 
ment. In view of (a)—(c), we suggest that the microbes 
existing within the initial excrement assimilated P and F 
from within and also from the overlying waters, precipi¬ 
tated carbonate fluorapatite and phosphatized only cop- 
rolite in the confined microenvironmental conditions. 

The initial excrements of fish are very fragile and may 
rapidly disintegrate with any small disturbance. The ini¬ 
tial excrement was survived, phosphatized and indurated 
into a crust implying that very calm environmental 
conditions must have existed at the site during phos- 
phatization. Growth of corals on a small gastropod shell 
(Figure 5) occurs close to the sediment interval of phos¬ 
phorite crust. The transportation of these corals from 
elsewhere is ruled out as the sediment core under study 
was taken from a topographic high, an isolated feature 
on the continental slope (Figure 1). The encrustation of 
coral even on a small gastropod shell implies the preva¬ 
lence of quiet conditions and low rates of terrigenous 
sedimentation. These conditions thus corroborate the 
phosphatization conditions of coprolite. 

As the phosphorite crust is not occurring in upper 
50 cm of the core, it is not a modern phosphorite. The 
age of the sediments in the core depends on the rates of 
sedimentation. The rate of sedimentation on the conti¬ 
nental slope is about 4 mm/yr (ref. 23); these rates, 
however, cannot be used for our core as it was taken 
from a topographic high. Colour and texture of the 
sediments, organic carbon and calcium carbonate con¬ 
tents of the sediments significantly differ and vary in the 
sediments of the upper 40 cm of the core and the sedi¬ 
ments below. This depth representing changing sedimen¬ 
tary conditions may correspond to Holocene/Pleistocene 
boundary. The sediment cores collected in the vicinity 
(Laccadive Sea) also showed similar sedimentary 
change at about 40 cm depth interval and based on the 
radiocarbon dates this depth interval has been suggested 
as Pleistocene/Holocene transition^"^. The rate of sedi¬ 
mentation during the Pleistocene was apparently low as 
evidenced by the phosphorite and coral encrusted gas¬ 
tropods at different levels. Even if we apply average 
sedimentation rate (2.2 cm/10^ yr) recorded in the adja¬ 
cent Arabian Basin^^ the sediments at 380-390 cm 
(phosphorite) interval might have deposited during the 
upper Pleistocene. 
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The carbonaceous clay beds and lenses of peat be¬ 
longing to Bharathi and Kundara clay mine sections 
of Warkalli Formation have yielded a well-preserved 
palynoflora. The assemblage represents a mixture of 
ecological groups such as low-land, freshwater, and 
sandy beach elements. The recognition of salt glands 
signifies that the palynoflora has affinity with man¬ 
grove swamp/coastal vegetation. The relative abun¬ 
dance of fungal remains is indicative of a high 
organic input environment and a warm, humid cli¬ 
mate with heavy rainfall during the deposition. Oc¬ 
currence of Compositoipollenites, Malvacearumpollis, 
Quilonipollenites, Trilatiporites and Ctenolophonidites 
costatus suggests Neogene (Miocene) age. The as¬ 
semblage is contemporaneous of ^Ratnagiri Beds’ of 
Maharashtra coast as they were deposited in a near¬ 
shore environment and their floristic composition is 
comparable. Nevertheless, the Warkalli deposits re¬ 
mained relatively stable unlike the ‘Ratnagiri Beds’ 
which have been subjected to post-depositional dis¬ 
placement caused by tectonic activity. Analysis of 
accrued fossil pollen evidence and disjunct distribu¬ 
tion of plant taxa in a tectonic perspective have also 
been discussed. 

During our studies on the kaolin deposits in the coastal 
tract of South Kerala, carbonaceous clay beds and small 
bands and lenses of peat have been observed in the ce¬ 
ramic clay mine sections of Bharathi and Kundara^ As 
these deposits contain rich organic matter, the samples 
have been subjected to palynological study in order to 
ascertain the floristic composition and also to derive 
palaeoecological information, which is the main objec¬ 
tive of this communication. The samples investigated 
belong to the Upper Tertiary sedimentary sequence 
(Warkalli Formation) of the Kerala Basin^. 

The details of location (Figure 1) and clay mine pro¬ 
files from where the samples were obtained are given 
below: 

The Bharathi clay mine (8°37'38":76°49'r') is located 
at Sasthavattom of Thiruvananthapuram district. The 
mine section (Figure 2 a) shows 10-13 m thick bed of 
white clay, overlain by a soil column containing laterite 
pebbles, of thickness up to 6 m. A lens of peat (CC 28) 



Figure 1. Map showing sr^npling localities. 
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Figure 2 a. Synoptic profile of Bharathi clay mine, Sasthavattom. 


with associated marcasite occurs at a depth of 13.5 m 
from the surface within the white clay bed. 

The Kundara clay mine section (8°58':76°40'6") 
shows a massive thick sequence unconformably overly¬ 
ing the Precambrian crystalline gneiss (Figure 2 b), The 
maximum height of the southern wall of the mine is 
50.7 m and the basal portion consists of residual clay 
having a thickness of 8 m. Residual clay is overlain by a 
sequence of sedimentary clay having thickness of 40 m 
and within this, carbonaceous clays, ball clays, varie¬ 
gated clays and pink clays occur alternatively. Although 
both the sections are separated by a considerable dis¬ 
tance, the lithological features almost remain the same. 
Further field observations and details of synoptic pro¬ 
files of Bharathi and Kundara clay mines have been 
dealt separately in the previous work^’^. 
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Table 1. Details of samples and location 



Sample 

Lithology 

Location 


CC-6 

Carbonized wood 

Bharathy Clay Mine, Sasthavattom 


CC-28 

Peat 

Bharathy Clay Mine, Sasthavattom 


CC-41 

White clay 

Kerala Ceramics Clay Mine, Kundara 


CC-45 

White clay 

Kerala Ceramics Clay Mine, Kundara 


CC-50 

Pink clay 

Kerala Ceramics Clay Mine, Kundara 


CC-51 

Ball clay 

Kerala Ceramics Clay Mine, Kundara 


CC-52 

Peat 

Kerala Ceramics Clay Mine, Kundara 


CC-53 

Variegated grey clay 

Kerala Ceramics Clay Mine, Kundara 


CC-54 

Peat 

Kerala Ceramics Clay Mine, Kundara 


CC-55 

Carbonaceous clay 

Kerala Ceramics Clay Mine, Kundara 


CC-56 

Peat 

Kerala Ceramics Clay Mine, Kundara 





Lateritised sandstone 
Sandy clay 

Cross bedded clayey sand 
Sand 

Coarse sand 
Clayey pebbles 
Cluartz gravels 
Pink clay 
Variegated clqy 
Ball clay 
Peal 

Carbonaceous clay 

Residual clay 

Partly weathered gneiss 
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Figure 2 b. Synoptic profile of Kundara clay mine. 


The samples analysed are mainly carbonaceous clays, 
peat and other clays. The details of samples analysed are 
given in Table 1. Of the 11 samples macerated, only six 
proved to be productive (CC28, 51, 53, 54, 55 & 56), 
while the rest, particularly white and pink clays, were 
found to be non-polleniferous. Palynomorphs recovered 
from the samples were processed using the conventional 
separation methods followed by the ultrasonic cleaning 
to get rid of the finer particles adhering to the palyno- 
fossils. The slides of figured specimens (Figures 3a-n, 
Aa-t) are deposited in the repository of palynological 
collections in the Geology and Palaeontology Labora¬ 
tory for future reference. 

The palynoflora recovered from the Bharathi and 
Kundara clay mines consists of pteridophytic spores, 
fungal remains and angiospermous pollen grains. Be¬ 
sides, the assemblage contains large number of cuticles, 
organic spherules and salt glands. The palynotaxa iden¬ 
tified are given below: 

Fungal remains: Spores and fruiting bodies 

Dyadosporonites sp.; Lirasporis sp.; Parmathyrites in- 
dicus Jain & Gupta 1970; Phragmothyrites eocaenica 
Edward 1922. 

Pteridophytic spores 

Cheilanthoidspora monoleta Sah & Kar 1974; Cingu- 
latisporis sp.; Dandotiaspora plicata (Sah & Kar) Sah, 
Kar & Singh 1971; Osmundacidites cephalus Saxena 
1978; Polypodiaceaesporites sp.; Polypodiisporites sp.; 
Lygodiumsporites sp. 

Angiospermous pollen grains 

Compositoipollenites minimus Ramanujam 1987; Cro- 
tonoidaepollenites euphorbioides Rao & Ramanujam 
1982; Ctenolophvnidites costatus (V. H. Klinkenberg) 
V. H. Klink. 1966; Dermatobrevicolporites dermatus 
(Sah & Kar) Kar; Droseridites spinosa (Cookson) Po- 
tonie 1960; Jandufouria seqmrogiformis Germeraad, 
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Figure 3. fl, Marf^ocolporites tsukadai Ramanujain. rncolporopollis sp., c. Zoiu)cul{)aic pullcn ^lam. d. Rt tiini olpuiiu \ ( mssuo- 
tatus Rao & Ramanujam; e, Dermatobrevicolporites dermatus (Sah & Kar) Kar; /, CrotonoidaepolLenites euphorhioides Rao &, Ra- 
manujara; Tricolporopollis Rao & Ramanujam; h, Dyadosporonites sp.; Meliapollis sp.; Jandufouria seamrogoformis 
Germeraad, Hopping & Muller; ifc, Dandotiaspora plicata (Sah & Kar) Sah, Kar & Singh; Lakiapoltis ovatus, Venkatachala & Kar; 
m, Parmathyrites indicus Jain & Gupta; n, Meliapollis sp. cf. M. tamilii Navale & Misra. (All photomicrographs are ca x 650). 


Hopping & Muller 1968; Lakiapollis ovatus 
Venkatachala & Kar 1969; Longapertites sp.; Malva- 
cearumpollis estelae (Germeraad, Hopping & Muller) 
Hekel 1972; Margocolporites sitholeyi Ramanujam 
1966; Margocolporites tsukadai Ramanujam 1966; Me¬ 
liapollis tamilii Navale & Misra 1979; Meliapollis 
quadrangularis (Ramanujam) Sah & Kar 1970; Rhizo- 
phoraceae (Zonocostites) type pollen grains; Quilonipol- 
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lenites sp. cf. Q. sahnii Rao & Ramanujam 1978; 
Retitricolporites crassirotatus Rao & Ramanujam 1982; 
Tricolporopollis sp.; Trilatipo rites sp.; Tricolpites 
eras sireticulatus Dutta & Sah 1970; Tricolporopilites 
pseudoreticulatus Kar 1985; Zonocolpate type. 

Of the above-mentioned species, Margocolporites are 
abundant in the assemblage. Meliapollis is also fairly 
represented. Pollen grains belonging to Rhizophoraceae 
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Figure 4. a, Malvacearumpollis estelae (Germeraad, Hopping & Muller) Hekel; b, Ctenolophonidites costatus sp. (Van Hoeken- 
Klinkenberg) Van Hoeken-Klinkenberg; c, Droseridites spinosa (Cookson) Potonie; d, Palaeosantalaceaepites sp. (Group of pollen 
grains); e, Cheilanthoidspora monoleta Sah & Kar;/, Cingulatisporites sp.; g, ? Group of Monocolpite finely reticulate pollen grains; 
h, QuilonipoUenites sp.; r, Tricolpites eras sir eticulatus Dutta & Sah; 7 , Tricolporopollis sp.; k, Meliapollis quadranguJaris 
(Ramanujam) Sah & Kar; /, Trilatiporites sp. cf. T. normei Ramanujam; m, Retitricolporites crassirotatus Rao & Ramanujam; «, Ly- 
godiumsporites sp.; o, Tricolporopilites pseudoreticulatus Kar; p, Margocolporites sitholei Ramanujam; q, Osmundacidites cephalus 
Saxena; r, Longapertites sp.; s, Polypodiaceaesporites sp. (3 spores together); t, Polypodiisporites sp. (All photomicrographs are 
cax550). 


(Zonocostites) occur mainly in groups attached to cuti¬ 
cles. Lakiapollis ovatus is another significant taxon of 
the assemblage. Polypodiisporites and Polypodi¬ 
aceaesporites of Polypodiceae are the important ele¬ 
ments of the Pteridophytes. Only some of the forms have 
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been assigned to earlier published taxa, whereas others 
are referred to informal species. 

The occurrence of Ctenolophonidites, Droseridites, 
Jandufouria, Lakiapollis, Malvacearumpollis, Margo- 
coloporites, Meliapollis and Zonocostites type of pollen 
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grain in the assemblage is significant as they are of 
stratigraphical and palaeocological importance"^"^. The 
assemblage as a whole represents a mixture of ecologi¬ 
cal groups such as low-land, freshwater, mangrove and 
sandy beach elements, particularly that of the Bharathi 
clay mine. However, in the Kundara clay mine, the pa- 
lynofloral spectrum could be differentiated at various 
levels of sampling. For example, sample CC-56 yielded 
mainly pteridophytic spores while CC-55 is rich in Tri- 
colpites crassirotatus. The occurrence of angiospermous 
pollen grains namely Margocolporites tsukadai and Me- 
■liapollis spp. has been found to be increasing towards 
higher levels of sampling in the section. Fungal fruiting 
bodies are abundant, indicating heavy rainfall and high 
humidity. The recognition of salt glands in the sedi¬ 
ments signifies that the palynoflora has an affinity with 
mangrove swamp/coastal vegetation. Presence of Com- 
positoipolleniteSy Malvacearumpollis, Margocolporites, 
Meliapollis spp., Quilonipollenites and Tricolporopilites 
indicates that the carbonaceous clays and peat samples 
belong to the Upper Tertiary'^"^^ 

The palynofloral assemblage does compare well with 
the other known contemporaneous deposits of the West 
coast as they have common floral elements. The pa¬ 
lynoflora obtained from the ‘Ratnagiri beds’ resting on 
Deccan Trap having a few metre thickness, at Kotwade, 
Bankhot-Velas and Parchuri of Ratnagiri district of Ma¬ 
harashtra State have several comparable taxa. As this 
flora^^ was recovered from the deposits which occur at 
higher altitude of 100-120 m ASL, the assemblage de¬ 
scribed here comes from a considerably lower altitude, 
indicating that the former has been subjected to uplift 
during the post-Miocene age as suggested by several 
workers^^’^"^ while the deposits studied here were accu¬ 
mulated in a basin which remained relatively stable as 
reported earlier^^"^^. 

Although palynological work has been done covering 
the Warkalli, the Quilon and the Vaikom formations, a 
finer resolution of the age of the entire sedimentary se¬ 
quence of the Kerala basin is yet to be achieved^. Most 
of the published reports on palynoflora are sporadic 
covering either of one or two formations. Moreover, 
palynological data of the subsurface sediments are mea¬ 
gre to have meaningful biostratigraphy and to correlate 
the entire Tertiary sequence overlying the Archean 
basement. Therefore, it would be worthwhile to analyse 
more subsurface samples collected from widely drilled 
boreholes from Kanyakumari in the South to Kasargod 
in the North for finer resolution of age and a better un¬ 
derstanding of palaeoecology and vegetational history of 
the Kerala coast using palynology as a tool. 

Considering the pronounced neotectonic activity along 
the Maharashtra coast compared to the Kerala deposits, 
there would be further scope in analysing the paly¬ 
nological evidence for reasonable estimates of dispersal 


probabilities of several taxa that had been growing along 
the West coast of India. Thb palynological evidence vis- 
d-vis present day distribution^^ of Ctenolophon, Durio, 
PentaCy Sclerosperma, Syagrus, Nyssa, Elaeis, Gun- 
nera, Kielmeyera, Nypa and Eugeissona, to mention a 
few, does indicate that ecological stress brought about 
by tectonic activity might have played a decisive role in 
their displacement from the West coast of India. How¬ 
ever, we have yet to establish the probable reasons for 
their disjunct distribution and restricted occurrences at 
oceanic distances as we do not have a comprehensive 
analysis of pollen data from the West coast. As not 
much thought is given to the phenological re¬ 
sponse/readjustment of the species'^ in relation to plate 
tectonic activity, it would be worth examining the paly¬ 
nological data that are being accrued in that perspective. 
We have to ponder and adopt a holistic approach^® so 
that the role of tectonic activity and the accompanying 
change in physiography and climatic vicissitudes in 
geosphere and phytosphere could be understood in a 
much better way. 
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Bioremediation of toxic metal ions 
from polluted lake waters and 
industrial effluents by fungal 
biosorbent 

Md. Naseem Akthar and P. Maruthi Mohan 

Department of Biochemistry, Osmania University, 

Hyderabad 500 007, India 

Alkali-extracted mycelial biomass (biosorbent) from 
Aspergillus niger was effective in sequestering metal 
ions, especially Zn^^ and Cd^^ from lake waters from 
very low concentrations (pg/1) wben compared to 
Dowex-50, Zinc ions (9 g/1) from an effluent of a bat¬ 
tery manufacturing unit could be removed efficiently 
(>75%) by recycling the biosorbent through five cy¬ 
cles. Similarly, chromium ions from effluents of elec¬ 
troplating industry (420 mg/1) could also be removed 
by recycling the biomass. Here we report the poten¬ 
tial use of this fungal biosorbent in removing toxic 
metal ions from heterogeneously polluted lake waters 
and industrial effluents. 

Developing countries are increasingly concerned with 
pollution due to toxic heavy metals in the environment. 
Unlike most organic pollutants which can be destroyed, 
toxic metal ions released into the environment often 
persist indefinitely, circulating and eventually accumu¬ 
lating throughout the food chain, thus posing a serious 
threat to mankind. Large proportions of heavy metals 
are being released into the environipent from acid mine 
drains and industrial waste waters due to inadequacies 
of technology in processing of metals or through other 
routes^’^. A reasonable procedure to diminish the escape 
of metals from industrial effluents is the adoption of low 
waste-generating technologies coupled with effective 
effluent treatment. 

The use of biological materials for heavy metal re¬ 
moval or recovery has gained importance in recent years 
due to their good performance anH low cost^“^. Among 
the various sources, both live and inactivated biomass of 
microorganisms exhibit interesting metal-binding ca¬ 
pacities^’^. Their complex cell walls contain high content 
of functional groups like amino, amide, hydroxyl, car¬ 
boxyl, sulphydryl and phosphate which have been impli¬ 
cated in metal binding^®"^"^. 

Conventional methods for removing metals from in¬ 
dustrial effluents before they are disposed off are be¬ 
coming inadequate, while effective methods are 
becoming uneconomical^^. An alternative method, based 
on the adsorptive capacity of microbial biomass, re¬ 
ferred to as biosorption, is emerging as a promising 
‘biosorption technology’ for metal removal and recov- 
ery3’4’^6 studies from our laboratory had earlier used a 
nickel-resistant, hyperaccumulating mutant of Neu- 


rospora crassa to remove toxic Ni^”** from aqueous me- 
dia^^. In later studies, alkali-extracted mycelial biomass 
of N. crassa, Fusarium oxysporum and particularly 
A. niger have been demonstrated to have an excellent 
ability to concentrate silver ions^°. Further, the mecha¬ 
nism of biosorption was demonstrated to be by a direct 
exchange of toxic ions with resident Ca^’^/Mg^'*’ of the 
biosorbent; carboxyl groups have been shown to be the 
major binding groups herein^^ The objective of the pre¬ 
sent study is to explore the potential use of a biosorbent 
from A. niger in removing toxic metal ions from pol¬ 
luted lake waters and industrial effluents. 

The biomass of A. niger was processed as described 
earlier^^, referred ^o as ‘biosorbent’ was used in all ex¬ 
periments. For metal-removal experiments, Hussain Sa- 
gar, an eutropicallyjpolluted lake in the Hyderabad city, 
India, was chosen and the metal ion concentrations 
(Cd^"^, Cu^"^, Co^'^, Ni^'*' and Zn^'^) were determined^®. 
The biosorbent (25 g fresh weight = 5 g dry weight) was 
taken in a cheese cloth bag and dipped into the lake 
waters (2-3 feet deep) for 60 min. The biosorbent was 
then removed, washed with distilled water and the 
bound metals were eluted with 0.1 N HCl. The eluate 
was concentrated and the amount of metals bound was 
anaysed by Atomic Absorption Spectrophotometry 
(AAS, Perkin-Elnler Model No. 2380). Simultaneously 
for comparison of efficiency of the biosorbent, 5 g of 
Dowex-50 (Na*^ form) was taken in a cheese cloth bag 
and dipped into the lake waters and the experiment was 
carried out as described above for biosorbent. 

For the removal of metals from industrial effluents, 
biosorbent (2 g) was suspended in 20 ml of the effluent 
and incubated on a rotary shaker (100 rpm) at 30 ± 1°C 
for 1 h and the amount of metal remaining was analysed. 
The biosorbent was reused for 5 cycles after regenerating 
with Ca^"^ and Mg^^ (0.1 M each) as described earlier^®. 

Microorganisms have * applications in selected waste- 
water metal removal/treatment systems. However, tox¬ 
icity of metallic contaminants and the highly variable 
conditions prevalent in many wastes and processed wa¬ 
ters preclude the use of living organisms and necessitate 
the utilization of non-living systems for metal removal. 
Metal sorption has been well demonstrated with nonme¬ 
tabolizing and nonliving, microbial biomass^^’^^’^o, Sev. 
eral characteristics of inactive biomass make it an ideal 
choice for treatment of metal containing wqste waters 
and process streams^^’^^. Inactive biomass, in general, is 
not selective in the metal sorbed; rather, it simultane¬ 
ously removes several different toxic and heavy metals 
Like Cd, Cr, Cu, Hg, Ni, Pb, U, Zn from solution regard¬ 
less of their concentrations. In addition, the biomass has 
greater avidity to and removes metals that are relatively 
more hazardous, due to its low affinity for alkaline earth 
metals (Ca, Na, K, Mg) (ref. 23). 

Most studies described above have been conducted 
using metal ions in pure solutions and very few have 
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Table 1. Sequestration of toxic metal ions from lake waters. 


Metal 

ion 

in lake 
water jig/l* 

Amount of metal bound lig/5 g 

Litre** 

equiva¬ 

lents 

Biosorbent 

Dowex-50 


8.63 + 6.5 

333.8 ± 155.5 

8.69 ±4.97 

38.7 


18.1 ± 14.5 

85.1 ±41.2 

21.94 ±9.3 

4.7 


62.3 ±21 

4562.5 ± 1174.3 

111.9 ±67.3 

73.2 


17.98 + 7 

90.13 ±52.48 

6.35 ±3.37 

5.3 

Co^'" 

10.65+ 1.1 

84.69 ± 36.75 

7.75 ± 2.95 

7.9 


*Five samples were collected from the same site of the lake over a 
period of one year and pH varied between 7.9 and 8.5. 

**Obtained by dividing biosorbent-bound metal ion by the lake wa¬ 
ter metal concentration per litre. 

Biosorbent or Dowex-50 (5 g) placed in a cheese cloth bag and im¬ 
mersed into lake water (2-3 feet deep) for 60 min. The bound metal 
ions were desorbed and estimated by AAS (see text). 

Metal remaining (%) 

120 r-1 



0 1 2 3. 4 6 

Regeneration cycle (No.) 


Bii zinc effluent Chromium effluent 

Figure 1. Biosorbent (2 g) was suspended in 20 ml of effluent con¬ 
taining zinc (9 g/1) or chromium (420 mg/1) for 60 min. The metal 
ion remaining was estimated by AAS. After regeneration, the bisorb¬ 
ent was reused up to 5 cycles (see text). 

used industrial effluents to our knowledge^"^’^^. In the 
present study, we have used the polluted effluents di¬ 
rectly without maiiipulating their composition. The re¬ 
sults show that cadmium and zinc were more effectively 
sequestered from the lake waters at very low concentra¬ 
tions (ppb or pg/l) as compared with other metal ions by 
the biosorbent. The efficacy of the biosorbent vis-a-vis 
equal weight of Dowex-50 indicated the former's supe¬ 
riority in binding metal ions (Table 1). This is due to 
Dowex-50 readily binding nonspecifically divalent ions 


present in lake waters (like Ca^^ and Mg^^), thereby at¬ 
taining saturation with these ions (data not shown) and 
being there after unable to sequester toxic ions present 
at very low concentrations. If the binding capacity of the 
biosorbent is calculated on the basis of litre equivalents, 
the biosorbent (5 g) is able to remove almost 75 1 
equivalents of zinc and around 40 1 equivalents of cad¬ 
mium: for copper, cobalt and nickel, equivalence was 
around 5-10 1 (Table 1). The metal ion concentrations 
noted here are well below the permissible limits sug¬ 
gested by the Indian Council of Medical Research^^. It 
should be noted here that when the same metal ions were 
present in a mixture at high concentrations (25 mM each), 
the order of binding by the biosorbent (from pure solutions) 
was Cu>Zn>Cd>Co = Ni (ref. 11). This shows that 
other unknown factors influence the order of preference for 
metal sorption from such heterogeneously polluted waters. 

Zinc removal from an industrial effluent (from a bat¬ 
tery manufacturing unit) which contains a high concen¬ 
tration of zinc (9 mg/ml) was highly effective with the 
biosorbent; five cycles of biosorbent treatment resulted 
in more than 75% metal removal. In another effluent 
from an electro plating industry containing chromium 
(420 jig/ml), the biosorbent was able to remove more 
than 95% of chromium (five cycles). One of the interest¬ 
ing features regarding Zn^”** sequestration from effluent 
of a battery manufacturing unit is that in the first cycle 
of use (Figure 1) about 30% of Zn^^ is removed by the 
biosorbent (60 mg zinc/2 g fresh wt). On a.dry weight 
basis, this amounts to 15% of biosorbent weight (as dry 
weight accounts for 20% of fresh weight). In earlier 
studies^^ Zn^'^ binding was 9-10% from a pure solution 
containing 50 mM (about 3 mg/ml). The higher binding 
noted herein is possibly due to a 3-fold higher concen¬ 
tration of Zn^"^ present in the effluent. The accumulation 
of toxic metal ions is based on a mole for mole ex¬ 
change with the resident calcium and magnesium ions of 
the biosorbent. The low affinity of Ca^"^ and Mg^"^ ions 
for the biosorbent makes them excellent counter ions for 
the heavy metals that form more stable complexes with 
the unprotonated binding sites. This factor has been 
taken as an advantage for the regeneration of the 
biosorbent and its repeated use^^ 

Ideal properties for a biosorbent are: i) it should se¬ 
quester toxic metal ions both from dilute and concen¬ 
trated solutions, ii) should not face antagonism with 
essential metal ions, iii) should be reusable, iv) should 
not by themselves contaminate the environment. Over¬ 
all, the biosorbent used in the present study has most of 
these features. Further scale-up studies are required to 
determine the actual potential of this biosorbent for de¬ 
contaminating metal ions from industrial effluents. 
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Deep Continental Structure of India: 
A review. T. M, Mahadevan, Geologi¬ 
cal Society of India, P.B. No. 1922, 
Bangalore 560 019: Memoir 28. 1994. 
569 pp. Price: Rs 600/$60. 


The book under review is a monumental 
compilation of geophysical field re¬ 
search on deep continental structure of 
India. A short preface summarizes the 
scope and objectives and expresses the 
hope that this work will help to bridge a 
communication gap between geologists 
and geophysicists, for whom deep con¬ 
tinental studies are common ground. 
The text begins with (1) ‘General Con¬ 
siderations’, which briefly defines the 
Indian continental crust and its geo¬ 
graphical extent along with geological 
and geophysical characteristics, particu¬ 
larly of its lower crust, Moho and upper 
mantle. In Chapter 2, ‘Technology and 
Methods - Present Status’, a short de¬ 
scription of the geophysical techniques 
for imaging the deep interior is high¬ 
lighted, with emphasis on standards in 
technology. The contents of this chapter 
would make the reader feel that a com¬ 
parative attempt has not been made of 
the synthesized data from different 
methods for the Indian lithosphere or 
any of its seven tectono-stratigraphic 
units specified in the next chapter. 
Chapter 3, ‘The Indian Crust’, deals 
with the results of various geophysical 
investigations of the seven major geo¬ 
logical entities. Here the author has 
summarized the informations of velocity 
structures, heat flow, ’ Himalayan 
isostasy, etc., without their critical 
evaluation. Chapter 4, ‘Peninsular 
Shield ~ Precambrian Cratons and 
Mobile Regions’, gives some broad 
features of geology and deep crust. A 
vital , problem is emphasized as to 
whether the Indian plate has evolved by 
collision and fusion of a number of mi¬ 
croplates or it was a single ancient con¬ 
tinental crust that underwent 
intermittent rifting to form sedimentary 
basins which finally developed into 
foldbelts now seen bordering the cra¬ 
tons. In Chapter 5, ‘Purana Basins’, the 
author considers these basins as Pro¬ 
terozoic analogues of the Tertiary basins 
that occur in front of the Himalayan 
orogen, although the available geo¬ 
physical information does not support, 
except for the Cuddapah basin. In 
‘Gondwana Basins’, described in 
Chapter 6, the horst and graben struc¬ 
tures are revealed in gravity and DSS 


profiles. Despite the shallow basin bot¬ 
toms, some basins like Godawari and 
Mahanadi are interpreted as zones of 
intra-continental passive rifts without 
establishing their Precambrian ancestry. 
Chapter 7, ‘Mesozoic-Tertidry Volcanic 
Province’, gives an account of all pos¬ 
sible evolutionary models but the geo¬ 
physical inputs have not been always 
used as evidence in support or against 
any of these models. The author has 
followed a simple theory where positive 
gravity field is attributed to rising Moho 
or to the presence of basic/alkaline 
rocks, while negative field is taken to 
indicate sediments. The Sonata belt is 
elaborately described but this reviewer 
feels that no definite conclusions can be 
drawn from the geophysical data alone 
for the evolution of this major tectonic 
divide’ of Sonata. In Chapter 8, 
‘Younger Sedimentary Basins’, a sig¬ 
nificant feature is their horst and graben 
structures. The Cambay basin is classed 
as a failed arm with Kutch basin and 
Sonata belt as other two arms of a triple 
junction, akin to the Afar triangle from 
which three rift systems radiate. But this 
hypothesis would be misleading to earth 
scientists as the geological and geo¬ 
physical methods have not yet been 
evaluated in this direction. The section 
on geomagnetic field and conductive 
structures on page 327 appears some¬ 
what out of place in this chapter. In 
Chapter 9, ‘Himalaya’, the gravity and 
seismic data have been synthesized with 
surface geology, but different evolu¬ 
tionary models are simply stated. The 
reader is, however, left to himself to 
relate the geophysical data with the 
vertical tectonics or plate tectonics that 
have been responsible for the Himala¬ 
yan orogeny. While not competent on 
Chapter 10, ‘Continental Margins of 
India’,. I am confident that this will be 
welcomed as a reliable compilation. In 
Chapter 11, ‘Emerging Scenarios of 
Deep Continental Structures - A Re¬ 
sume’, an attempt is made to synthesize 
the various geophysical data on deep 
continental crust of India. Considering 
thickness as most useful parameter, the 
Moho depths and lithospheric thickness 
are summarized in tables. The review is 
a worthy attempt and quite elegantly 
examines models already presented 
without their critical evaluation. The 
last Chapter 12. ‘Framework for Future 
Programme’, contains useful recom¬ 
mendations, although with a long list. A 
multidisciplinary, integrated and careful 
planning is recommended for future 


researches on deep continental struc¬ 
tures of India. There is truly magnifi- 
cient list of about 900 references. 

The vast geophysical information 
contained in this volume will prove 
useful in establishing deep crustal inter¬ 
action with surface geology. The text is 
clear and on the whole very readable, 
except when some of the arguments and 
statements appear to be out of context 
and when long sentences make severe 
demands upon the reader’s power of 
concentration. The book is not without 
minor flaws. Some figures are nearly 
illegible or fuzzy because of extreme 
reduction, a few illustrations are incor¬ 
rectly labelled and the text has a few 
typographical errors. However, the vol¬ 
ume contains so much valuable material 
assembled in so useful a form that one 
can hope it will be widely disseminated 
and read. One must salute the courage 
and patience of the author who, being a 
geologist with vast experience, ventured 
for the first time in reviewing the mas¬ 
sive geophysical work on a request from 
the Department of Science and Tech¬ 
nology, New Delhi, which initiated 
modem research activities on Indian 
deep continental cmst. 

Ram S. Sharma 

Department of Geology, 

Banaras Hindu University, 

Varanasi 221 005, India 


Rice Tungro A. Anjaneyulu, M. K. 
Satapathy and V. D. Shukla. Oxford 
and IBH Publishing Co. Pvt. Ltd., 
New Delhi, Bombay, Calcutta, 1994, 

228 pp. 


Rice is a staple food for human beings. 
Rice tungro virus is considered as one 
of the major constraints in rice produc¬ 
tion in South East Asia. For many years 
plant virologists, plant pathologists and 
entomologists have done research on 
tungro vims disease. Prior to this publi¬ 
cation comprehensive review was not 
available. TTiis book fulfils the needs of 
the researchers and the students who 
wish to gain a fair degree of knowledge 
on tungro virus disease. 

The text has been divided into 19 
chapters. Chapter one presents an over¬ 
view of tungro vims disease. The occur¬ 
rence, distribution and area affected in 
different parts of the world have been 
clearly indicated in the map (chapter 2). 
Symptoms are important in any disease 
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diagnosis. Range of symptoms by dif¬ 
ferent strains of virus on different rice 
cultivars has been described- Symptoms 
induced by feeding vector leafhoppers 
are also given (chapter 3). The man¬ 
agement strategy depends upon yield 
loss. Though yield reduction on differ¬ 
ent varieties has been given yield loss 
per unit area is not provided (chapter 4). 

For many years the cause of the dis¬ 
ease was not known. Rice tungro is 
caused by bacilliform particles of 
25 X 140 nm and spherical particles of 
28-30 nm in diameter. Antisera has 
been raised against both the particles of 
tungro virus. This is most useful in the 
detection and epidemiology. Various 
diagnostic techniques have been de¬ 
scribed in chapters 5 and 6. 

Molecular biology of tungro virus is 
most interesting because of two viruses; 
RNA virus and DNA virus associated in 
causing the disease. Only limited infor¬ 
mation is available on this (chapter 7). 
Existence of several strains of RTV 
(RTV 1, RTV 2, RTV 2A, RTV 2B, 
RTV 3, RTV 4) in different rice¬ 
growing areas has been described 
(chapter 8). Little attention has been 
paid to the metabolic processes associ¬ 
ated with the symptom development of 
rice plants infected with tungro viruses 
despite its widespread occurrence and 
economic importance (chapter 9). 

Tungro viruses are transmitted by 
various species of Nephotettix. The 
authors have described vector distribu¬ 
tion, virus-vector relationships, biol¬ 
ogy, host range and vector movement 
(chapters 10-12). The epidemiology of 
tungro disease is interesting because of 
the involvement of insect vector, be¬ 
sides host (rice), pathogen (RTSV & 
RTBV) and environment. Presence of 
virus strains, vector biotypes, multiple 
rice cultivars, alternate weed hosts and 
different cultural practices make tungro 
epidemiology very interactive and dis¬ 
ease development becomes a function of 
various aspects of virus, host, agro¬ 
nomic practices and materiological fac¬ 
tors (chapter 13). Tungro viruses, their 
transmission, virus-vector relationship, 
vector biology, population dynamics of 
the vector and host resistance have been 
discussed (chapters 10-13). Various 
ways and means have been attempted 
and different recommendations have 
been made in different Asian countries 
to reduce the disease incidence and in¬ 
crease the crop yields (chapter 14). Va¬ 
rietal resistance has been discussed in a 
separate chapter (chapter 15). An inter¬ 


esting aspect is a note for farmers and 
extension workers provided in the book 
(chapter 17), besides future prospects 
(chapter 18). All the literature published 
on rice tungro is provided in the book 
(chapter 19) and subject index is given 
for easy reference. 

The book is an outstanding contribu¬ 
tion with application of data, diagrams 
and illustrations. I hope it will be useful 
to plant pathologists, plant virologists, 
entomologists, extension workers and 
students and teachers of general agricul¬ 
ture. 

V. Muniyappa 

Department of Plant Pathology, 
University of Agricultural Sciences, 
GKVK, Bangalore 560 065, India 


Bacterial Pathogenesis of Plants and 
Animals: Molecular and Cellular 
Mechanisms. J. L. Dangl, ed. Current 
Topics in Microbiology and Immunol¬ 
ogy series, Springer-Verlag, Berlin, 
Heidelberg. 1994. Vol. 192. 343 pp. 

Although four highly authoritative 
books {Molecular Basis of Bacterial 
Pathogenesis eds Barbara H. Iglewski 
and Virginia L. Clark); Molecular Biol¬ 
ogy of Bacterial Infection: Current 
Status and Future Perspectives (eds 
Hormaeche, C. E., Penn, C. W. and 
Smyth, C. J.); Bacterial Pathogenesis: 
A Molecular Approach (eds Abigail A. 
Salyers and Dixie D. Whitt); Molecular 
Genetics of Bacterial Pathogenesis (eds 
Miller, V. L., Kaper, J. B., Portnoy, D. 
A. and Isberg, R. R.). For reviews see 
Curr. ScL, 1993, 64, 118-119; 1993, 
65, 798-799; 1995, 68,343-344; 1995, 
69, 624-625) have already appeared on 
the molecular underpinnings of bacterial 
pathogenesis, the slant of this volume is 
entirely different. This is apparent, at 
the outset, from the somewhat non- 
obvious choice of topics which include 
both plant and animal pathogens. The 
objective of this volume is to bring out 
the commonalty of molecular mecha¬ 
nisms which underlie bacterial patho¬ 
genicity, irrespective of the type of the 
pathogens - plant or animal, and thus 
underscore the importance of basic re¬ 
search approaches to parallel problems 
in pathogenesis. 

The first basic concept about bacterial 
pathogenesis, whether plant or animal. 


which one realizes while going through 
this volume is the multiplicity of viru¬ 
lence factors required. Beattie and Lin- 
dow discuss various virulence factors 
which determine the epiphytic fitness of 
phytopathogenic bacteria. This is analo¬ 
gous to attachment and colonization of 
host surfaces by the animal pathogens as 
detailed by Meyer et al. and Manning in 
their reviews on the pathogenicity of 
Neisseria spp. and Vibrio cholerae re¬ 
spectively. From these reviews, it is 
evident that while not much is known as 
to the molecular mechanisms underlying 
various virulence factors, viz. fimbrial 
adhesions, extracellular polysaccharides 
(EPS), osmotolerance, tolerance to UV 
and visible radiations, etc. determining 
the epiphytic fitness of phytopathogenic 
bacteria, detailed information is avail¬ 
able on the molecular genetics of colo¬ 
nization factors of animal pathogens such 
as Tcp (toxin coregulated pilus) and Acf 
(accessory colonization /actor) of Vibrio 
cholerae, and pili and opa (opacity as¬ 
sociated) proteins of Neisseria spp. 

The next basic concept which one 
realizes is the complexity of genetic 
regulatory pathways controlling expres¬ 
sion of virulence determinants in bacte¬ 
rial pathogens. Dow and Daniels discuss 
global regulation of virulence determi¬ 
nants, viz. extracellular enzymes 
(cellulase, protease, polygalacuronase 
lyase, amylase and lipase), EPS, xan- 
than, etc. of Xanthomonas campestris 
pv. campestris. This is a clear reflec¬ 
tion, among animal pathogens, of bvg 
locus of Bordetella pertussis as detailed 
by Rappouli. The review by Dow and 
Daniels also shows that environmental 
modulation of virulence determinants in 
phytopathogenic bacteria, as is well 
known for the animal pathogens, is also 
regulated by two-component signal 
transduction mechanisms. The existence 
of two-component regulatory systems in 
phytopathogenic bacteria is further cor¬ 
roborated by studies on the genetic and 
chemical bases of recognition in Agro¬ 
bacterium tumefaciens as reviewed by 
Binus and Howitz. 

The extracellular products produced 
by both animal and plant bacterial 
pathogens represent a group of ‘most 
obvious’ virulence determinants. Coll- 
mer and Bauer, choosing two quite dif¬ 
ferent plant pathogens namely ErWinia 
chrysanthemi and Pseudomonas syrin- 
gae, discuss the molecular genetics of 
extracellular virulence proteins. In do¬ 
ing so the authors put maceration, pectic 
enzymes and pel genes vis-a-vis hyper- 
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sensitive response (HR), hairpins and 
hrp genes. The concluding section of 
this review is very interesting in which 
the authors compare pathogenicity of 
Erwinia chrysanthemi with that of 
Pseudomonas aeruginosa and P. syrin- 
gae with Yersinia pestis (reviewed in 
this volume by Cornells), thus bringing 
out similarities/dissimilarities in the 
deployment and functions of their extra¬ 
cellular virulence proteins. The review 
by Cornells is a detailed account of the 
molecular genetics of yops, the extracel¬ 
lular virulence proteins produced by 
Yersinia pestis. 

An extensive review by Bonas dis¬ 
cusses structural organization and func¬ 
tions of hrp (hypersensitive reaction 
and pathogenicity) genes and hrp- 
dependent secretion of hypersensitive 
response-inducing proteins (hairpins) in 
Erwinia amylovora and Pseudomonas 
syringae pv. syringae. Among the ani¬ 
mal pathogens this system can be com¬ 
pared, in the larger perspective, to a 
number of virulence genes of salmo¬ 
nella (reviewed by Finlay). The various 
genes of Salmonella which are under 
intensive investigation are: Spv 
(Salmonella plasmid virulence) Spa 
(Salmonella presentation of < 2 ntigen) 
and pag (Pho-P activating genes). 

The commonalty of the molecular and 
cellular mechanisms among bacterial 
pathogens producing quite different 
clinical disease entities is illustrated by 
the study of Shigella flexneri and Lis¬ 
teria monocytogenes as reviewed by 


Parrot and Sheehan et al. respectively. 
Although quite different as to the clini¬ 
cal disease produced, these pathogens 
show several similarities in their cyto¬ 
plasmic multiplication, actin-based 
movements and cell-to-cell spread. 

In a detailed review entitled 
‘enigmatic avirulence genes of phytopa- 
thogenic bacteria’ Dangl discusses 
whatever little is known about the or¬ 
ganization, regulation and virulence 
functions of avirulence (avr) genes, 
bringing into focus some of the para¬ 
doxical issues of the topic and posing 
several questions which must be ex¬ 
plored further to understand their exact 
role in pathogenesis. 

A very important question which 
emerges from the foregoing discussion 
is: taking cues from animal pathogens, 
where molecular genetics of patho¬ 
genicity are decidedly better under¬ 
stood, can we address ourselves to some 
of the hitherto unsolved issues of plant 
pathogens or even vice-versa? This 
question has been posed more convinc¬ 
ingly by McKhann and Hirch in their 
review on Rhizobium. Arguing from 
several points of view the authors show 
that there are important conceptual dif¬ 
ferences between symbiotic and plant 
pathogen interactions and suggest that 
Rhizobium-l&gume symbiosis cannot be 
regarded as a modified or refined type 
of plant pathogen interaction as pro¬ 
posed by some investigators sometimes 
back. They further suggest that to un¬ 
derstand root hair invasion by rhizobia 


we should, perhaps, look into models 
representing invasion of mammalian 
cells by bacterial pathogens. 

The objective of this intellectually 
stimulating volume is to make the read¬ 
ers view bacterial pathogenicity from 
newer perspectives. Seen in this con¬ 
text, the volume in its totality is a laud¬ 
able attempt and a novel addition to 
works already available on the subject. 
However some of the reviews, when 
seen individually, tend to look aloof and 
wanting in overall objectives of the 
compilation. This apart each review, 
whether dealing with plant or animal 
pathogens, gives detailed information 
on the molecular and cellular mecha¬ 
nisms underlying the bacterial pathogen 
discussed. Each review has been pro¬ 
vided with an extensive and up-to-date 
bibliography. 

This volume is strongly recommended 
as part of any collection of books deal¬ 
ing with microbiology. The volume will 
be of much use to researchers studying 
various aspects of the molecular genet¬ 
ics of bacterial pathogens and to teach¬ 
ers engaged in teaching advanced level 
courses on bacteriology plant or animal 
bacterial pathogenesis and infectious 
diseases. 

J. S. ViRDI 

Department of Microbiology, 

University of Delhi South Campus, 
Benito Juarez Road, 

New Delhi 110 021, India 


Erratum 

Pioneers of ozone study bag chemistry 
Nobel 

S. Parthiban 

[Curr. Sci„ 1995, 69, 793-797] 

The photographs of Rowland and Molina were inadver¬ 
tently interchanged. The error is regretted. 


- Editors 


Edited and published by Prof. S Ramasheshan and Prof. P. Balaram, Current Science Association, Bangalore 560 080. 
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INSTITUTE FOR PLASMA RESEARCH 

(An Autonomous Institute of DST, Government of India) 

Near Indira Bridge, Gandhinagar Highway, 

BHAT, GANDHINAGAR 382 424 

ADVT NO. 09/95 

FACULTY AND POST DOCTORAL POSITIONS IN SURFACE AND MATERIAL 

SCIENCES 


The Institute for Plasma Research is the country’s premier research institute pursuing 
research and development in plasma physics and its applications. The institute has been 
established by the Department of Science and Technology, Government of India to lead 
the country’s Plasma Physics and Magnetic Confinement Fusion Research Programme. 

Tokamak ‘Aditya’ is in operation and a steady state superconducting tokamak (SST) is 
under design. Other areas of thrust are basic plasma physics, fusion technologies, plasma- 
assisted material processing, computer simulation, etc. Improved understanding of 
plasma-surface interaction is important from the point of view of design and engineering of 
magnetic confinement fusion devices and. plasma-assisted material processing. In the 
former the degradation of integrity of plasma facing components and the control of 
evolution of impurities are the issues of critical importance, while in the latter, technologies 
like surface engineering are based on our understanding of plasma-surface interaction. 

IPR is planning to strengthen its activities in this field. A full-fledged surface and 
materials characterization laboratory with advanced instrumentation like ESCA, XPS, AES, 
SIMS, SEM, XRD, etc. is being established. 

We are looking for scientists at the faculty level like Associate Professor - I & II, Fellow, 
Scientist-SD and Post-Doctoral Fellow to initiate and lead the programme at IPR. While 
the thrust will be on goal-oriented research and development mentioned above, individual 
scientists will have considerable freedom to pursue their own special interests. 

FACULTY AND POST DOCTORAL POSITIONS 

Qualification and Experience: Ph D with adequate research experience in material and 
surface analysis and characterization using the above-mentioned techniques. 

Job description: Research and development in surface and material science, surface and 
material analysis and characterization using advanced analyticai techniques. 

GENERAL INFORMATION 

Scale of pay: 

1. Associate Professor - II: Rs 4500-150-5700 (gross Rs 10,910) 

2. Associate Professor r-1: Rs 3700-125-4700-150-5000 (gross Rs 9830) 

3. Feliow/Scientists - SD: Rs 3000-100-3500-125-4500 (gross Rs 8180) 

4. Post-Doctoral Fellow (PDF): Consolidated stipend Rs 4000 per month + Rs 1000 
House Rent Subsidy., 
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Higher starting salary in the scale may be considered in exceptipnal cases. 

All posts are regular except that of PDF which Is for one year tenure which may be 
extended for another term 

Age limit: 35 Years in respect of Fellow/Scientist-SD and PDF. Relaxable by 5 years in 
case of SC/ST candidates. 

The above norms may be relaxed in exceptional cases at the discretion of competent 
authority. Institute offers excellent career opportunities to creative, innovative and result- 
oriented staff. In addition to pay and allowances, perquisites like Contributory Provident 
Fund, Gratuity, Medical Facility under its Contributory Health Service Scheme, LTC, Group 
Linked Insurance Scheme, Subsidised Transport/Conveyance Reimbursement and 
Subsidized Canteen Facilities are admissible as per Institute rules. 

Out-station candidates called for interview will be paid first class to and fro rail/ordinary 
class bus fare by shortest route in respect of Associate Professor - II & I, Fellow/Scientist- 
SD and second class fare for PDF on production of proof of journey such as Railway/Bus 
ticket or ticket No. 

How to apply: Typed application on plain paper strictly in the following format with one 
recent passport size photograph duly affixed on it along with copies of marksheets, 
experience certificates, testimonials, etc. should reach the Chief Administrative Officer, 
Institute for Plasma Research at the above address within 20 (twenty) days from the date 
of publication of this advertisement. The envelope should be strictly superscribed with 
Advt No. and Post Applied for. 

Appiication format 

1. Advertisement No.; 2. Post applied for; 3. Name (in block letters); 4. Date of birth; 5. 
Place of Birth; 6. Age; 7. Marital status; 8. Present address; 9. Permanent address; 10. 
Whether belongs to SC/ST if so, attach documentary evidence; 11. Qualifications (SSC 
onwards, indicating a. exam, passed, b. board/university, c. subjects, d. year of passing, e. 
division, f. percentage of marks obtained); 12. Experience (indicating a. name of the 
organization, b. nature of work in detail, c. period, d. scale of pay and total salary drawn); 
13. References-14. Any other relevant information; 15. Signature with date. 

Candidates employed in Govt/quasi Govt/Public Sector undertakings should forward 
their applications through proper channel. The Institute reserves the right to reject any 
application without assigning any reason. Applications not in the above format are 
liable to be rejected. No interim correspondence will be entertained. 
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